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ABSTRACT

Background: The COVID-19 pandemic has caused serious public health problems. The research of
coronavirus has shown some relationships between cardiovascular diseases and COVID-19. In this
case, this study is aimed to test if there is any statistically significant effect of cardiovascular diseases
on the severe progression and mortality of patients with COVID-19.
Method: A comprehensive literature review and data extraction can be obtained in online database.
The fixed effect model and random effects model can be utilized to estimate the risk ratio of the
severe progression and death to COVID-19 patients. Then the subgroup analysis can be established to
see if there is any significant heterogeneity between groups and finally to detect the publication bias.
Results: 28 studies can be included in the meta analysis, the random effects model show the high
heterogeneity (I2 = 75%, p < 0.01) in this study with pooled risk ratio for both mortality and severe
progression 3.03, 95%CI [2.29, 4.02]. The cardiovascular diseases are associated with increased
mortality (pooled RR = 3.29 with 95% CI [2.18, 4.97]) and severe progression of COVID-19
(pooled RR = 2.66 with 95% CI [1.81, 390]). There is no between group heterogeneity and small-
study effect.
Conclusion:The cardiovascular diseases are associated with an increased risk of severe progression
and death among COVID-19 patients.
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1 Introduction

Coronavirus disease, also called COVID-19, is an epidemic disease caused by a novel coronavirus. It has influenced
serious public health emergency and many people are infected with the COVID-19 virus. By December 2020, it
has more than 70 million cases around the world with 1.5 million deaths. However, the number of new cases and
deaths is still increasing, which would intensify the burden of health care. For some of patients, especially for young
people, the symptoms are mild or undetectable when they are infected by the coronavirus so that it is easy to spread
around the world. Even if some patients are with no symptoms, many patients especially for the elder or people with
underlying health problems would develop serious complications including acute myocardial infarction, myocardial
injury, myocarditis, dysrhythmias, heart failure and venous thromboembolic events. [1, 2] A narrative review of the
cardiovascular diseases and COVID-19 study [3] has shown that patients with underlying cardiovascular disease (CVD)
would cause cardiac injury during the course of the illness, which would increase the risk of progression and death.
However, those studies are mainly finished in the beginning of the coronavirus pandemic with small sample and less
patients data. By December, many clinical trials in patients infected with COVID-19 virus has been conducted to share
the clinical data with patients characteristics. In this meta analysis, we are supposed to estimate the association between
cardiovascular diseases and the severe progression and mortality of COVID-19, based on the latest literature review and
data analysis.
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Figure 1: PRISMA Flowchart

2 Method

2.1 Search strategy and selection criteria

In this study, we applied a comprehensive literature search in PubMed, Embase and Google Scholar, according to the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement. The searching strategy is
to select the study from January 1, 2020 to December 10, 2020 without any language restriction using these advanced
searching engines. The searching term contains: (1) (COVID-19) OR (SARS-CoV-2) AND (clinical trial); (2) (COVID-
19) OR (SARS-CoV-2) AND (cardiovascular disease); (3) (COVID-19) OR (SARS-CoV-2) AND (cardiovascular
disease) And (mortality); (4) (COVID-19) OR (SARS-CoV-2) AND (cardiovascular disease) And (severe). One
individual researcher would search these terms to find appropriate papers and researches with double-checking to see if
there is any conflict or misunderstanding. After removing the duplicate studies, the potential papers of associated with
full texts and datasets would be evaluated with the inclusion criteria and exclusion criteria.
The inclusion criteria is: (i) Studies that contain the grouping information of cardiovascular diseases for patients
with COVID-19; (ii) Studies that include the mortality of patients or definition of severe progression of patients with
COVID-19. (iii) No preference of study designs. The exclusion criteria is to omit the duplicate reports, systematic
review and the articles that only contains abstracts.
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Table 1: Demographics of the included studies

Author Ee Ne Ec Nc Events
Akbari [4] 2 25 11 415 Death
Bai T [5] 2 3 34 124 Death
Cao J [6] 3 5 14 97 Death
Chen T [7] 16 23 97 251 Death
Deng [8] 65 109 1 116 Death
Fu L [9] 2 16 32 184 Death
Guan WJ [10] 6 67 21 1029 Death
Lang W [11] 21 53 44 286 Death
Mo P [12] 14 85 1 70 Death
Shi S [13] 42 82 15 334 Death
Shi Y [14] 4 94 7 438 Death
Wang D [15] 9 36 11 102 Death
Goyal P [16] 7 141 19 290 Death
Wang Z [17] 5 14 3 55 Death
Wu C [18] 5 94 3 117 Death
Yang X [19] 3 32 2 20 Death
Yuan ML [20] 3 3 7 24 Death
Zhou F [21] 13 54 2 147 Death
Anwer S [22] 4 13 1 28 Severe
Huang C [23] 3 13 3 28 Severe
Li Q [24] 5 18 21 307 Severe
Liu JY [25] 1 1 16 60 Severe
Qin [26] 8 11 278 441 Severe
Wan S [27] 6 7 34 128 Severe
Gaurav A [28] 8 36 2 102 Severe
Bonow [29] 12 16 59 127 Severe
Zhang GQ [30] 13 22 42 199 Severe
Zheng X [31] 2 28 2 52 Severe

2.2 Data Extraction

The data can be extracted with these measures: author, year, number of events in cardiovascular group (Ee), number
of events in non-cardiovascular group (Ec), number of patients in cardiovascular group (Ne), number of patients in
non-cardiovascular group (Nc) and event type (death or severe progression). The events of interest are death and severe
progression of COVID-19.
The definition of cardiovascular diseases in this meta-analysis were the historical cardiovascular (cardiac) disease or
the co-morbidity cardiovascular diseases with COVID-19. The definition of severe progression of COVID-19 can
be summarized from the included papers: (a) respiratory distress breaths per min is greater than 30; (b) the oxygen
saturation at rest is lower than 93%; (c) the ratio of partial pressure of arterial oxygen (PaO2) to fractional concentration
of oxygen inspired air (FiO2) ≤300 mmHg; (d) ICU events and (e) some other complications including respiratory
failure, septic shock, and or multi organ dysfunction or failure. [4]

2.3 Statistical Analysis

The data are collected into Excel and are analyzed in R. The meta analysis for the binary outcome can be analyzed with
risk ratio in (1) fixed-effect models (Mantel–Haenszel method) or (2) random-effect models if there is any significant
heterogeneity between studies. The statistic I2 and the corresponding p-value can be used to detect the heterogeneity
issue. If there is any statistically significant heterogeneity problem for the results, then small-study effect analysis can
be conducted to determine if the heterogeneity is from different event types. The subgroup difference can be test by
random effects model with common estimate of τ2. Here we define composite outcome as the patients is progressed
serverely or dead, so we can calculate the risk ratio of the composite outcome. Then for subgroup analysis, we can
calculate the pooled risk ratio by event type (severe progression and death). Finally, the publication bias can be detected
by funnel plot and Begg and Mazumdar test.
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Figure 2: Cardiovascular Diseases and Composite Outcome

3 Results

3.1 Study Selection and Characteristics

Based on the previous searching strategy in Embase, PubMed and Gogle Scholar, total 1878 studies and 2 additional
pre-printed articles were detected firstly. After removing the duplicated papers, 818 records were used to screen by the
paper title. Then 745 papers were excluded, the rest 73 papers were used to check the full texts to see if they contain
proper data. The PRISMA Flowchart in Figure 1 is shown to describe the selection details. 45 studies are excluded
including 20 studies without non-cardiovascular data, 12 studies without original data, 7 studies without mortality data
and 6 review studies that contain repeated datasets. Finally, 28 studies included in quantitative synthesis can be used to
do meta analyze of the association between cardiovascular diseases and the death or the severe progression status on
COVID-19.
In the 28 meta data from different studies (18 for mortality, 10 for severe progression), all of them are published in
2020 with sample size ranging from 27 to 1096. The details of the data are shown in Table 1. There is no empty cell in
the table, which means the dataset is not too sparse.

3.2 Random Effects Model

Since the statistic I2 for composite outcome is 75% with p-value lower than 0.01, which indicates strong heterogeneity.
In this case, the random effect model can be used to relax the problem. From Figure 2, the cardiovascular diseases
are associated with increased composite outcome (pooled RR = 3.03 with 95% CI [2.28, 4.02]). For different event
types (severe progression and death), the results of subgroup study can be shown in Figure 3 and Figure 4. Since the
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Figure 3: Cardiovascular Diseases and Severe Progression

Figure 4: Cardiovascular Diseases and Mortality

high heterogeneity in the data (I2 = 73% for severe progression group and I2 = 76% for mortality group), the random
effect model can be used to estimate the pooled risk ratio. The random effects model can show that the cardiovascular
diseases are associated with increased mortality (pooled RR = 3.29 with 95% CI [2.18, 4.97]) and severe progression
of COVID-19 (pooled RR = 2.66 with 95% CI [1.81, 390]).

3.3 Subgroup Difference

From the previous random effects model, the heterogeneity is significant between studies. The results of random effects
model with common τ2 show that the estimated common τ2 = 0.3577. And Q∗

R = 0.31 with p-value 0.5778 > 0.05,
which indicates that there is no significant difference between the 2 subgroups by event type. However, the within-in
group difference is significant since QR = 104.89 with p-value smaller than 0.001.
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Figure 5: Funnel Plot: the larger sample size, the larger point

3.4 Publication Bias

The Funnel Plot in the Figure 5shows that the effects of cardiovascular diseases for large and small studies scatter
around a common average effect symmetrically. The results of rank correlation test (Begg and Mazumdar test) show
that the estimate of z = 1.3434, p− value = 0.1791 > 0.05. In this case, there is no significant small-study effects for
the association between cardiovascular diseases and the mortality and severe progression of COVID-19.

4 Discussion

4.1 Conclusion

From the previous meta analysis, we can conclude that cardiovascular diseases are associated with an increased risk of
severe progression and death among COVID-19 patients. This finding is consistent with the latest systematic review
with 13 studies[32]. The pooled risk ratio by random effects model is relatively higher than the previous meta analysis.
One possible reason is the increasing number of studies that can be selected into the meta analysis. In addition, there is
no significant small-study effect in this meta analysis, which indicates that this conclusion is statistically confident.
The pooled risk ratio for death group is relatively higher than the risk ratio for severe progression group, which might
suggest that the co-morbidity or historical cardiovascular diseases would influence more for death than for severe
progression of COVID-19. There is no significant subgroup difference across two event types, which means that the
heterogeneity of this meta analysis might be from clinical baseline heterogeneity or other sources.

4.2 Limitation and Future Work

Since the high heterogeneity of the study cannot be interpreted by the between group difference, more studies can be
done to detect the group difference. However, the meta analysis with 13 researches[32] has showed that there is no
heterogeneity in the study. It would indicate that the new clinical trial would cause more heterogeneity results in the
future. For further study, more studies along with other clinical characteristics are still needed to include in the meta
analysis.

6



EPI 227 PROJECT - ZHIKUAN QUAN

References

[1] Brit Long, William J Brady, Alex Koyfman, and Michael Gottlieb. Cardiovascular complications in covid-19. The
American journal of emergency medicine, 2020.

[2] Masataka Nishiga, Dao Wen Wang, Yaling Han, David B Lewis, and Joseph C Wu. Covid-19 and cardiovascular
disease: from basic mechanisms to clinical perspectives. Nature Reviews Cardiology, 17(9):543–558, 2020.

[3] Manish Bansal. Cardiovascular disease and covid-19. Diabetes & Metabolic Syndrome: Clinical Research &
Reviews, 2020.

[4] Raymond Pranata, Ian Huang, Michael Anthonius Lim, Eka Julianta Wahjoepramono, and Julius July. Impact
of cerebrovascular and cardiovascular diseases on mortality and severity of covid-19–systematic review, meta-
analysis, and meta-regression. Journal of Stroke and Cerebrovascular Diseases, page 104949, 2020.

[5] Tao Bai, Shengjin Tu, Yuan Wei, Li Xiao, Yan Jin, Lei Zhang, Jun Song, Weihua Liu, Qingjing Zhu, Ling Yang,
et al. Clinical and laboratory factors predicting the prognosis of patients with covid-19: an analysis of 127 patients
in wuhan, china. China (2/26/2020), 2020.

[6] Jianlei Cao, Wen-Jun Tu, Wenlin Cheng, Lei Yu, Ya-Kun Liu, Xiaoyong Hu, and Qiang Liu. Clinical features and
short-term outcomes of 102 patients with corona virus disease 2019 in wuhan, china. Clinical Infectious Diseases,
2020.

[7] T Chen, D Wu, H Chen, W Yan, D Yang, G Chen, et al. Clinical characteristics of 113 deceased patients with
coronavirus disease 2019: retrospective study [published online march 26, 2020]. BMJ, 2020.

[8] Yan Deng, Wei Liu, Kui Liu, Yuan-Yuan Fang, Jin Shang, Ling Zhou, Ke Wang, Fan Leng, Shuang Wei, Lei
Chen, et al. Clinical characteristics of fatal and recovered cases of coronavirus disease 2019 in wuhan, china: a
retrospective study. Chinese medical journal, 133(11):1261–1267, 2020.

[9] Lin Fu, Jun Fei, Hui-Xian Xiang, Ying Xiang, Zhu-Xia Tan, Meng-Die Li, Fang-Fang Liu, Hong-Yan Liu, Ling
Zheng, Ying Li, et al. Influence factors of death risk among covid-19 patients in wuhan, china: a hospital-based
case-cohort study. MedRxiv, 2020.

[10] Wei-jie Guan, Wen-hua Liang, Yi Zhao, Heng-rui Liang, Zi-sheng Chen, Yi-min Li, Xiao-qing Liu, Ru-chong
Chen, Chun-li Tang, Tao Wang, et al. Comorbidity and its impact on 1590 patients with covid-19 in china: A
nationwide analysis. European Respiratory Journal, 55(5), 2020.

[11] Lang Wang, Wenbo He, Xiaomei Yu, Dalong Hu, Mingwei Bao, Huafen Liu, Jiali Zhou, and Hong Jiang.
Coronavirus disease 2019 in elderly patients: Characteristics and prognostic factors based on 4-week follow-up.
Journal of Infection, 2020.

[12] Marc K Halushka and Richard S Vander Heide. Myocarditis is rare in covid-19 autopsies: Cardiovascular findings
across 277 post-mortem examinations. Cardiovascular Pathology, page 107300, 2020.

[13] Shaobo Shi, Mu Qin, Bo Shen, Yuli Cai, Tao Liu, Fan Yang, Wei Gong, Xu Liu, Jinjun Liang, Qinyan Zhao,
et al. Association of cardiac injury with mortality in hospitalized patients with covid-19 in wuhan, china. JAMA
cardiology, 2020.

[14] Shi Yu, Yu Xia, Zhao Hong, Wang Hao, Zhao Ruihong, and Sheng Jifang. Host susceptibility to severe covid-19
and establishment of a host risk score: findings of 487 cases outside wuhan. Crit. Care, 24(1):2–5, 2020.

[15] Dawei Wang, Bo Hu, Chang Hu, Fangfang Zhu, Xing Liu, Jing Zhang, Binbin Wang, Hui Xiang, Zhenshun Cheng,
Yong Xiong, et al. Clinical characteristics of 138 hospitalized patients with 2019 novel coronavirus–infected
pneumonia in wuhan, china. Jama, 323(11):1061–1069, 2020.

[16] Parag Goyal, Justin J Choi, Laura C Pinheiro, Edward J Schenck, Ruijun Chen, Assem Jabri, Michael J Satlin,
Thomas R Campion Jr, Musarrat Nahid, Joanna B Ringel, et al. Clinical characteristics of covid-19 in new york
city. New England Journal of Medicine, 2020.

[17] Zhongliang Wang, Bohan Yang, Qianwen Li, Lu Wen, and Ruiguang Zhang. Clinical features of 69 cases with
coronavirus disease 2019 in wuhan, china. Clinical infectious diseases, 2020.

[18] Chaomin Wu, Xiaoyan Chen, Yanping Cai, Xing Zhou, Sha Xu, Hanping Huang, Li Zhang, Xia Zhou, Chunling
Du, Yuye Zhang, et al. Risk factors associated with acute respiratory distress syndrome and death in patients with
coronavirus disease 2019 pneumonia in wuhan, china. JAMA internal medicine, 2020.

[19] Xiaobo Yang, Yuan Yu, Jiqian Xu, Huaqing Shu, Hong Liu, Yongran Wu, Lu Zhang, Zhui Yu, Minghao Fang,
Ting Yu, et al. Clinical course and outcomes of critically ill patients with sars-cov-2 pneumonia in wuhan, china:
a single-centered, retrospective, observational study. The Lancet Respiratory Medicine, 2020.

7



EPI 227 PROJECT - ZHIKUAN QUAN

[20] Wei Liu, Zhao-Wu Tao, Lei Wang, Ming-Li Yuan, Kui Liu, Ling Zhou, Shuang Wei, Yan Deng, Jing Liu,
Hui-Guo Liu, et al. Analysis of factors associated with disease outcomes in hospitalized patients with 2019 novel
coronavirus disease. Chinese medical journal, 2020.

[21] Fei Zhou, Ting Yu, Ronghui Du, Guohui Fan, Ying Liu, Zhibo Liu, Jie Xiang, Yeming Wang, Bin Song, Xiaoying
Gu, et al. Clinical course and risk factors for mortality of adult inpatients with covid-19 in wuhan, china: a
retrospective cohort study. The lancet, 2020.

[22] Anwar Santoso, Raymond Pranata, Arief Wibowo, Makhyan Jibril Al-Farabi, Ian Huang, and Budhi Antariksa.
Cardiac injury is associated with mortality and critically ill pneumonia in covid-19: a meta-analysis. The American
Journal of Emergency Medicine, 2020.

[23] Chaolin Huang, Yeming Wang, Xingwang Li, Lili Ren, Jianping Zhao, Yi Hu, Li Zhang, Guohui Fan, Jiuyang Xu,
Xiaoying Gu, et al. Clinical features of patients infected with 2019 novel coronavirus in wuhan, china. The lancet,
395(10223):497–506, 2020.

[24] L Chen, Q Li, Y Ling, J Zhang, W Li, X Zhang, Y Jin, L Li, Q Fu, Y Huang, et al. Clinical characteristics of
sars-cov-2 infections involving 325 hospitalized patients outside wuhan. Europe PMC, 2020.

[25] Jingyuan Liu, Yao Liu, Pan Xiang, Lin Pu, Haofeng Xiong, Chuansheng Li, Ming Zhang, Jianbo Tan, Yanli Xu,
Rui Song, et al. Neutrophil-to-lymphocyte ratio predicts critical illness patients with 2019 coronavirus disease in
the early stage. Journal of Translational Medicine, 18:1–12, 2020.

[26] Chuan Qin, Luoqi Zhou, Ziwei Hu, Shuoqi Zhang, Sheng Yang, Yu Tao, Cuihong Xie, Ke Ma, Ke Shang, Wei
Wang, et al. Dysregulation of immune response in patients with covid-19 in wuhan, china. Clinical Infectious
Diseases, 2020.

[27] Suxin Wan, Yi Xiang, Wei Fang, Yu Zheng, Boqun Li, Yanjun Hu, Chunhui Lang, Daoqiu Huang, Qiuyan Sun,
Yan Xiong, et al. Clinical features and treatment of covid-19 patients in northeast chongqing. Journal of medical
virology, 2020.

[28] Gaurav Aggarwal, Isaac Cheruiyot, Saurabh Aggarwal, Johnny Wong, Giuseppe Lippi, Carl J Lavie, Brandon M
Henry, and Fabian Sanchis-Gomar. Association of cardiovascular disease with coronavirus disease 2019 (covid-19)
severity: a meta-analysis. Current Problems in Cardiology, page 100617, 2020.

[29] Robert O Bonow, Gregg C Fonarow, Patrick T O’Gara, and Clyde W Yancy. Association of coronavirus disease
2019 (covid-19) with myocardial injury and mortality. JAMA cardiology, 2020.

[30] Guqin Zhang, Chang Hu, Linjie Luo, Fang Fang, Yongfeng Chen, Jianguo Li, Zhiyong Peng, and Huaqin Pan.
Clinical features and outcomes of 221 patients with covid-19 in wuhan, china. MedRxiv, 2020.

[31] Xinchun Zheng, Jiehua Chen, Lisi Deng, Zhaoxiong Fang, Gongqi Chen, Di Ye, Jinyu Xia, and Zhongsi Hong.
Risk factors for the covid-19 severity and its correlation with viral shedding: A retrospective cohort study. Journal
of medical virology, 2020.

[32] Paddy Ssentongo, Anna E Ssentongo, Emily S Heilbrunn, Djibril M Ba, and Vernon M Chinchilli. Association of
cardiovascular disease and 10 other pre-existing comorbidities with covid-19 mortality: A systematic review and
meta-analysis. PloS one, 15(8):e0238215, 2020.

8


	Introduction
	Method
	Search strategy and selection criteria
	Data Extraction
	Statistical Analysis

	Results
	Study Selection and Characteristics
	Random Effects Model
	Subgroup Difference
	Publication Bias

	Discussion
	Conclusion
	Limitation and Future Work


