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Abstract

Introduction: This study aims to assess prevalence and prognostic implications of pre-existing peripheral artery disease
(PAD) in patients infected by the SARS-CoV-2 by means of a systematic review and meta-analysis.
Material andmethods:We searched MEDLINE and Scopus to locate all the articles published up to 10 December 2021,
reporting data on pre-existing PAD among COVID-19 survivors (S) and non survivors (NS). The pooled prevalence of pre-
existing PAD in COVID-19 patients was calculated using a random effects model and presenting the related 95% confidence
interval (CI), while the mortality risk was estimated using the Mantel–Haenszel random effects models with odds ratio (OR)
and related 95% CI. Statistical heterogeneity was measured using the Higgins I2 statistic.
Results: Eight investigations, enrolling 13,776 COVID-19 patients (mean age: 67.1 years, 3.863 males), met the inclusion
criteria and were included in the final analysis. The pooled prevalence of pre-existing PAD was 5.7% of cases (95% CI: 3.8–
8.4%, p < 0.0001), with high heterogeneity (I2 = 84.5%), which was directly correlated with age (p < 0.0001), previous
hypertension (p = 0.003), and dyslipidaemia (p = 0.02) as demonstrated by the meta-regression. Moreover, pre-existing
PADwas significantly associated with higher risk of short-term death in patients with SARS-CoV-2 infection (OR: 2.78, 95%
CI: 2.37–3.27, p < 0.0001 I2 = 0%); the sensitivity analysis confirmed yielded results.
Conclusions: Pre-existing PAD represents a comorbidity in about 1 out of 6 COVID-19 patients, but it is associated with a
twofold higher risk of short-term mortality.
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Introduction

Several investigations have demonstrated a high preva-
lence of cardiovascular comorbidities in COVID-19 pa-
tients, influencing both disease severity and short-term
prognosis.1–4 From an epidemiological perspective, both
the prevalence and incidence of peripheral artery disease
(PAD) appear to be sharply age-related, rising more than
10% among patients in their 60s and 70s.5 Moreover, it has
been demonstrated that these subjects have a higher risk of
cardiovascular events and are six times more likely to die
from cardiovascular causes than those without the dis-
ease.6 As is well known, PAD is very frequently associated
with other comorbidities, such as arterial hypertension
(HT), diabetes mellitus (DM), dyslipidaemia, and coronary
artery disease (CAD)7 which are highly prevalent among

COVID-19 patients and associated with poorer
outcomes.8–11 The previous literature has mainly focused
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its attention to the relationship between COVID-19 pan-
demic and the management of PAD patients, evidencing
the lower number of novel PAD diagnosis or the reduction
of revascularization procedures performed during this
period, while a comprehensive assessment of data re-
garding the epidemiological and related prognostic role of
PAD in SARS-CoV-2–infected individuals has not yet
been performed. The aim of the present study is to estimate
the pooled prevalence and the influence of PAD on short-
term mortality in COVID-19 patients by a systematic re-
view and meta-analysis of the available data.

Methods

Data sources and searches

The study was performed in accordance with the Preferred
Report Items for Systematic Reviews and Meta-analyses
(PRISMA) guidelines (Supplementary Material 1).12

PubMed and Scopus databases were systematically
searched for articles published in English language, from
inception through 10 December 2021 with the following
Medical Subject Heading (MESH) terms: COVID-19 OR
SARS-CoV-2 [Title/Abstract] AND “Survivors” OR “Pe-
ripheral Artery Disease”. In addition, references from the
included studies were screened to potentially identify other
investigations meeting the inclusion criteria.

Outcomes

The prevalence of PAD in COVID-19 patients was chosen
as the primary outcome, while its associated mortality risk
was selected as the secondary outcome.

Study selection

Specifically, inclusion criteria were (1) studies enrolling
subjects with a confirmed diagnosis of COVID-19 and (2)
providing data on the prevalence of PAD and stratifying the
population among survivors (S) and non survivors (NS).
Conversely, case reports, review articles, abstracts,
editorials/letters, and case series with less than 10 partici-
pants were excluded. Each included article was indepen-
dently evaluated by two reviewers (MZ and LR); in case of
discrepancies, a third author was involved (CB), and final
consensus was achieved through discussion.

Data extraction and quality assessment

Data were independently extracted by two reviewers (MZ
and GR) using a standardized protocol. Disagreements were
resolved consulting a third author (CB). For this meta-
analysis, the following data elements were extracted: type
of the study; sample size; mean age; gender; and major

cardiovascular comorbidities such as HT, DM, cerebro-
vascular disease, dyslipidaemia, chronic kidney disease
(CKD), and CAD, stratified according to the outcome status
(S andNS). The quality of included studies was graded using
the Newcastle–Ottawa quality assessment scale (NOS).13

Data synthesis and analysis

Continuous variables were expressed as mean ± standard
deviation (SD) or as median with corresponding
interquartile range (IQR), while categorical variables were
expressed as counts and percentages. The cumulative
prevalence of PAD (n/N), defined as the ratio between
patients with pre-existing PAD (n) and the number of
patients enrolled in each study (N), was pooled using a
random effects model and presented with the corre-
sponding 95% confidence interval (CI). Mortality risk data
were pooled using the Mantel–Haenszel random effects
models with odds ratio (OR) as the effect measure with
95% CI. Moreover, a predefined sensitivity analysis
(leave-one-out analysis) was performed, removing one
study at a time, to evaluate the stability of our results
regarding the mortality risk. Statistical heterogeneity be-
tween groups was measured using the Higgins I2 statistic.
Specifically, I2 = 0 indicated no heterogeneity while we
considered low, moderate, and high degrees of heteroge-
neity based on the values of I2 as <25%, 25–75%, and
above 75%, respectively. The presence of potential pub-
lication bias was verified by visual inspection of the funnel
plot. Due to the low number of the included studies (<10),
small-study bias was not examined as our analysis was
underpowered to detect such bias. To further appraise the
impact of potential baseline confounders, a meta-
regression analysis using age, gender, prevalence of HT,
DM, cerebrovascular disease, CKD, and CAD as mod-
erator variables was performed. All meta-analyses were
conducted using Comprehensive Meta-Analysis software,
version 3 (Biostat, USA).

Results

Search results

A total of 4,658 articles were obtained by our search
strategy. After the preliminary screening excluding dupli-
cates, 1,443 full-text articles were assessed for eligibility.
Among them, 1,435 studies were excluded for not meeting
the inclusion criteria, leaving 8 investigations fulfilling the
inclusion criteria14–21 (Figure 1).

Study characteristics

Overall, 13,776 COVID-19 hospitalized patients (mean age:
67.1 years, 3.863 males) were included in the analysis. The
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general characteristics of the studies included are shown in
Table 1. To this regard, S were significantly younger when
compared to NS (p < 0.001), while the most prevalent
comorbidities were HT followed by DM and dyslipidaemia.
The quality assessment of the studies reviewed revealed that
all investigations were of high-moderate quality according
to the NOS scale (Table 2).

Pooled prevalence of dyslipidemia

The prevalence of dyslipidemia among COVID-19 pa-
tients ranged between 2.6 and 14.3%. A random effect
model revealed a pooled prevalence of PAD in 5.7% of
cases (95% CI: 3.8–8.4%, p < 0.0001). However, a high
heterogeneity was observed in the analysis (I2 = 84.5%)
(Figure 2, panel a). The relative funnel plot, presented in
Supplementary Material 2, disclosed potential publication
bias.

Meta-regression for the pooled prevalence

A meta-regression analysis, carried out to explore the po-
tential causes of such high heterogeneity, showed a sig-
nificant direct relationship between pre-existing PAD and its
prevalence in COVID-19 patients using age (p < 0.0001),
prevalence of HT (p = 0.03), and dyslipidaemia (p = 0.02) as
moderators (Table 3).

PAD and mortality risk

On pooled analysis, pre-existing PAD resulted in significant
association with a higher risk of short-term mortality (OR:
2.78, 95% CI: 2.37–3.27, p < 0.0001, I2 = 0%) (Figure 2,
Panel b). Visual inspection of the relative funnel plot
(Supplementary Material 2, Panel B) did not reveal pub-
lication bias. To evaluate the robustness of the association
results, we performed a leave-one-out sensitivity analysis by
iteratively removing one study at a time and recalculating
the summary OR. The summary ORs remained stable
(ranging between OR: 2.77, 95% CI: 2.35–3.25, p < 0.0001
and OR: 2.79, 95% CI: 2.37–3.29, p < 0.0001), indicating
that our results were not driven by any single study.

Discussion

The results of the present meta-analysis, based on more than
13,000 COVID-19 patients, evidenced that pre-existing
PAD is present in about 5% of infected patients and as-
sociated with a twofold risk of short-term mortality com-
pared to those without. The high heterogeneity observed
during the analysis of the pooled prevalence resulted par-
tially explained by aging as well as the prevalence of HTand
dyslipidaemia, which are, per se, well-known risk factors
and comorbidities of PAD.5,6 Doubtless, also the obser-
vational and retrospective nature of the studies reviewed,

Figure 1. PRISMA flow diagram.
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with their intrinsic and inherited biases may have con-
tributed to the high heterogeneity observed. Conversely, the
absence of heterogeneity in the estimation of short-term
mortality risk in COVID-19 patients with PAD as well as the
results of the related sensitivity analysis confirmed the

robustness of our results regarding the prognostic impli-
cations of pre-existing CAD in such patients.

Our findings are also in accordance with those presented
by Smolderen et al.22 which evidenced that PAD patients
with SARS-CoV-2 infection have a >40% odds of mortality

Table 2. Quality of the included studies assessed using the Newcastle–Ottawa quality assessment scale.

NOS

Study Selection Comparability Outcome Total score

Zwaenepoel et al.14 7
Katkat et al.15 7
de Terwangne et al.16 6
De Negri et al.17 7
Mendes et al.18 7
Knights et al.19 7
Quisi et al.20 6
Rodilla et al.21 7

Figure 2. (a) Pooled prevalence of pre-existing peripheral artery disease in COVID-19 patients; (b) Forest plot investigating the
mortality risk due pre-existing peripheral artery disease in COVID-19 patients using a random effect model.
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and major adverse cardiovascular events (MACE) when
compared to those without and independently of concom-
itant known risk factors. Probably, the higher risk of short-
term mortality observed cannot be referred only to com-
plications of pre-existing PAD but more realistically to the
occurrence of acute complications of chronic cardiovascular
complications, such as cardiovascular injuries, in which
atherosclerosis is the common substrate.23,24 From a
pathophysiological perspective, it is likely that the hyper-
coagulable state shared by PAD and SARS-CoV-2 infection
plays a pivotal role since the viral infection may additionally
promote the occurrence of arterial thromboembolic events
in infected patients.25,26 Although these theories need to be
confirmed in larger studies, our results may be useful in both
clinical practice and prevention strategies. Indeed, hospi-
talized COVID-19 patients with pre-existing PAD might
require a closer monitoring and more aggressive ther-
apeutical strategies since the beginning of the disease to
reduce their short-term mortality risk. Moreover, these
subjects might benefit from an earlier anti–SARS-CoV-2
immunization, considering their higher risk of poor out-
come if infected.

Limitations

Our investigation has several limitations related to the
observational nature of the studies reviewed with all in-
herited biases. Moreover, very few investigations on the
COVID-19 infection, stratifying the cohort into S and NS
and reporting data on PAD have been published, limiting the
number of the studies included in the meta-analysis and the
related number of patients. Furthermore, the present anal-
ysis is based on a generic definition of PAD, which en-
compasses distinctive clinical phenotypes with different
prognostic significance. To this regard, we were not able to
perform adequate sub-analysis regarding the clinical status
of the disease (i.e., symptomatic or asymptomatic disease),
the anatomical location of arterial obstruction/s, the length
of the disease, need for revascularization or amputation, as
well as the impact of previous or current revascularization

treatments (i.e., during the infection) which may impact the
prognosis of analyzed patients; indeed, none of the studies
reviewed reported these data.

Conclusions

Pre-existing PAD is present in about 5% of patients with
SARS-CoV-2 infection, and is associated with an increased
risk of short-term mortality in COVID-19 patients. Our
findings reinforce the concept that cardiovascular co-
morbidities and risk factors play a pivotal role in deter-
mining the COVID-19 patient’s outcome, and suggest that
PAD patients might benefit from an earlier anti–SARS-
CoV-2 immunization, considering their higher risk of poor
outcome, if infected.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with re-
spect to the research, authorship, and/or publication of this article.

Funding

The author(s) received no financial support for the research, au-
thorship, and/or publication of this article.

ORCID iDs

Marco Zuin  https://orcid.org/0000-0002-4559-1292
Claudio Bilato  https://orcid.org/0000-0003-3474-0579

Supplemental material

Supplemental material for this article is available online.

References

1. Li B, Yang J, Zhao F, et al. Prevalence and impact of car-
diovascular metabolic diseases on COVID-19 in China. Clin
Res Cardiol 2020; 109: 531–538. DOI: 10.1007/s00392-020-
01626-9

2. Nishiga M, Wang DW, Han Y, et al. COVID-19 and car-
diovascular disease: From basic mechanisms to clinical

Table 3. Meta-regression for the prevalence of pre-existing coronary artery disease in COVID-19 patients.

Moderator N° of interactions Coeff SE 95% CI p

Age 8 0.057 0.016 0.025–0.089 <0.0001
Gender (male) 8 0.013 0.019 �0.024–0.051 0.475
HT 8 0.025 0.012 0.001–0.050 0.03
DM 8 �0.011 0.021 �0.053–0.031 0.60
Cerebrovascular disease 4 �0.034 0.066 �0.164–0.095 0.60
Dyslipidaemia 5 0.033 0.015 0.004–0.063 0.02
CKD 5 0.064 0.035 �0.005–0.134 0.07
CAD 8 0.110 0.260 �0.398–0.620 0.669

HT: arterial hypertension; DM: diabetes mellitus; CKD: chronic kidney disease; CAD: coronary artery disease; SE: standard error; CI: confidence interval.

6 Vascular 0(0)

https://orcid.org/0000-0002-4559-1292
https://orcid.org/0000-0002-4559-1292
https://orcid.org/0000-0003-3474-0579
https://orcid.org/0000-0003-3474-0579
https://doi.org/10.1007/s00392-020-01626-9
https://doi.org/10.1007/s00392-020-01626-9


perspectives. Nat Rev Cardiol 2020; 17: 543–558. DOI: 10.
1038/s41569-020-0413-9

3. Chung MK, Zidar DA, Bristow MR, et al. COVID-19 and
Cardiovascular Disease: From bench to bedside. Circ Res 2021;
128: 1214–1236. DOI: 10.1161/CIRCRESAHA.121.317997

4. Phelps M, Christensen DM, Gerds T, et al. Cardiovascular
comorbidities as predictors for severe COVID-19 infection or
death. Eur Heart J Qual Care Clin Outcomes 2021; 7:
172–180. DOI: 10.1093/ehjqcco/qcaa081

5. Criqui MH and Aboyans V. Epidemiology of peripheral artery
disease. Circ Res 2015; 116: 1509–1526. DOI: 10.1161/
CIRCRESAHA.116.303849

6. Hackam DG. Cardiovascular risk prevention in peripheral
artery disease. J Vasc Surg 2005; 41: 1070–1073. DOI: 10.
1016/j.jvs.2005.03.009

7. Fowkes FG, Aboyans V, Fowkes FJ, et al. Peripheral artery
disease: epidemiology and global perspectives. Nat Rev
Cardiol 2017; 14: 156–170. DOI: 10.1038/nrcardio.2016.179

8. Zuin M, Rigatelli G, Zuliani G, et al. Arterial hypertension
and risk of death in patients with COVID-19 infection:
Systematic review and meta-analysis. J Infect 2020; 81:
e84-e86. DOI: 10.1016/j.jinf.2020.03.059

9. Roncon L, Zuin M, Rigatelli G, et al. Diabetic patients with
COVID-19 infection are at higher risk of ICU admission and
poor short-term outcome. J Clin Virol 2020; 127: 104354.
DOI: 10.1016/j.jcv.2020.104354

10. Zuin M, Rigatelli G, Bilato C, et al. Dyslipidaemia and
mortality in COVID-19 patients: a meta-analysis. QJM 2021;
114: 390–397. DOI: 10.1093/qjmed/hcab071

11. Liang C, Zhang W, Li S, et al. Coronary heart disease and
COVID-19: A meta-analysis. Med Clin (Barc) 2021; 156:
547–554. DOI: 10.1016/j.medcli.2020.12.017

12. Moher D, Liberati A and Tetzlaff J, PRISMAGroup. Preferred
reporting items for systematic reviews and meta-analyses: the
PRISMA statement. Plos Med 2009; 6: e1000097.

13. Wells GA, Shea B, O’Connell D et al. The Newcastle-Ottawa
Scale (NOS) for assessing the quality if nonrandomized
studies in meta-analyses, http://wwwohrica/programs/
clinical_epidemiology/oxfordasp, (2012, accessed on 10
December 2021).

14. Zwaenepoel B, Dhont S, Hoste E, et al. The prognostic value
of cardiac biomarkers and echocardiography in critical
COVID-19. Front Cardiovasc Med 2021; 8: 752237. DOI:
10.3389/fcvm.2021.752237

15. Katkat F, Karahan S, Varol S, et al. Mortality prediction with
CHA2DS2-VASc, CHA2DS2-VASc-HS and R2CHA2DS2-VASc
score in patients hospitalized due to COVID-19. Eur Rev Med

Pharmacol Sci 2021; 25: 6767–6774. DOI: 10.26355/eurrev_
202111_27121

16. de Terwangne C, Sorgente A, Tortora R, et al. Mortality rate
and predictors among patients with COVID-19 related acute
respiratory failure requiring mechanical ventilation: a retro-
spective single centre study. J Crit Care Med (Targu Mures)
2021; 7: 21–27. DOI: 10.2478/jccm-2020-0043

17. Denegri A, Pezzuto G, D’Arienzo M, et al. Clinical and
electrocardiographic characteristics at admission of COVID-
19/SARS-CoV2 pneumonia infection. Intern Emerg Med
2021; 16: 1451–1456. DOI: 10.1007/s11739-020-02578-8

18. Mendes A, Serratrice C, Herrmann FR, et al. Predictors of in-
hospital mortality in older patients with COVID-19: The
COVID age study. J AmMedDir Assoc 2020; 21: 1546–1554.
DOI: 10.1016/j.jamda.2020.09.014

19. Knights H, Mayor N, Millar K, et al. Characteristics and
outcomes of patients with COVID-19 at a district general
hospital in Surrey, UK. Clin Med 2020; 20: e148–e153.

20. Quisi A, Alıcı G, Harbalıoğlu H, et al. The CHA2DS2-VASc
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