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Background and aims: This meta-analysis aims to highlight the impact of cardio-metabolic comorbidities
on COVID-19 severity and mortality.
Methods: A thorough search on major online databases was done for studies describing the clinical
outcomes of COVID-19 patients. We used random-effects model to compute pooled estimates for critical
or fatal disease.
Results: A total of 20,475 patients from 33 eligible studies were included. Maximum risk of development
of critical or fatal COVID-19 disease was seen in patients with underlying cardiovascular disease [OR:
3.44, 95% CI: 2.65e4.48] followed by chronic lung disease, hypertension and diabetes mellitus. Of the
total cases, 64% had one of the four comorbidities with the most prevalent being hypertension with a
pooled prevalence of 27%.
Conclusions: Presence of comorbidities like cardiovascular disease, chronic lung disease, hypertension
and diabetes mellitus led to a higher risk of development of critical or fatal COVID-19 disease, with
maximum risk seen with underlying cardiovascular disease.

© 2021 Published by Elsevier Ltd on behalf of Diabetes India.
1. Introduction

Viruses of the Coronaviridae family frequently cause zoonotic
and human infections. While most of these coronavirus infections
have a mild clinical profile in immunocompetent humans, excep-
tions to this are the Severe acute respiratory syndrome coronavirus
(SARS-CoV) which caused global outbreak during 2002e2003 [1]
and the Middle East respiratory syndrome (MERS) coronavirus
(MERS-CoV) which was first identified from Saudi Arabia in 2012
[2]. Both of these caused global pandemics with the potential to
cause respiratory failure and resulting mortality. An addition to this
list is the coronavirus disease 2019 (COVID-19) caused by novel
coronavirus strain (2019-nCoV), termed as severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) which has been spreading
worldwide since its first case was reported in December 2019 from
Wuhan, China [3]. The disease manifestation is heterogenous,
ranging from mild disease to extensive pulmonary disease
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manifesting as acute respiratory distress syndrome (ARDS) which
may culminate in mortality [4]. Increasing age and/or presence of
one or more comorbidity have been found to be at associated with
increased risk for severe disease and fatality [5]. The Centre for
Disease Control (CDC) of United States has enlisted the medical
comorbidities that are associated with severe COVID-19 disease.
These include cancer, chronic kidney disease, cardiovascular con-
ditions (coronary artery disease, heart failure and/or cardiomyop-
athy), pulmonary illnesses like chronic obstructive pulmonary
disease (COPD), solid organ transplant recipients, obesity, diabetes
mellitus, pregnancy, sickle cell disease and smoking [6]. This sys-
tematic review was undertaken to establish the risk of critical
disease or mortality amongst patients with commonly encountered
comorbidities viz. hypertension, diabetes, chronic lung disease and
cardiovascular disease. This will help in identifying ‘at-risk’ in-
dividuals to predict disease progression in this subset and also
direct health resources effectively towards this patient population.
The findings of this study can be used to guide decisions in sub-
sequent waves of the pandemic and also in future pandemics.
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2. Data and methods

2.1. Search databases and search strategies

This systematic review and meta-analysis is reported in accor-
dance with the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) statement. Electronic search was
carried out in Medline (PubMed) and EMBASE database. We
selected relevant studies published online between December 2019
and October 2020. Search strategy relevant for our article was
prepared using well-defined keywords and was refined for
maximal inclusivity and appropriateness. No language restrictions
were applied. The search strategy for PubMed/MEDLINE database
was as follows: (“COVID-1900 OR “Coronavirus” OR “COVID” OR
coronavirus, sars [MeSH Terms]) AND (“Death” OR “Mortality” OR
“Fatality” OR “Outcome”) AND (“Comorbidity” OR “Comorbidities”
OR “Risk Factors” OR “Clinical Characteristics”). EMBASE database
was also included for this review with the search strategy as fol-
lows: (‘coronavirus disease 2019'/exp OR ‘coronavirus disease
20190) AND (‘death'/exp OR ‘death’ OR ‘fatality'/exp OR ‘fatality’ OR
‘mortality'/exp OR ‘mortality’) AND (‘comorbidity'/exp OR ‘comor-
bidity’ OR ‘risk factor'/exp OR ‘risk factor’) AND [humans]/lim AND
[embase]/lim AND [2019e2020]/py AND [embase]/lim NOT
([embase]/lim AND [medline]/lim). Filters were applied to exclude
studies existing in both PubMed and Embase database(s) so as to
avoid inclusion of duplicate articles. The title, abstract and relevant
full text of the all documents identified by the search criteria were
screened independently by two investigators and articles which
were meeting our inclusion criteria were finally included. A third
author resolved conflicts. We also performed a manual search of
the reference list of included studies to prevent exclusion of eligible
studies. Relevant pre-print articles were also included for
enhancing inclusiveness.
2.2. Inclusion and exclusion criteria

The inclusion criteria were as follows:
(1) cohort studies, case-control studies and case series studies;

(2) the study population included patients with laboratory
confirmed SARS-CoV-2 infection; and (3) the primary outcome
being reported as fatal or critical case (cases requiring ICU admis-
sion or developing ARDS or requiring invasive mechanical venti-
latory support or cases labelled as “severe COVID” as per local or
national classification criteria) versus non-critical case(s) amongst
patients with or without various comorbidities.

The exclusion criteria were as follows: (1) studies with a sample
size less than 20; (2) duplicate studies; (3) studies without required
information; (4) literature or systematic reviews.
Fig. 1. Flowchart of the search and selection process for the meta-analysis (PRISMA).
2.3. Data extraction

Two separate authors screened the selected studies based on the
inclusion and exclusion criteria. Studies satisfying the same were
included and data extraction was done onto predefined forms:
study characteristics (sample size, first author, publication year and
study design) and prevalence of comorbidities including diabetes
mellitus, hypertension, chronic respiratory diseases (bronchial
asthma, COPD and bronchiectasis) and cardiovascular diseases. The
clinical outcome of patients with and without underlying comor-
bidities was extracted from the full-texts. Data extraction was done
independently by two authors. Disagreements were resolved by
discussion with a third author to establish a consensus.
2

2.4. Data synthesis and statistical analysis

Definition of ‘critical case’ as one or more of the following (1)
cases requiring ICU admission; (2) cases developing ARDS; (3) cases
requiring invasive mechanical ventilation; or (4) cases labelled as
“severe COVID” as per the criteria used nationally or locally in the
institution. The primary outcome measure was taken as ‘critical
case’ or death. All data analysis was performed using STATA soft-
ware version 16.0 (Stata Corp, College Station, Texas, USA). Sum of
the fatal and critical cases was calculated for patients with and
without the above-mentioned comorbidities in each cohort and
odds ratio (OR) was computed. I2 statistic was used to determine
the degree of heterogeneity between studies and I2 > 50% was
considered as statistically significant heterogeneity [7]. A random-
effects model was used to estimate the combined effect and pre-
cision owing to statistically significant heterogeneity. Pooled
analysis was done and pooled OR with 95% confidence interval was
computed as a measure of risk of fatal or critical disease among
COVID-19 infected patients with a particular comorbidity (diabetes/
hypertension/chronic lung disease or cardiovascular disease)
versus patients with no comorbidity. Statistical significance was
considered for a p-value <0.05 for any test or model.
3. Results

The combined search of the PubMed and Embase Library data-
bases identified 2934 citations. One additional article was identi-
fied by citation search of the relevant articles. After the removal of
duplicates, the title and abstract were screened for relevance. Ar-
ticles not meeting the inclusion criteria or not providing the rele-
vant desired informationwere excluded. The full texts of remaining
articles were assessed independently in duplicate by two authors:
SS and GG. A total of 33 articles met the inclusion criteria and were
included in the synthesis. Majority of the included articles were
retrospective cohort studies, with the exception of few studies.
PRISMA guidelines were followed for the search and selection
process (Fig. 1).
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These studies included a total of 20,475 patients. Most of the
studies were reported from China since it was the initial epicentre
of the pandemic. Other studies were reported from various coun-
tries across the world including Unites States of America, Egypt,
Italy, Denmark, Poland, Spain and Iran. Data regarding the preva-
lence and clinical outcome of patients with and without these four
comorbidities (diabetes, hypertension, chronic lung disease and
cardiovascular disease) was extracted individually from these
studies.

Thirty-three studies provided the data in terms of risk of
development of severe/critical/fatal COVID-19 among patients with
four comorbidities namely diabetes, hypertension, cardiovascular
disease and chronic lung disease. Of the total cases, 64% of the
patients had one of the four comorbidities (hypertension, diabetes
mellitus, chronic lung disease or cardiovascular disease). The most
prevalent comorbidity among the patients was hypertensionwith a
pooled prevalence of 27% [95% CI: 19e35%], followed by diabetes
mellitus [14%; 95% CI: 10e18%], cardiovascular diseases [11%; 95%
CI: 7e15%] and chronic lung diseases [5%; 95% CI: 3e7%]. The het-
erogeneity test showed high heterogeneity among these studies
[I2 > 50%] owing to inclusion of heterogenous population and
varied definitions for severity, and thus a random effects model was
used for the meta-analysis to compute pooled estimates. Pooled OR
was calculated for each comorbidity as a measure of risk of devel-
opment of critical or fatal COVID-19 disease. Funnel plots for
assessing publication bias are depicted in Fig. 4.

Patients with underlying cardiovascular disease had the
maximum risk of development of critical or fatal COVID-19 disease
compared to patients without this comorbidity with a pooled OR of
3.44 [95% CI: 2.65e4.48]. This was followed by chronic lung disease
[OR: 2.96, 95% CI: 2.14e4.08], hypertension [OR: 2.51, 95% CI:
2.13e2.95] and diabetes mellitus [OR: 2.27, 95% CI: 1.87e2.74]. All
results were statistically significant. The forest plots shown (Fig. 2
and Fig. 3) depict the same findings. The data pertaining to the
various included studies is depicted in Table 1. This emphasizes the
fact that presence of all these comorbidities is associated with
significantly higher risk of critical or fatal outcome amongst COVID-
19 patients. Such patients are more likely to develop disease
Fig. 2. Forest plot depicting the relationship between (a) cardiovascular disease an
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complications with progression to ARDS, requirement of ICU
admission, mechanical ventilatory support and thus have a higher
risk of fatality from COVID-19.

4. Discussion

This study evaluated the risk of critical or fatal coronavirus
disease amongst patients with underlying comorbidities. Various
published studies describing the clinical outcome of patients
infected with SARS-CoV-2 virus were screened on major online
journal databases (PubMed and EMBASE). This was followed by
data extraction and statistical analysis to evaluate the association
between poor clinical outcome due to COVID-19 and presence of
various comorbidities. Studies were included from across the globe
and a fairly large sample size was analyzed. The four comorbidities
chosen were hypertension, diabetes mellitus, cardiovascular dis-
ease and chronic lung disease since these were the most frequently
encountered comorbidities in clinical practice.

The most prevalent comorbidity among the studied cohorts was
hypertension with a pooled prevalence of 27% [95% CI: 19e35%].
Hypertension was associated with a significantly greater risk of
critical or fatal outcome from COVID-19 with an OR of 2.51 [95% CI:
2.13e2.95]. Global estimates from 2010 suggest that as high as
31.1% of adults which translates into approximately 1.39 billion
adults worldwide [8]. The findings from the present study becomes
of paramount importance owing to the ongoing global pandemic
and the staggering prevalence of hypertension. Hypertensive pa-
tients constitute a high-risk population for severe COVID-19 illness
and should be prioritized for healthcare services in future waves of
this pandemic for greater public health impact in reduction of
mortality due to COVID-19.

Diabetes mellitus was the secondmost prevalent comorbidity in
this study with a pooled prevalence across various included studies
to be 14% [95% CI: 10e18%]. Diabetes mellitus and metabolic syn-
drome constitute a major upcoming non-communicable disease
pandemic with approximately 462 million people diagnosed with
type 2 diabetes mellitus as of data from 2017 [9]. The simultaneous
COVID-19 pandemic has given rise to “interaction” between the
d (b) chronic lung disease with the risk of critical or fatal COVID-19 disease.



Fig. 3. Forest plot depicting the relationship between (a) diabetes mellitus and (b) hypertension with the risk of critical or fatal COVID-19 disease.

Fig. 4. Funnel plots depicting publication bias.
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two pandemics of diabetes and COVID-19. The present study re-
ported that diabetic individuals had an increased risk of developing
a critical disease or dying from COVID-19 infection compared to
non-diabetic individuals. Guo et al. [10] reported that COVID-19
patients with diabetes mellitus as the sole comorbidity had a
greater risk of severe lung involvement and uncontrolled systemic
4

inflammation. In addition, levels of inflammation and coagulation-
related biomarkers such as IL-6, ferritin, C-reactive protein and D-
dimer were significantly greater in diabetic patients compared to
non-diabetics. Diabetic patients were more likely to develop in-
flammatory cytokine storm which contributed to poorer clinical
outcomes and resulting mortality. Diabetes mellitus is associated



Table 1
Details of the studies included in the meta-analysis.

Study ID Author Location Year Type of study Sample size Reference
1 Chaomin Wu et al. Wuhan 2020 Retrospective Cohort 201 [18]
2 Huang et al. Hubei 2020 Prospective Cohort 41 [19]
3 Wang et al. Wuhan 2020 Retrospective Case Series 138 [20]
4 Guan WJ et al. China 2020 Retrospective Cohort 1099 [21]
5 Lagi et al. Italy 2020 Retrospective Cohort 84 [22]
6 Zhou et al. Wuhan 2020 Retrospective Cohort 191 [23]
7 Zhang et al. Wuhan 2020 Retrospective Case Series 221 [24]
8 Li et al. Wuhan 2020 Ambispective Cohort 548 [25]
9 Cai et al. Hubei 2020 Retrospective Cohort 298 [26]
10 Nikpouraghdam et al. Iran 2020 Retrospective Cohort 2964 [27]
11 Michael GA et al. New York 2020 Retrospective Case Series 1000 [28]
12 Ishan P et al. New York 2020 Retrospective Cohort 1078 [29]
13 Yao et al. China 2020 Retrospective Cohort 108 [30]
14 Zhao XY et al. Jingzhou 2020 Retrospective Cohort 91 [31]
15 Wang D et al. Wuhan 2020 Retrospective Cohort 107 [32]
16 Guan WJ et al. China 2019 Retrospective Cohort 1590 [33]
17 Rong-Hui et al. Wuhan 2019 Prospective Cohort 179 [34]
18 Sun H et al. Wuhan 2020 Retrospective Case Control 244 [35]
19 Simone BI et al. Denmark 2020 Retrospective Cohort 175 [36]
20 Peng et al. China 2020 Retrospective Cohort 703 [37]
21 Blazej et al. Poland 2020 Retrospective Cohort 169 [38]
22 Christopher M et al. New York 2020 Prospective Cohort 2729 [39]
23 Yang et al. China 2020 Retrospective Cohort 200 [40]
24 Yu et al. Wuhan 2020 Retrospective Cohort 1464 [41]
25 Liu et al. Wuhan 2020 Cohort 1190 [42]
26 Li et al. Wuhan 2019 Retrospective Cohort 245 [43]
27 Zou et al. Wuhan 2020 Retrospective Cohort 121 [44]
28 Yan et al. China 2020 Retrospective Cohort 256 [45]
29 Dan Liu et al. Wuhan 2020 Retrospective Cohort 2044 [46]
30 Wang et al. China 2020 Retrospective 175 [47]
31 Chen et al. Wuhan 2020 Cohort 660 [48]
32 Ghweil et al. Egypt 2020 Retrospective Cohort 66 [49]
33 Perez et al. Spain 2020 Retrospective Cohort 96 [50]
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with immune dysregulation which leads to impairment of innate
and adaptive immune responses culminating in hyper-
inflammatory responses as witnessed by cytokine storm [11] [e]
[13]. The reported OR for critical or fatal disease among diabetic
patients with COVID-19 in this study was 2.27 which was statisti-
cally significant [95% CI: 1.87e2.74]. This highlights that individuals
with diabetes mellitus also constitute an “at-risk” population,
having more than two-fold higher risk of development of poor
clinical outcomes from COVID-19.

Cardiovascular disease (excluding hypertension and cerebro-
vascular disease) as a comorbidity had a pooled prevalence of 11%
[95% CI: 7e15%] in this meta-analysis and was identified as the
strongest risk factor for COVID-19 severity and death from the
same, with a 3.44-times greater risk of development of poor clinical
outcomes [OR ¼ 3.44; 95% CI: 1.96e2.77]. Cardiovascular diseases
included in this review were coronary artery disease, chronic heart
failure and congenital heart disease (cerebrovascular diseases were
excluded for the purpose of analysis and hypertension was
considered as a separate comorbidity). In addition to the high
mortality rates among patients with cardiovascular diseases
infected with SARS-CoV-2, COVID-19 can itself cause diverse car-
diovascular disorders including arrhythmias, acute coronary syn-
drome, venous thromboembolism and direct myocardial injury
[14]. These acute events can decompensate underlying heart dis-
ease and lead to worsening and progressive contractile dysfunction
[15]. There is abundant expression of ACE2 (angiotensin converting
enzyme) receptors in the heart and viral- ACE2 interaction has been
proposed as the underlying mechanism for the ‘bidirectional
interaction’ of SARS-CoV-2 with the cardiovascular system.

Chronic lung diseases included in this review were COPD,
bronchial asthma and bronchiectasis. Presence of underlying
chronic lung disease (COPD, bronchial asthma or bronchiectasis) in
5

patients with COVID-19 was associated with a nearly three-fold
greater likelihood of development of critical or fatal illness [OR:
2.96, 95% CI: 2.14e4.08]. The pooled prevalence of chronic lung
diseases was 5% [95% CI: 3e7%]. Type-1 interferon mediated im-
mune response constitute important innate response in viral res-
piratory illnesses by their direct antiviral effects, by inducing early
apoptosis and also by producing phagocytosis of virus-infected
respiratory epithelial cells resulting in enhanced viral clearance
[16]. Many asthmatic patients have been found to have inadequate
and delayed innate anti-viral immune responses to common vi-
ruses by the bronchial epithelium and alveolar macrophages,
especially interferon-mediated immune responses [17]. These
findings can be extrapolated to explain the increased risk of critical
or fatal COVID-19 disease in this population.

Previously reported reviews pertaining to risk of critical or fatal
disease were mainly confined to China which was the initial epi-
centre of the pandemic. The strength of this study was inclusion of
larger number of studies from across the globe including Unites
States of America, Egypt, Italy, Denmark, Poland, Spain, China and
Iran. The results produced are more reflective of the global picture
and accounts for regional differences, if any. However, we would
like to acknowledge certain limitations of this study. We had to use
a random effects model for analysis owing to presence of significant
heterogeneity among the included studies. Heterogeneity in the
studies resulted due to the sizeable variation in the sample size of
various studies and also in the baseline characteristics of the par-
ticipants. Second, we established a definition of ‘critical disease’ for
purpose of deciding severity of the illness. However, the disease
stratification would vary from study to study, largely dependent on
local or regional classification criteria. The threshold for ICU
admission would also differ among centres and nations and would
produce ambiguity in categorisation as “critical” vs “non-critical
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illness. Third, presence of various confounding factors such as
presence of more than one comorbidity in a single participant and
their interactionwith each other might affect the results. This study
did not account for presence of multiple comorbidities in the same
participant.

5. Conclusion

Various comorbidities like chronic cardiovascular disease,
chronic lung disease, hypertension and diabetes mellitus are risk
factors for poor clinical outcomes (development of severe disease
or death) among patients infected with COVID-19. Hypertension
was the most prevalent comorbidity and underlying cardiovascular
disease was associated with the maximum risk. This information is
useful to identify individuals at high risk of developing severe or
fatal disease so that health resources can be directed effectively
towards this subset. The findings of this study can be used to guide
decision making in subsequent waves of this pandemic and also in
future pandemics of this magnitude.
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