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Abstract

Background Hospitalised COVID-19 patients with
underlying cardiovascular disease (CVD) and car-
diovascular risk factors appear to be at risk of poor
outcome. It is unknown if these patients should be
considered a vulnerable group in healthcare delivery
and healthcare recommendations during the COVID-
19 pandemic.

Methods A systematic literature search was performed
to answer the following question: In which hospi-
talised patients with proven COVID-19 and with un-
derlying CVD and cardiovascular risk factors should
doctors be alert to a poor outcome? Relevant out-
come measures were mortality and intensive care
unit admission. Medline and Embase databases were
searched using relevant search terms until 9 June
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2020. After systematic analysis, 8 studies were in-
cluded.

Results Based on the literature search, there was
insufficient evidence that CVD and cardiovascular
risk factors are significant predictors of mortality and
poor outcome in hospitalised patients with COVID-
19. Due to differences in methodology, the level of
evidence of all studies was graded ‘very low’ accord-
ing to the Grading Recommendations Assessment,
Development and Evaluation methodology. It is ex-
pected that in the near future, two multinational and
multicentre European registries (CAPACITY-COVID
and LEOSS) will offer more insight into outcome in
COVID-19 patients.

Conclusion This literature review demonstrated there
was insufficient evidence to identify CVD and cardio-
vascular risk factors as important predictors of poor
outcome in hospitalised COVID-19 patients. However,
patients with CVD and cardiovascular risk factors re-
main vulnerable to infectious disease outbreaks. As
such, governmental and public health COVID-19 rec-
ommendations for vulnerable groups apply to these
patients.

Keywords COVID-19 - Cardiovascular risk -
Cardiovascular disease - Outcome

Clinical question

In which hospitalised patients with proven COVID-19
and with underlying cardiovascular disease and cardio-
vascular risk factors should doctors be alert to a poor
outcome?

Introduction

Hospitalised COVID-19 patients with pre-existing car-
diovascular disease (CVD) and risk factors for CVD
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seem to have a worse outcome. CVD risk factors ap-
pear to affect the immune function and thus relate
indirectly to the prognosis in COVID-19 patients [1,
2]. Identifying COVID-19 patients at risk of worse
outcome can tailor healthcare delivery and health-
care measures such as vaccination policy. It can also
increase patient awareness regarding risk factors for
COVID-19.

Methods

A review of the literature was performed to answer
the following question: Which independent prognos-
tic factors (cardiovascular risk factors or CVD) strongly
predict a poor outcome of COVID-19, independent of
other factors? This question was structured in PICO
format.
Population:
Intervention:

All patients with proven COVID-19
Presence of one of the following prog-
nostic factors: cardiovascular risk
factors such as smoking, obesity, hy-
percholesterolaemia, hypertension,
diabetes mellitus (insulin resistance,
non-alcoholic steatohepatitis), CVD,
cardiovascular history (arrhythmias,
coronary artery disease, heart failure,
valvular heart disease)

Absence of the prognostic factors
Mortality (crucial), intensive care unit
(ICU) admission (crucial), hospital
admission, length of stay, throm-
boembolic complications (pulmonary
embolism, stroke, transient ischaemic
attack)

Admission to hospital, admission to
ICU, during hospital stay, at home
In-hospital, pre-hospital

Age

Comparison:
Outcome:

Timing:

Setting:
Confounder:

Relevant outcome measures

Mortality and ICU admission were considered critical
outcome measures for decision-making, whereas the
other outcome measures were considered important
outcome measures. Definitions of outcome measures
from the studies were used. Minimal clinically rele-
vant differences for the outcome measures were not
defined.

Search and select

The databases Medline (via Ovid) and Embase (via
www.embase.com) were searched using relevant
search terms until 9 June 2020. The systematic lit-
erature search resulted in 567 hits (see Table S1 in
the Electronic Supplementary Material for search
strategy). We did not find any studies investigating
the impact of a multivariable cardiovascular prog-
nostic model. Studies developing and/or validat-

ing a multivariable prognostic model were selected
based on the following criteria: systematic review,
randomised controlled trial or observational study
(cohort study) assessing the longitudinal relation be-
tween cardiovascular risk factors (smoking, obesity,
hypercholesterolaemia, hypertension, diabetes mel-
litus), CVD and cardiovascular history (measured at
hospital admission/during hospital stay) with mor-
tality, ICU admission, hospital admission, length of
stay, thromboembolic complications (measured at
endpoint) in patients with proven COVID-19. Age was
considered a confounder that had to be included in
the multivariable models.

Initially, 45 studies were selected based on title and
abstract screening. After reading the full text, 37 stud-
ies were excluded (excluded studies are listed in Ta-
ble S2 in the Electronic Supplementary Material), re-
sulting in the inclusion of 8 studies in the literature
review. A brief overview of study characteristics of the
included studies is shown in Tab. 1. The assessment of
the risk of bias is summarised in the risk of bias table
(see Table S3 in the Electronic Supplementary Mate-
rial). In many studies, populations, measurement of
factors and selection methods of factors were not well
described.

The level of evidence was assessed according to
the Grading Recommendations Assessment, Develop-
ment and Evaluation (GRADE) methodology (www.
gradeworkinggroup.org).

Description of studies

Chen [3], Giacomelli [4] and Wang [5] assessed candi-
date factors during hospital stay and mortality as end-
point. Cummings [6], Gao [7], Klang [8] and Palaiodi-
mos [9] assessed candidate factors during hospital
stay and in-hospital mortality as endpoint. Petrilli
[10] assessed candidate factors during hospital stay
and discharge to hospice or death among those pa-
tients admitted to hospital as endpoint. Multivari-
able models showing associations between predefined
candidate prognostic factors and outcome were re-
ported. Only Chen [3] internally validated the risk
factors by establishing a nomogram based on the re-
sults of the multivariate analysis. It was decided to
include non-validated studies in the literature review
for this outcome as well, as risk of bias was moderate
in the study by Chen.

Results

All studies described models predicting mortality.
Only Petrilli [10] also reported on a model predicting
hospital admission. Tab. 2 shows the 8 model designs.
The selected studies did not report on the prespecified
outcome measures ICU admission, in-hospital length
of stay and thromboembolic complications. There-
fore, apart from mortality, other outcomes cannot be
described.
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Table 1

Study (first
author name,
reference)

Chen [3]

Cummings [6]

Gao [7]

Giacomelli [4]

Klang [8]

Palaiodimos [9]

Petrilli [10]

Wang [5]

Population

Hospitalised
COVID-19 patients,
575 hospitals,
China

Hospitalised
COVID-19 patients
(=18 years), criti-
cally ill with acute
hypoxaemic res-
piratory failure,

2 hospitals, USA

Hospitalised
COVID-19 patients,
1 hospital, China

Hospitalised
COVID-19 patients
(=18 years), 1 hos-
pital, Italy

Hospitalised
COVID-19 patients
(=18 years), 5 hos-
pitals, USA

Hospitalised
COVID-19 patients,
1 hospital, USA

Admitted to hospital
and non-admitted
COVID-19 patients,
>260 outpatient
office sites and 4
acute care hospi-
tals, USA

Hospitalised
COVID-19 patients
(>60 years), 1 hos-
pital, China

Study characteristics of included studies

N Age in years;
median (IQR)
1590 Not reported
257 62 (51-72)
2877 Not reported
for total group
233 61 (50-72)
3406 Not reported
for total group
200 64 (50-73.5)
5279 Tested pop-
(2441 ulation: 54
admit-  (38-66);
tedto  admitted pop-
hospital) ulation: 63
(51-74)
339 69 (65-76)

Inclusion period

Admission to hospital
until 31 Jan 2020

(time of admission to
hospital not reported)

Admission to hospital
between 2 Mar-1 Apr
2020; candidate fac-
tors measured during
hospital stay (col-
lected from medical
records)

Admission to hospital
between 5 Feb-15
Mar 2020; candidate
factors measured
during hospital stay
(collected from medi-
cal records)

Admission to hos-
pital between

21 Feb—19 Mar
2020; candidate fac-
tors measured during
hospital stay (col-
lected from medical
records)

Admission to hos-
pital between

1 Mar—17 May 2020;
candidate factors
measured during
hospital stay (col-
lected from medical
records)

Admission to hospital
between 9-22 Mar
2020; candidate fac-
tors measured during
hospital stay (col-
lected from medical
records)

Patients tested be-
tween 1 Mar—8 Apr
2020; candidate fac-
tors measured during
hospital stay (col-
lected from medical
records)

Admission to hospital
between 1 Jan—6 Feb
2020; candidate fac-
tors measured during
hospital stay (col-
lected from medical
records)

Follow-up

Not reported

28 Apr 2020

1 Apr 2020

20 Apr 2020

Not reported

3-weeks
follow-up:
12 Apr 2020

5 May 2020

4 weeks from
last admission

Method

Multivariate Cox regression model;
included prognostic factors selected
based on univariable analyses;
nomogram developed based on
backward step-down selection

Multivariate Cox regression model;
included prognostic factors consid-
ered relevant to in-hospital mortality
by the authors

Multivariable Cox proportional haz-
ards model; reason of selection of
included prognostic factors in multi-
variable model not described

Multivariable Cox proportional haz-
ards model; included prognostic
factors selected based on univariable
analyses

Multivariable logistic regression
model, adjusted for age decile, male
sex, CAD, CHF, hypertension, DM,
hyperlipidaemia, CKD, history of can-
cer, smoking (past or present), BMI
30-40kg/m?, BMI >40kg/m? and
race; included prognostic factors se-
lected based on univariable analyses;
no validation reported

Multivariate logistic regression
model; 3 models used (model 1:
BMI and age; model 2: all variables
with significant univariate associa-
tions; model 3: variables of model 2
plus clinically significant variables
that did not show a significant uni-
variate association); no validation
reported

Multivariable logistic regression
model; predictors selected based
on published literature and authors’
clinical experience with COVID-19
patients

Multivariate Cox regression model;
included prognostic factors selected
based on univariable analyses; no
validation reported

Outcome

Mortality

In-hospital
mortality

In-hospital
mortality

Mortality

In-hospital
mortality

In-hospital
mortality

Inpatient hospi-
tal admission,
discharge to
hospice or death
among those
admitted to
hospital

Mortality

IQR interquartile range, CAD coronary artery disease, CHF congestive heart failure, DM diabetes mellitus, CKD chronic kidney disease, BM/ body mass index

Cardiovascular predictors of outcome in hospitalised COVID-19 patients

S15




Table 2 Reported prognostic models for mortality

Study (first author Mortality (/N Outcome

name, reference) (%))

Chen [3] 50/1590 Mortality
(3.1%)

Cummings [6] 101/257 Time from hospital admission to
(39.0%) in-hospital mortality

Gao [7] 56/2877 All-cause mortality during hospitaliza-
(1.9%) tion

Giacomelli [4] 48/233 Mortality (censoring date: 20 Apr
(20.6%) 2020)

Klang [8] 1136/3406  In-hospital mortality
(33.4%)

Palaiodimos [9] 48/200 In-hospital mortality
(24%)

Petrilli [10] 665/2741 (1) Admission to hospital
(24.3%) (2) Mortality (only admitted patients in

analysis)

Wang [5] 65/339 Mortality

(19.2%)

Included prognostic factors

Age, coronary heart disease, cerebrovascular disease, dyspnoea, procalcitonin,
aspartate aminotransferase, total bilirubin, creatinine

Age, sex, symptom duration before hospital presentation, hypertension, chronic
cardiac disease, COPD, DM, IL-6 concentrations, D-dimer concentrations

Hypertension, age, sex, DM, myocardial infarction, treatment with PCI or CABG,
renal failure, chronic heart failure, asthma, COPD, stroke

Age, sex, obesity, being treated with >1 antihypertensive agent, disease severity,
presence of anaemia, lymphocyte count, D-dimer, C-reactive protein, creatinine,
creatine kinase

Age, sex, comorbidities (CAD, CHF, hypertension, DM, hyperlipidaemia, CKD, can-
cer), obesity, smoking status

Age, BMI, heart failure, CAD, DM, CKD or end-stage renal disease, COPD, current
or former smoker

Age, BMI, sex, ethnicity, smoking status, CAD, heart failure, hypertension, DM,
asthma or COPD, CKD, cancer

Age, CVD, cerebrovascular disease, COPD

COPD chronic obstructive pulmonary disease, DM diabetes mellitus, /L interleukin, PC/ percutaneous coronary intervention, CABG coronary artery bypass grafting,
CAD coronary artery disease, CHF congestive heart failure, CKD chronic kidney disease, BM/ body mass index, CVD cardiovascular disease

Mortality predicted by prognostic factors measured
during hospital stay

As the reported models included different outcome
measures and different prognostic factors, results
could not be pooled. Because the models were not
validated, only results regarding factors included in
at least two studies are discussed. Tab. 3 shows the
relevance of the reported associations for mortality.

Body mass index

Starting with a high level of evidence for prognostic
studies, the level of evidence regarding the outcome
measure mortality was downgraded by one level be-
cause of risk of bias (some patients still under treat-
ment at end of study), by one level because of indi-
rectness (studies not validated) and by one level for
imprecision (wide confidence intervals) to ‘very low’.

Smoking

Starting with a high level of evidence for prognostic
studies, the level of evidence regarding the outcome
measure mortality was downgraded by one level be-
cause of risk of bias (some patients still under treat-
ment at end of study), by one level because of indi-
rectness (studies not validated) and by one level for
imprecision (wide confidence intervals) to ‘very low’.

Hypertension

Starting with a high level of evidence for prognostic
studies, the level of evidence regarding the outcome
measure mortality was downgraded by one level be-
cause of risk of bias (some patients still under treat-
ment at end of study), by one level because of indirect-
ness (studies not validated) and by one level for impre-
cision (wide confidence intervals, too many prognos-

tic factors included in relation to number of events)
to ‘very low’.

Diabetes mellitus

Starting with a high level of evidence for prognostic
studies, the level of evidence regarding the outcome
measure mortality was downgraded by one level be-
cause of risk of bias (some patients still under treat-
ment at end of study), by one level because of indi-
rectness (studies not validated) and by one level for
imprecision (wide confidence intervals) to ‘very low’.

Coronary artery disease or congestive heart failure
Starting with a high level of evidence for prognostic
studies, the level of evidence regarding the outcome
measure mortality was downgraded by one level be-
cause of risk of bias (some patients still under treat-
ment at end of study), by one level because of indirect-
ness (studies not validated) and by one level because
of inconsistency of results to ‘very low’.

Cerebrovascular disease

Starting with a high level of evidence for prognostic
studies, the level of evidence regarding the outcome
measure mortality was downgraded by one level be-
cause of risk of bias (some patients still under treat-
ment at end of study), by one level because of indi-
rectness (studies not validated), by one level because
of inconsistency of results and by one level because
of imprecision (low number of included patients) to
‘very low”.

Heart failure

Starting with a high level of evidence for prognostic
studies, the level of evidence regarding the outcome
measure mortality was downgraded by one level be-
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cause of risk of bias (some patients still under treat-
ment at end of study), by one level because of indi-
rectness (studies not validated), by one level because
of inconsistency of results and by one level because
of imprecision (low number of included patients) to
‘very low’.

Conclusion

Mortality predicted by prognostic factors measured
during hospital stay

Body mass index

It is unsure whether body mass index (BMI) is a pre-
dictor of mortality in COVID-19 patients admitted to
hospital, adjusted for age. Sources: Cummings, Gia-
comelli, Klang, Palaiodimos, Petrilli (very low GRADE
level).

Smoking

It is unsure whether smoking is a predictor of mor-
tality in COVID-19 patients admitted to hospital, ad-
justed for age. Sources: Klang, Palaiodimos, Petrilli
(very low GRADE level).

Hypertension

It is unsure whether hypertension is a predictor of
mortality in COVID-19 patients admitted to hospi-
tal, adjusted for age. Sources: Cummings, Gao, Klang,
Petrilli (very low GRADE level).

Diabetes mellitus

It is unsure whether diabetes is a predictor of mor-
tality in COVID-19 patients admitted to hospital, ad-
justed for age. Sources: Cummings, Klang, Palaiodi-
mos, Petrilli (very low GRADE level).

Coronary artery disease

It is unsure whether coronary artery disease or con-
gestive heart failure is a predictor of mortality in
COVID-19 patients admitted to hospital, adjusted for
age. Sources: Chen, Cummings, Klang, Palaiodimos,
Petrilli (very low GRADE level).

Cerebrovascular disease

It is unsure whether cerebrovascular disease is a pre-
dictor of mortality in COVID-19 patients admitted to
hospital, adjusted for age. Sources: Chen, Wang (very
low GRADE level).

Heart failure

It is unsure whether heart failure is a predictor of
mortality in COVID-19 patients admitted to hospital,
adjusted for age. Sources: Klang, Palaiodimos, Petrilli
(very low GRADE level).

Other cardiovascular risk factors, cardiovascular
disease or cardiovascular history

We cannot conclude which other cardiovascular risk
factors, CVD or cardiovascular history can predict hos-
pital admission or mortality in COVID-19 patients due
to a lack of studies on multivariable models taking age
into account (no GRADE level).

In conclusion, based on this literature review, there
was insufficient evidence that underlying CVD and
cardiovascular risk factors are predictors of mortality
in hospitalised COVID-19 patients. Populations, mea-
surement of factors and selection methods of factors
were not well described in many studies. Even though
BMI could statistically be considered a risk factor for
mortality, this was not supported by the level of evi-
dence. Risk of bias, indirectness and imprecision ac-
cording to the GRADE methodology led to downgrad-
ing the levels of evidence for the prognostic factors to
‘very low".

Discussion

The present literature review, up until 9 June 2020,
demonstrated that there was insufficient evidence
that CVD and cardiovascular risk factors have a signif-
icant effect on poor outcome in hospitalised COVID-
19 patients. Studies validating prediction models for
CVD are needed; once these become available, they
can be added to this review of the literature.

CAPACITY registry

The same research question was also studied by the
Cardiac complicAtions in Patients With SARS Corona
vIrus 2 regisTrY (CAPACITY registry), an international
initiative to evaluate the role of CVD in hospitalised
patients with COVID-19 [11]. In August 2020, 61 hos-
pitals from 13 countries contributed to the data col-
lection. The data from 40% of the hospitalised Dutch
patients were entered into the database and the re-
sults were published in March 2021 [12].

Data from 5500 Dutch patients were analysed to
answer the research question. Basic characteristics
demonstrated that patients with CVD were older and
had more cardiovascular risk factors and comorbidi-
ties. They developed acute kidney injury during hos-
pitalisation more frequently and were more often di-
agnosed with chronic kidney disease. Older age, male
gender and frailty seemed to have predictive value.

Combining data from the Dutch CAPACITY reg-
istry [12] with those from the Lean European Open
Survey on SARS-CoV-2-Infected patients (LEOSS) reg-
istry showed a significant association between New
York Heart Association class I1I/IV heart failure and in-
hospital mortality for patients with cardiovascular co-
morbidity, after adjustment for age, gender, myocar-
dial infarction, hypertension, chronic kidney disease,
chronic obstructive pulmonary disease and diabetes
mellitus.
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Box 1 Recommandations

e Regard patients with CVD and cardiovascular
risk factors as vulnerable to COVID-19 and at
risk of poor outcome.

e Be aware that patients with heart failure may
have a greater risk of poor outcome and mor-
tality.

e Healthcare professionals delivering care to pa-
tients with CVD should follow COVID-19 guide-
lines for vulnerable groups.

e Patients with CVD and cardiovascular risk fac-
tors should comply with the governmental and
public health COVID-19 recommendations and
advice for vulnerable groups. Implementation is
expected to be high and should bear no extra
costs since it is embedded in the current govern-
mental policies.

Recommendations

In general, patients with CVD and cardiovascular risk
factors are considered to be vulnerable to infectious
disease outbreaks. Based on our literature review and
the results from the CAPACITY registry, there is no rea-
son not to deem them vulnerable to COVID-19. The
data indicate that these patients are older and have
more comorbidities and suggest that older age, male
gender and frailty are predictors of mortality. Of the
patients who died of COVID-19, most had a history of
CVD (See Box 1).

Gaps in evidence

The initial research question remains unanswered:
In which hospitalised patients with proven COVID-
19 and with underlying CVD and cardiovascular risk
factors should doctors be alert to a poor outcome?
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