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Background: More than 80% of individuals in low and middle-income countries (LMICs)
are unvaccinated against coronavirus disease 2019 (COVID-19). In contrast, the greatest
burden of cardiovascular disease is seen in LMIC populations. Hypertension (HTN),
diabetes mellitus (DM), ischaemic heart disease (IHD) and myocardial injury have been
variably associated with adverse COVID-19 outcomes. A systematic comparison of their
impact on specific COVID-19 outcomes is lacking. We quantified the impact of DM, HTN,
IHD and myocardial injury on six adverse COVID-19 outcomes: death, acute respiratory
distress syndrome (ARDS), invasive mechanical ventilation (IMV), admission to intensive
care (ITUadm), acute kidney injury (AKI) and severe COVID-19 disease (SCov), in an
unvaccinated population.

Methodology: We included studies published between 15t December 2019 and 16
July 2020 with extractable data on patients >18 years of age with suspected or
confirmed SARS-CoV-2 infection. Odds ratios (OR) for the association between DM,
HTN, IHD and myocardial injury with each of six COVID-19 outcomes were measured.

Results: We included 110 studies comprising 48,809 COVID-19 patients. Myocardial
injury had the strongest association for all six adverse COVID-19 outcomes [death: OR
8.85 95% Cl (8.08-9.68), ARDS: 5.70 (4.48-7.24), IMV: 3.42 (2.92-4.01), ITUadm: 4.85
(8.94-6.05), AKI: 10.49 (6.55-16.78), SCov: 5.10 (4.26-6.05)]. HTN and DM were also
significantly associated with death, ARDS, ITUadm, AKI and SCov. There was substantial
heterogeneity in the results, partly explained by differences in age, gender, geographical
region and recruitment period.

Conclusion: COVID-19 patients with myocardial injury are at substantially greater risk of
death, severe disease and other adverse outcomes. Weaker, yet significant associations
are present in patients with HTN, DM and IHD. Quantifying these associations is

Frontiers in Cardiovascular Medicine | www.frontiersin.org 1

April 2022 | Volume 9 | Article 871151


https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/journals/cardiovascular-medicine#editorial-board
https://www.frontiersin.org/journals/cardiovascular-medicine#editorial-board
https://www.frontiersin.org/journals/cardiovascular-medicine#editorial-board
https://www.frontiersin.org/journals/cardiovascular-medicine#editorial-board
https://doi.org/10.3389/fcvm.2022.871151
http://crossmark.crossref.org/dialog/?doi=10.3389/fcvm.2022.871151&domain=pdf&date_stamp=2022-04-26
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/cardiovascular-medicine#articles
https://creativecommons.org/licenses/by/4.0/
mailto:ajay.gupta@qmul.ac.uk
https://doi.org/10.3389/fcvm.2022.871151
https://www.frontiersin.org/articles/10.3389/fcvm.2022.871151/full

Ng et al. Cardiovascular Risk Factors COVID-19 Outcomes
important for risk stratification, resource allocation and urgency in vaccinating these
populations.

Systematic Review Registration: https://www.crd.york.ac.uk/prospero/, registration
no: CRD42020201435 and CRD42020201443.

Keywords: COVID-19, cardiovascular risk factors, myocardial injury, ischaemic heart disease, diabetes,
hypertension, adverse outcomes

INTRODUCTION METHODS

The global coronavirus disease 2019 (COVID-19) pandemic
has impacted healthcare systems and economies worldwide. It
has laid bare health inequalities and magnified unequal effects
of public health measures implemented across the world, with
associated ramifications on global health. This is well-exemplified
by the global COVID-19 vaccine inequality, where only 14.4% of
individuals in low-income countries have received one dose of
COVID-19 vaccine, as of March 2022 (1).

Low and middle-income countries (LMICs) are plagued
by the difficult decision between strict non-pharmaceutical
interventions such as national lockdowns and their
socioeconomic impact, particularly on the urban poor.
Moreover, these countries suffer from increased COVID-19
associated mortality owing to insufficient healthcare resources
and poorly funded emergency response programmes (2, 3).

While high-income countries (HICs) have made significant
progress in vaccination rollout programmes, LMICs continue
to lag behind. Importantly, studies from HIC populations have
suggested the COVID-19 incidence and hospitalization rates
among unvaccinated individuals are approximately 2 and 5-
times that of vaccinated (but without a booster) individuals
respectively (4).

Multiple observational studies have shown associations
between cardiovascular (CV) risk factors such as hypertension
(HTN), diabetes mellitus (DM), previous ischaemic heart disease
(IHD), myocardial injury and outcomes such as mortality or
severe disease due to COVID-19 (SCov). Other studies have
challenged these findings, showing heterogeneous associations
between these risk factors and COVID-19 related death (5, 6).
In addition, there remains a lack of consensus on the impact
of myocardial injury and CV risk factors on other important
COVID-19 adverse outcomes such as acute respiratory distress
syndrome (ARDS), invasive mechanical ventilation (IMV) and
intensive care admission (ITUadm).

Therefore, quantifying the risk of COVID-19-related
adverse outcomes attributable to CV risk factors, IHD and
myocardial injury in unvaccinated persons is essential, not
only for patient-specific care but also for risk stratification
and planning of healthcare delivery in already stretched
LMICs. This 1is especially relevant where the greatest
burden of cardiovascular disease is amongst LMICs. In
this meta-analysis, we quantify the association between
CV risk factors, IHD and myocardial injury, and specific
adverse clinical outcomes in unvaccinated adults with
COVID-19 infection.

The protocol for this meta-analysis with pre-specified aims
and objectives was prospectively registered on PROSPERO
(CRD42020201435 and CRD42020201443). The aim of the meta-
analysis was to study the impact of pre-specified cardiovascular
risk factors (HTN, DM, previous IHD, and presence of
myocardial injury) on adverse COVID-19 outcomes [all-cause
mortality, ARDS, IMV, admission to intensive care (ITUadm),
AKI, and study-defined severe COVID-19 disease (SCoV)]. We
included studies published (in print or pre-print version) during
the early phase of the COVID-19 pandemic, prior to widespread
use of COVID-19 vaccinations.

Population Selection

We included studies that reported prevalence of pre-existing
cardiovascular risk factors in adult patients (>18 years of age)
with suspected or confirmed COVID-19 disease and any one of
the COVID-19 related adverse outcomes.

Search Strategy

We searched databases of published (MEDLINE, CINAHL,
Embase, EMCARE, British Nursing Index) and pre-print
(medRxiv) articles without language restrictions, between 1st
December 2019 and 16th July 2020. We also searched data
from the COVID-19 specific World Health Organization (WHO)
global research database. Duplicate studies were identified and
removed initially through a Mendeley folder (AT) followed by
manual de-duplication by two authors working independently
(JP and SMN). The final study list was agreed by consensus. Three
authors (JP, KM, SMN) screened references of full-text studies,
review articles and existing meta-analyses for additional studies.
Appendix A gives the full search strategy.

Selection Criteria

Studies were included if they had extractable data on (i)
patients > 18 years of age with suspected or confirmed SARS-
CoV-2 infection (COVID-19); (ii) pre-existing CV risk factors,
specifically HTN and DM, IHD, or evidence of myocardial
injury (defined as serum troponin level above the 99th percentile
upper reference limit); and (iii) COVID-19 related outcomes,
in particular all-cause mortality, ARDS, IMV, admission to
intensive care (ITUadm), AKI, and study-defined severe COVID-
19 disease (SCoV). Data from Chinese studies were translated
and extracted by JP. Studies reporting only on special populations
(e.g., dialysis patients, pregnant women, elderly patients or
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4314 records identified
through database searching:
MEDLINE 1251

CINAHL 185
Embase 1392
EMCARE 140
BNI 31 39 Additional records
MedRxiv 120 identified through screening
WHO 1195 references of reviews and

full-text articles identified.

l

1761 records after
deduplication

l

1761 records screened
against title and abstract

1569 records excluded

A 4

192 full-text articles
assessed for eligibility

82 records excluded
22 did not relate relevant comorbidity to
outcomes of interest
13 studies included patients < 18 years
3 studies did not report relevant raw data
1 study had incomplete data
41 studies selected for specific populations
»| (13 ICU, 12 severe disease, 7 deceased, 3
older than 60, 2 diabetic, 1 alive, 1 cancer,
1 elevated troponin, 1 pregnant )

v
110 studies* (48809 patients)

included in systematic review and
meta-analyses

[

v A 4 A4 l

91 Diabetes 88 Hypertension 81 IHD 49 Troponin
40 Death 37 Death 37 Death 35 Death
7 ARDS 4 ARDS 2 ARDS 9 ARDS

4 IMV 1IMV 2 IMV 12 IMV
11 ICU 10ICU 10ICU 141CU
6 AKI 3 AKI 3 AKI 7 AKI
43 Severe 41 Severe 34 Severe 18 Severe

FIGURE 1 | PRISMA flow chart of study selection. *Three studies reported different outcomes on the same cohort. Therefore, 208 patients have been excluded from
the total number of patients as they were considered to be a duplicate cohort.

Frontiers in Cardiovascular Medicine | www.frontiersin.org 3 April 2022 | Volume 9 | Article 871151


https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/cardiovascular-medicine#articles

Ng et al.

Cardiovascular Risk Factors COVID-19 Outcomes

children) were excluded (Appendix C). Case reports, case series,
review articles and meta-analyses were also excluded. Figure 1
shows the PRISMA flow chart for study selection.

Three authors (KM, JP, SMN) independently screened
all titles and abstracts, reviewed full text articles, extracted
data onto pre-specified forms and performed risk of bias
assessments. Disagreements were resolved by consensus.
Risk of bias assessment for individual studies was performed
using the Newcastle-Ottawa Scale (NOS) (Appendix D).
The quality of body of evidence for each outcome was
assessed using Grading of Recommendations, Assessment,
Development and Evaluation (GRADE) working group approach
(Appendix E).

Statistical Analysis

Associations between disease status and COVID-19 outcomes
were quantified using odds ratios (OR) which were combined
using fixed-effects meta-analysis (7). Random-effects analysis was
also performed as an alternative assessment of the impact of
heterogeneity on the analyses. Results presented were derived
from the fixed-effects model if no notable difference from the
random-effects analysis was identified. Heterogeneity around
the fixed-effects (inverse-variance weighted) average effect was
assessed using the I* statistic (8) and where larger numbers
of studies were present, fixed-effects meta-regression. Meta-
regression was used to assess the effect-modification of disease
status on COVID-19 outcomes by age, geographic region, date
of last recruitment and proportion of male participants. In
sensitivity analyses to address miscalibration of inference due to
small sample sizes, we compared meta-analysis results to those
with higher-order accuracy (9).

RESULTS

We identified 110 studies comprising 49,017 patients with
COVID-19. The full list of included and excluded studies are
detailed in Appendices B, C. As three studies reported on the
same cohort of patients, we excluded 208 individuals from the
meta-analysis, leaving 48,809 patients (Figure 1). The mean age
was 56.7 years and 57% were male. A median of three risk factors
and outcomes were reported per study. In total 20% had DM, 37%
had HTN, 10% had THD and 12% had evidence of myocardial
injury. Death and severe COVID-19 disease were the commonest
reported outcomes; overall, there were 7,150 deaths, 2,180 cases
of ARDS, 3,162 individuals needing IMV, 2,950 admissions to
intensive care, 3119 patients with AKI and 4,804 severe COVID-
19 cases. Table1 summarizes the characteristics of included
studies, categorized by risk factors.

Presence of Diabetes, Hypertension and
Ischaemic Heart Disease and COVID-19

Outcomes
Table 2 summarizes the associations between the four studied
risk factors and six outcomes of interest.

Presence of DM (40 studies, 18,979 patients, 3,791 with DM),
HTN (37 studies, 17,995 patients, 6,695 with HTN) or IHD (37

studies, 19,968 patients, 2,619 with IHD) was strongly associated
with death from COVID-19 [DM: OR 2.16 (95% confidence
interval, CI: 1.97-2.36), HTN: 2.72 (2.51-2.97) and IHD: 3.29
(3.00-3.63), respectively]. These cardiovascular risk factors were
also associated with severe COVID-19 disease (Figure 2).

Fewer studies explored the association between DM, HTN
and IHD with ARDS, IMV, ITUadm and AKI. Nevertheless, we
observed significant associations between these CV risk factors,
IHD and ITUadm as well as AKI. While DM and HTN were
significant risk factors for developing ARDS, a similar association
was not observed in patients with pre-existing IHD [OR 1.42
(0.49-4.10), p = 0.30], though only 2 studies involving 310
patients (15 with IHD) were included in this meta-analysis. Only
one study (393 patients) explored the association between HTN
and IMV, finding no significant association [OR 1.25 (0.82-
1.90)].

There was some discrepancy between the fixed-effects and
random-effect analysis of the association between IHD and
ITUadm. However, the odds ratio and confidence intervals
from the fixed-effects model are entirely within the confidence
intervals from the random-effect analysis. This would be
expected when a random-effect analysis is simply a less efficient
estimate of the same parameter or a numerically similar one
estimated by the fixed-effects analysis.

Presence of Myocardial Injury and
COVID-19 Outcomes

Forty-nine studies reported on the risks of death and other
adverse outcomes associated with the presence of myocardial
injury at baseline in patients with COVID-19. Presence of
myocardial injury was associated with all six adverse COVID-19
outcomes (Figure 2). There was a near 9-fold increase in the risk
of death [OR 8.85; (8.08-9.68)] amongst those with myocardial
injury (vs. those without) in 35 studies including 21,707 patients,
where 5,225 had myocardial injury and 2,197 patients died. In
a meta-analysis of 7 studies comprising 1,777 patients, those
with myocardial injury had more than 10-fold increased risk of
AKI [OR 10.5; (6.55-16.8)]. Similarly, myocardial injury was also
associated with ARDS [OR 5.70; (4.48-7.24)], IMV [3.42; (2.91-
4.01)], ITUadm [4.85; (3.93-6.05)] and SCov [OR 5.10 (4.26—
6.05)]. Apart from the association between myocardial injury
and acute kidney injury, there was substantial heterogeneity in
association between studies for all other outcomes (10).

The mean NOS score for all studies combined was 6.95,
indicating that they were of satisfactory quality (Appendix D).
Moderate to substantial heterogeneity was observed in the
majority of meta-analyses. Only four meta-analyses had
insignificant heterogeneity (I < 10%), all with small numbers of
included studies.

We performed a meta-regression to assess the effect
modification by age, gender, publication date and geographic
region, on the association of cardiovascular risk factors and
myocardial injury on death and severe COVID-19 disease.
Overall, advanced age, studies conducted in Asia and male
gender showed stronger association between cardiovascular risk
factors, ischaemic heart disease and myocardial injury with
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TABLE 1 | Characteristics of included studies reporting COVID-19 related outcomes, categorized by risk factors.

Outcome by risk Number of Total number of N patients with N patients with Mean age Male no. (%) Region of study N patients with % of patients
factor studies patients risk factor* No. outcome** risk factor and exposed to risk
(%) No. (%) outcome factor reaching
No. (%) outcome
Death
Diabetes mellitus 40 18,979 3,791 (20) 3,194 (17) 60 61 24 Asia, 11 984 (5) 26
Europe, 5 USA
Hypertension 37 17,995 6,695 (37) 3,063 (17) 59.1 60 22 Asia, 10 1,698 (9) 25
Europe, 5 USA
Ischaemic heart 37 19,968 2,619 (13) 3,521 (18) 60.3 60 21 Asia, 11 928 (5) 35
disease Europe, 5 USA
Myocardial injury 35 21,707 5,225 (24) 3,259 (15) 58.2 54 26 Asia, 5 Europe, 2,197 (10) 42
4 USA
ARDS
Diabetes mellitus 1,428 257 (18) 404 (28) 57 750 (53) 6 Asia, 1 Europe 112 (8) 44
Hypertension 476 154 (32) 172 (36) 56.5 287 (60) 3 Asia, 1 Europe 65 (14) 42
Ischaemic heart 310 15 (5) 137 (44) 53 187 (60) 2 Asia 8(3) 53
disease
Myocardial injury 9 2,189 584 (27) 615 (28) 57.8 1,128 (52) 6 Asia, 2 Europe, 348 (16) 60
1 USA
IMV
Diabetes mellitus 4 1,345 275 (20) 214 (16) 58.7 1,376 (52) 3 Asia, 1 USA 65 (5) 24
Hypertension 1 393 197 (50) 130 (33) 61.5 238 (61) 1 USA 70 (18) 36
Ischaemic heart 2 8,831 777 (9) 689 (8) 59.6 4,782 (54) 2 USA 109 (1) 14
disease
Myocardial injury 12 10,424 2,796 (26) 836 (8) 57.3 5,625 (54) 9 Asia, 1 Europe, 5583 (5) 20
2 USA
ITU
Diabetes mellitus 11 2,487 482 (19) 432 (17) 56.9 1,376 (55) 7 Asia, 3 Europe, 133 (5) 28
1 USA
Hypertension 10 1,891 761 (40) 394 (21) 57.2 1,089 (58) 6 Asia, 3 Europe, 211 (11) 28
1 USA
Ischaemic heart 10 1,891 259 (14) 394 (21) 57.2 1,089 (58) 6 Asia, 3 Europe, 63 (3) 24
disease 1 USA
Myocardial injury 14 2,753 698 (25) 644 (23) 56 1,487 (54) 9 Asia, 4 Europe, 309 (11) 44
1 USA
AKI
Diabetes mellitus 7,018 2,124 (30) 2,205 (31) 59.6 4,081 (58) 4 Asia, 2 USA 914 (13) 43
Hypertension 6,066 3,332 (55) 2,140 (35) 61.5 3,618 (60) 1 Asia, 2 USA 1,419 (23) 43
(Continued)
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TABLE 1 | Continued

Outcome by risk Number of Total number of N patients with N patients with Mean age Male No. (%) Region of Study N patients with % of patients
factor studies patients risk factor* No. outcome** risk factor and exposed to risk

(%) No. (%) outcome factor reaching

No. (%) outcome
Ischaemic heart 3 6,066 673 (11) 2,140 (35) 61.5 3,618 (60) 1 Asia, 2 USA 318 (5) 47
disease
Myocardial injury 7 1,777 410 (23) 153 (9) 57.4 914 (51) 5 Asia, 1 Europe, 113 (6) 28
1 USA

Severe disease
Diabetes mellitus 43 11,495 2,171 (19) 3,444 (30) 52.3 6,215 (54) 41 Asia, 2 USA 959 (8) 44
Hypertension 41 10,653 3,774 (35) 3,206 (30) 50.8 5,800 (54) 39 Asia, 2 USA 1,602 (15) 42
Ischaemic heart 34 10,149 1,325 (13) 3,001 (30) 53.3 5,531 (54) 32 Asia, 2 USA 644 (6) 48
disease
Myocardial injury 18 4,731 925 (20) 1,461 (31) 53.2 2,456 (52) 16 USA, 1 Europe, 549 (12) 59

1 USA

"Risk factors are defined as presence of diabetes, hypertension, ischaemic heart disease or myocardial injury. ARDS, acute respiratory distress syndrome; IMV, invasive mechanical ventilation; ITU, admission to intensive care; AKI, acute
kidney injury. " Total number of patients with specific outcomes presented in this table include only studies which reported outcomes according to risk factors of interest. Reported outcomes that were not explicitly associated with risk
factors are not included in this table. Therefore, these numbers may not reflect the total number of adverse COVID-19 outcomes in all included studies.

TABLE 2 | Odds Ratio [Confidence Intervals] for COVID-19 adverse outcomes according to risk exposure.

COVID-19 adverse outcome Odds ratio [95% confidence interval]

Risk Death p-value 2 ARDS p-value P IMV p-value ? ITU p-value 2 AKI p-value 12 Severe p-value 12
exposure Disease
Diabetes 2.15 <0.001 68.6 2.48 <0.001 43.9 1.77 0.0014 66.3 1.65] <0.001 60.1 1.84 <0.001 0.0 1.80 <0.001 48.0
melitus [1.97, [1.82, [1.25, 1.26, [1.65, [1.63,
2.36] 3.32] 2.51] 2.16) 2.05] 1.99]
Hypertension 2.72 <0.001 67.8 1.68 0.025 0.0 1.24 0.30 N/A 1.55 <0.001 66.3 1.90 <0.001 88.5 214 <0.001 73.4
[2.51, [1.07, [0.82, [1.20, [1.70, [1.93,
2.97] 2.63] 1.90] 1.99] 2.12] 2.34]
Ischaemic 3.29 <0.001 51.2 1.42 0.49 71 1.99 <0.001 0.0 1.51 0.024 69.3 1.75 <0.001 37.6 2.20 <0.001 40.2
heart [3.00, [0.49, [1.58, [1.05, [1.49, [1.93,
disease 3.63] 4.10] 2.48] 2.16] 2.05] 2,51]
Myocardial 8.85 <0.001 771 5.70 <0.001 82.7 3.42 <0.001 70.1 4.85 <0.001 75.7 10.49 <0.001 10.8 5.10 <0.001 73.5
injury 8.08, [4.48, [2.92, [3.94, [6.55, [4.26,
9.68] 7.04] 4.01] 6.05] 16.78] 6.05]

ARDS, acute respiratory distress syndrome; IMV, invasive mechanical ventilation; ITU, admission to intensive care; AKI, acute kidney injury.
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the COVID-19 outcomes of interest. Gender did not appear
to affect the association between myocardial injury and death
whereas age did not modify the association between myocardial
injury and COVID-19 disease severity. All four modifiers also
partly accounted for the observed heterogeneity between studies.
Importantly, the GRADE assessment shows low to moderate
levels of certainty for associations studied (Appendix E). We
did not identify apparent publication bias in our meta-analyses
(Appendix F).

DISCUSSION

The co-existence of HTN, DM, IHD and/or myocardial injury
among patients with COVID-19 has been considered to be a
harbinger of adverse clinical outcomes. By undertaking this meta-
analysis, we confirmed a significant association between four
risk factors (HTN, DM, IHD and myocardial injury) and six
important adverse COVID-19 outcomes: death, ARDS, IMYV,
ITUadm, AKI and SCoV. Furthermore, we demonstrated the
differential impact of these risk factors on individual COVID-19
outcomes, with myocardial injury emerging as the most adverse
indicator of all. These findings may be considered when risk-
stratifying unvaccinated patients and unexposed individuals for
potential of severe unfavorable outcomes of COVID-19, as well
as prioritization of vaccination rollout programmes.

It is worth reviewing the pathogenesis of COVID-19 disease to
better understand the detrimental effects of cardiovascular risk
factors and myocardial injury on COVID-19 related outcomes.
Entry of SARS-CoV-2 into host cells relies on the surface
glycoprotein, spike (S) protein, which has a receptor-binding
domain (RBD) mediating direct contact with angiotensin-
converting enzyme 2 (ACE2). In addition, the betacoronavirus
also contains an S1/S2 polybasic cleavage site that is cleaved
by cellular transmembrane protease serine 2 (TMPRSS2) and
cathepsin L, which further facilitate viral entry. Whilst the
predominant tissue tropism of SARS-CoV-2 is that of the
alveolar epithelial cells, ACE2 is widely expressed in other
organs such as the gastrointestinal tract, myocardium, kidneys
and vascular endothelial cells (11). The latter likely contributes
to the extrapulmonary manifestations commonly seen in
severe COVID-19 disease. Viral replication within alveolar
pneumocytes results in the activation of immune cells and
release of inflammatory cytokines resulting in a cytokine storm.
This is further exacerbated by the downregulation of ACE2
on cell surface membranes, which have a lung-protective and
anti-inflammatory effect via the PIP3/Akt signaling pathway.
Opverall, the propagation of pro-inflammatory cytokine release
accelerates clinical deterioration resulting in severe respiratory
complications such as ARDS and multiorgan dysfunction (12).

Cardiovascular Risk Factors, IHD and

COVID-19 Outcomes

Pre-existing DM, HTN and IHD were associated with a higher
risk of death and severe COVID-19 disease in our meta-analysis,
each comprising data from more than 30 studies. These findings
concur with pre-existing studies showing worse COVID-19
outcomes in patients with DM and HTN. We further quantified

risks of developing specific COVID-19 adverse outcomes, namely
death, ARDS, IMV, ITUadm, SCov and AKI in patients with
these co-morbidities.

Whilst patients with DM were at an increased risk of
developing all six adverse outcomes, the strongest association was
seen between DM and the development of ARDS. The pathogenic
mechanism underlying severe respiratory complications in
patients with DM and COVID-19 is speculated to be due
to alveolar-capillary microangiopathy and interstitial fibrosis,
resulting from overactive pro-inflammatory pathways and
vascular inflammation. A proposed key player to the ongoing
inflammation and endothelial damage in DM is interleukin-6 (IL-
6), a pro-inflammatory cytokine suggested as a severity predictor
of lung disease in DM (13, 14). These pathophysiological changes
have previously been associated with obstructive and restrictive
lung pathology in patients with DM.

The development of a cytokine storm in patients with severe
COVID-19 is well-described (15). Previous studies have found
elevated levels of IL-6 in COVID-19 patients, which were
independent predictors of COVID-19 disease severity (16). Thus,
itis plausible that increased oxidative stress resulting from higher
IL-6 levels can lead to rapid progression of microvascular and
macrovascular complications in DM patients with pre-existing
low-grade vascular inflammation, resulting in increased risk of
ARDS and COVID-19 mortality in this cohort (17). This, in
part, may account for the observed beneficial effects of IL-6
inhibitor, tocilizumab in hospitalized patients with COVID-19.
One could extrapolate the increased odds of IMV and ITUadm in
patients with DM and COVID-19 to be due to the requirement
for respiratory support in context of ARDS. In addition, multi-
organ dysfunction as a consequence of a cytokine storm in
DM may contribute further to the need for organ support in
intensive care units, especially considering the increased risk for
myocardial injury and AKI in patients with DM and SARS-CoV-
2 infection. The pre-existing low-grade inflammation coupled
with dysregulated immunomodulation in DM patients raises the
question of whether a lower threshold or earlier use of IL-6
inhibitors should be considered in this at-risk cohort.

Similarly, patients with pre-existing HTN are at increased
odds of COVID-19 related death, SCov and AKI. This may reflect
the interlink between SARS-CoV-2 cell entry via angiotensin
converting enzyme 2 (ACE2) binding, the renin-angiotensin-
aldosterone system (RAAS) and the ubiquity of ACE2 in
multiple organs including the lungs, myocardium, kidneys
and gastrointestinal tract. Chronic mechanical stress on the
vascular wall as a result of increased intraluminal pressure
in hypertension leads to endothelial dysfunction, release of
reactive oxygen species and a pro-coagulant state. In conjunction
with RAAS dysfunction following SARS-CoV-2 infection, this
facilitates a pro-inflammatory state, cytokine release syndrome
and progression to multi-organ involvement in COVID-19
resulting in more severe disease and adverse outcomes (18).

Whilst also at increased odds of respiratory complications
such as ARDS and requirement for IMV, patients with
HTN and COVID-19 appear to be at a lower risk of these
complications when compared to DM patients. Here, it may
be worth raising whether there is a protective role of regular
antihypertensives such as ACE-inhibitors and angiotensin
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FIGURE 2 | Summary of evidence.

receptor blockers (ARB). The reduction in angiotensin-2 levels
and suppression of angiotensin-2 binding to angiotensin-I
receptors (AT1R) by ACE-inhibitors and ARBs, respectively,
may in fact prevent the downstream pro-inflammatory and
vasoconstrictive effects of angiotensin-2, lowering the risk of

respiratory complications such as ARDS. Indeed, large cohort-
based population studies have suggested a protective effect of
ACE-inhibitors and ARBs (as compared to calcium channel
blockers) against SCoV, death and IMV in patients with
hypertension (19).
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Another commonly raised question is whether optimal
glycaemic control in DM or blood pressure management in
HTN have a protective role against adverse COVID-19 outcomes.
Certainly, infection with SARS-CoV-2 leads to dysregulated
glucose metabolism that can result in elevated IL-6 levels as
compared to normoglycaemic patients. Optimal glucose control
significantly lowers levels of pro-inflammatory cytokines with
improved outcomes in COVID-19 patients with or without
diabetes (20). Further studies have also demonstrated adverse
effects of hyperglycaemia on COVID-19 outcomes and reduction
in the effectiveness of tocilizumab in patients with COVID-
19 and hyperglycaemia (21). What remains unclear is whether
prior glycaemic control in patients with known diabetes affect
outcomes in COVID-19. Population-based studies in the UK
have shown an increased risk of COVID-19 mortality with higher
glycated hemoglobin (HbAlc) levels (22). This is in contrast
to hospital-based cohort studies that have not demonstrated
an association between prior glycaemic control with COVID-
19-related mortality or invasive mechanical ventilation (23).
In our opinion, the increased risk of COVID-19 adverse
outcomes in patients with DM are likely reflective of the
associated chronic end-organ microvascular and macrovascular
complications exacerbated by acute infective sequelae such as
increased insulin resistance and an exaggerated inflammatory
response. The potential role of antidiabetic medications such
as dipeptidylpeptidase-4 (DPP4) inhibitors and glucagon-like
peptide 1 (GLP-1) analogs for optimal glycaemic control and
their anti-inflammatory properties should be explored in both the
acute and chronic stages of COVID-19 infection.

Whilst one may assume patients with poorly controlled blood
pressure to be at increased risk of adverse COVID-19 outcomes,
this was interestingly not the case in a large observational
study of more than 45,000 symptomatic COVID-19 patients
with hypertension. Sheppard et al. (24) observed that patients
with recent uncontrolled blood pressure had lower odds of
COVID-19 related mortality as compared to patients with well-
controlled blood pressure. This may suggest a greater role of
chronic hypertensive end-organ damage as risk factors for worse
COVID-19 outcome.

Importantly, it is worth remembering that many patients have
more than one of these studied risk factors. The combined effect
of DM and HTN, as well as other components of the “metabolic
syndrome” such as dyslipidaemia and obesity is likely greater
than its individual components with regards to increased odds of
adverse COVID-19 outcome, as demonstrated in specific meta-
analyses studying the risk of metabolic syndrome on SCov and
death (25). Other comorbidities beyond CV risk factors may
play a significant role in adverse COVID-19 outcomes also,
as suggested through a prior meta-analysis finding association
between cerebrovascular disease and chronic liver disease with
IMV in COVID-19 (26).

Myocardial Injury and COVID-19 Outcomes
Of the four studied risk predictors, myocardial injury had the
strongest association with all six adverse COVID-19 outcomes.
One could argue this may be a marker of multi-organ
involvement and disease severity, rather than a direct pathogenic

mechanism. Also, pre-existing cardiovascular diseases such as
HTN and IHD increase odds of developing myocardial injury
in context of COVID-19 disease (27). Autopsy studies have also
suggested an upregulation of ACE2 expression in cardiomyocytes
of patients with DM, increasing susceptibility to SARS-CoV-
2 entry and myocardial injury in this patient cohort (28). As
such, it is not be unreasonable to assume that myocardial injury,
as indicated by raised serum troponin levels may simply be a
surrogate to the increased odds of adverse COVID-19 outcomes
in patients with DM, HTN and IHD. However, Shi et al. (29) and
Chen et al. (30) have previously demonstrated that myocardial
injury is an independent predictor of mortality in COVID-19.
Subsequent multivariable analyses by Wang et al. (31) however
showed that this association was only significant on univariate
analysis. To date, it remains unclear whether myocardial injury
represents a cause or consequence of severe COVID-19 disease.

In our study, we found that 67% (2,197/3,259) of the deceased
patients had evidence of myocardial injury, which was associated
with a near 9-fold increased odds of COVID-19 related death.
Further, our study explores the association between myocardial
injury and AKI, demonstrating patients with COVID-19 and
myocardial injury are at 10-fold increased odds of developing
AKI. 28% of patients with myocardial injury developed AKI as
compared to 2.4% of patients without myocardial injury.

The exact mechanism linking myocardial injury with ARDS
and AKI in COVID-19 infection is poorly understood. Several
hypotheses include a bystander process with cytokine storm and
hyperinflammation in severe COVID-19 disease as the driver
of multi-organ involvement, endothelial damage and thrombo-
inflammation secondary to ACE2-mediated entry of SARS-CoV-
2 into endothelial cells of multiple vascular beds and right
ventricular dysfunction secondary to increased afterload from
raised pulmonary artery pressures in ARDS, thereby causing
dysregulated renal blood flow (32, 33).

Strengths and Limitations

Our meta-analysis pools data from studies across the world
and focuses on COVID-19 outcomes in the early phase of
the pandemic, before effective evidence-based treatments and
vaccines were commonplace. The geographical diversity of
included studies overcomes concerns regarding generalisability
of earlier meta-analyses, while avoiding biases introduced by
novel therapies and vaccines in later stages of the pandemic.
Our meta-analysis comprehensively explores the multiple
associations between CV risk factors, IHD and myocardial injury
with specific COVID-19 outcomes and complications such as
AKI and ARDS alongside more commonly reported outcomes
such as mortality and IMV.

The generalisability of findings from our meta-analysis was
enhanced by not setting language restrictions in our search
strategy and by including studies from conventional as well
as novel databases (e.g., medRxiv and the WHO COVID-19
database). Moreover, risk of bias was minimized by excluding
studies involving specific population cohorts or pre-selected
COVID-19 outcomes. By undertaking meta-regression analyses,
we were able to explore sources of heterogeneity including age,
gender, study recruitment date and geographic region.
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Our study has several limitations. Firstly, it is limited in
its scope, focusing on outcomes of COVID-19 in a relatively
unexposed population in the immediate months following
its initial outbreak. Its applicability to populations with high
vaccination or herd immunity rates may be limited. Indeed,
the emergence of variants with significant mutations affecting
virulence features such as transmissibility and pathogenesis may
alter aspects of the natural history of COVID-19. At the same
time, variants could affect effectiveness of current vaccines (34).
In order to delineate the associations between cardiometabolic
risk factors and myocardial injury with significant outcomes
of COVID-19, we focused on the pre-vaccine phase of the
pandemic when rates of adverse outcomes were high and
bias arising from access to treatments and vaccines was
comparably less pronounced. A necessary trade-off limiting
broader applicability to vaccinated populations and potential
future variants was accepted.

In addition, the majority of included studies explored
adverse outcomes in hospitalized COVID-19 patients. This
introduces an inherent selection bias as patients presenting
with mild symptoms were likely excluded. Unvaccinated, non-
hospitalized individuals with mild COVID-19 symptoms remain
an important cohort to study, particularly with the changing
trends of disease severity with different SARS-CoV-2 variants.

As our meta-analysis focused specifically on the pre-
vaccination phase of the pandemic, we are unable to comment
on the association between DM, HTN, IHD and myocardial
injury with biomarkers of disease severity including coagulation
indicators such as fibrinogen degradation products, prothrombin
time, D-dimer and platelets, as these were infrequently reported
in earlier studies included. Indeed, the pro-coagulation state in
COVID-19 disease is now well-recognized and biomarkers such
as D-dimer are used to guide routine use of anticoagulants in
COVID-19 patients (35). Whilst findings from the REMAP-
CAP trial have not shown a protective effect of antiplatelets in
patients with critically-ill patients with COVID-19, it would be
interesting to further stratify whether empirical antiplatelet and
anticoagulant therapy in patients with different risk profiles (e.g.,
DM vs. non-DM) will improve overall outcomes (36).

The inclusion of studies conducted at different centers
across geographical regions also results in considerable between-
study heterogeneity. This could be due to multiple reasons
including different sociodemographic factors, varying definitions
of outcomes (e.g., ARDS, severe COVID-19 disease) and
variations in clinical practice between the countries (we therefore
assessed for the effect of geographical variation through meta-
regression). For outcomes with fewer studies (ARDS, IMV and
AKT), the level of certainty of evidence is low owing to the small
study size and wide confidence intervals, limiting the veracity of
these findings.

Notwithstanding the above limitations, our meta-analysis
quantifies the excess risk of adverse COVID-19 outcomes
in unvaccinated patients with pre-existing CV risk factors,
IHD and myocardial injury. In addition, we demonstrate
the differential impact of these factors on six important
adverse COVID-19 outcomes. Our findings will help inform
clinicians, policymakers and patients in terms of risk prediction,

stratification and resource allocation. Our meta-analysis
contributes to the expanding body of evidence reporting on
risk factors for poor COVID-19 outcomes, which could inform
public health advice regarding social isolation guidelines
and vaccine prioritization strategies, especially relevant
for LMICs.

Future studies evaluating the altered impact of cardiovascular
risk factors such as HTN, DM and IHD on COVID-19 outcomes
in a post-vaccination population are required. In addition,
the immunogenicity of different COVID-19 vaccines in these
patient groups remain poorly elucidated and should be better
characterized to guide design of vaccination programmes and
choice of vaccine.

CONCLUSION

In summary, our meta-analysis demonstrates a significant
association between myocardial injury and adverse clinical
outcomes in COVID-19 patients. To alesser extent, we also found
that DM, HTN and IHD predict poorer outcomes, especially for
death and severe disease. These findings provide comprehensive
quantitative data that can be used in risk prediction and risk
stratification by clinicians as well as policymakers. It also provides
the underpinning evidence for the vaccination policies targeting
vulnerable patients.
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