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Background and Purpose: COVID-19 is a significant cause of hypercoagulability, which is 
crucial in causing peripheral artery disease (PAD) or exacerbating pre-existing PAD. When 
comorbidities are present, patients are prone to poor prognosis. Hence, we seek to evaluate 
the clinical outcomes in COVID-19 patients with PAD and find associated comorbidities.

Materials and Methods: A systematic search was performed through PubMed, Cochrane, 
ProQuest, Scopus, Wiley, and EMBASE using keywords that matched the MeSH browser, 
such as PAD, COVID-19, and comorbidities, without any date range limitation. Additionally, 
we utilized Google Scholar to point out additional articles that could be found in the several 
databases included but were not found due to the keywords. We looked for observational 
studies of PAD patients with or without comorbidities until July 22, 2023.

Results: Twenty-one studies were included in this systematic review and meta-analysis. 
COVID-19 patients with PAD were associated with significantly higher re-thrombolysis 
(OR=3.09; 95% CI, 1.31%, 7.28%; P=0.01) and mortality rate (OR=3.82; 95% CI, 1.10%, 
13.22%; P=0.03). However, a higher amputation rate than non-COVID-19 patients showed 
lower significance (OR=2.99; 95% CI, 0.90%, 9.89%; P=0.07), and no significant difference in 
limb salvage rate was observed (OR=0.58; 95% CI, 0.06%, 5.60%; P=0.64). Comorbidities that 
show significant associations with COVID-19 patients with PAD were hypertension (67.0%; 
95% CI, 0.54%, 0.80%), diabetes mellitus (DM) (50.0%; 95% CI, 0.37%, 0.62%), hyperlipidemia 
(47.0%; 95% CI, 0.30%, 0.64%), heart diseases (28.0%; 95% CI, 0.14%, 0.41%), and atrial 
fibrillation (16.0%; 95% CI, 0.06%, 0.25%).

Conclusion: This meta-analysis demonstrates a higher re-thrombosis and mortality rate in 
PAD patients with COVID-19 infection compared to patients without COVID-19. These events 
are shown to be higher in diabetes, hypertension, and dyslipidemia individuals. Therefore, 
further treatments are needed for COVID-19 patients with PAD and cardiovascular 
comorbidities to prevent worse outcomes and to anticipate the possibilities of new COVID-19 
variants as well as long COVID-19 syndrome.

Keywords: COVID-19, Peripheral artery diseases (PAD), Re-thrombosis, Mortality, 
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Introduction

he world has been fighting the COVID-19 
pandemic for the past few years. Like other 
viruses, the SARS-CoV-2 virus underwent 
mutations, leading to new variants. De-
spite the availability of a vaccine, in Janu-

ary 2022, the COVID-19 virus managed to resurge, with 
global reports indicating 23.5 million cases per week. 
Subsequently, in December 2022 and January 2023, 
the prevalence of COVID-19 surged once more, peak-
ing at 44.2 million cases per week globally. This condi-
tion emphasizes the need to continuously expand our 
understanding of the disease’s pathogenesis to ensure 
effective case management [1, 2].

One significant aspect of this virus’s pathogenesis is 
strongly associated with the overproduction of pro-
inflammatory cytokines. COVID-19 patients exhibit 
markedly increased levels of inflammatory cytokines 
(interleukin [IL]-6 and tumor necrosis factor [TNF]-α), fi-
brinogen, D-dimer, factor VIII, and von Willebrand factor 
(vWF), along with decreased antithrombin levels, lead-
ing to a prothrombotic milieu. It is proposed that this 
phenomenon occurs due to the entry of SARS-CoV-2 
into pneumocytes, where it binds to the angiotensin-
converting enzyme (ACE-2), resulting in the depletion 
of available ACE-2. This enzyme acts on degrading an-
giotensin-II (Ang-II); hence, its depletion leads to an ex-
cess of Ang-II. Excess Ang-II then binds to angiotensin 
receptor-1, exacerbating the hypercoagulable state by 
increasing cytokine levels and inducing the expression 
of plasminogen activator inhibitor 1 (PAI-1) on endothe-
lial cells. This state of hypercoagulability plays a key role 
in the induction or exacerbation of peripheral artery dis-
ease (PAD) [1-4].

PAD is a circulatory problem resulting from stenosis 
and occlusion of medium- to large-sized arteries out-
side the heart and brain, accounting for coronary artery 
disease and cerebrovascular disease, respectively. PAD 
most commonly affects the lower extremities, mani-
festing as thigh or calf pain during walking or exertion 
(intermittent claudication) [5, 6]. Statistics corroborate 
the relevance of COVID-19 and PAD by demonstrating 
an increase in PAD cases in tandem with the progression 
of the COVID-19 pandemic [4]. Regarding the outcomes, 
comorbidities that induce a hypercoagulable state, such 
as hypertension and diabetes, are believed to worsen 
the prognosis. Individuals with these conditions often 
exhibit reduced ACE-2 expression, further contributing 
to elevated Ang-II levels [3, 7].

Despite the pandemic having subsided, comprehend-
ing this aspect remains crucial for enhancing the man-
agement of COVID-19 patients with PAD, particularly 
in light of the potential emergence of new COVID-19 
variants and coagulation problems in patients with long 
COVID-19 syndrome [8]. Furthermore, while COVID-19’s 
association with hypercoagulable conditions is well-es-
tablished, the interconnections of COVID-19, PAD clini-
cal outcomes, and associated comorbidities have not 
been clearly explained. Most available studies have re-
lied solely on case reports and case series, with several 
yielding inconsistent results. Hence, we intend to assess 
clinical outcomes in COVID-19 patients with PAD and 
identify significantly associated comorbidities. 

Materials and Methods

We conducted our systematic review following the 
guidelines outlined in the Cochrane handbook for 
systematic reviews of interventions version 6.2 and 
adhered to the reporting standards of the PRISMA 
(preferred reporting items for systematic review and 
meta-analysis) [9]. Additionally, we have registered 
this study with an ID of CRD42023405758 in the in-
ternational prospective register of systematic re-
views (PROSPERO) in compliance with international 
research ethics regulations.

Search strategy

Four independent reviewers conducted an extensive 
literature search across multiple electronic databases, 
including PubMed, Scopus, Cochrane, Embase, Wi-
ley, and ProQuest, up to July 22, 2023. Keywords that 
matched the MeSH browser, such as PAD, acute limb 
ischemia, critical limb ischemia, intermittent claudica-
tion, COVID-19, diabetes mellitus, hypertension, and 
comorbidities, were employed in the search. Addition-
ally, we utilized Google Scholar as a search engine to 
point out additional articles that could be found in the 
several databases included but are being overlooked 
due to the keywords. Advanced search techniques 
were employed as applicable and available to refine 
the search results according to the extra category 
available in each database.

Study eligibility criteria

Studies were screened based on inclusion and exclu-
sion criteria. The inclusion criteria were observational 
studies such as cohort prospective and retrospective, 
PAD patients with COVID-19 with or without comorbidi-
ties (with PAD as all arterial diseases outside coronary 
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and brain vascular) defined, and qualitative and quan-
titative outcomes. The exclusion criteria were PAD pa-
tients without COVID-19, uncompleted studies, studies 
in a language other than English, and irretrievable full-
text. The planned procedure is shown in Figure 1.

Data extraction

We predetermined the outcome sheet in tabular form 
(MS Excel® for Mac; Microsoft Corporation, Redmond, 
WA, 2018) to include the following extracted data: au-
thor and year of publication; study characteristics, in-
cluding the design, location, and length of study; study 
population, including sample size, subject types, range 
or mean age, gender, BMI, and comorbidities; and study 
outcomes. Our study outcomes are re-thrombosis, am-
putation, limb salvage, and mortality rate. In this data ex-
traction, all authors extracted both qualitative and quan-
titative characteristics. In addition, all authors rechecked 

the accuracy of the extracted data while performing sta-
tistical analysis. All the disagreements between authors 
were resolved by the majority of opinions.

Risk of bias in assessment

Critical appraisal was performed following the New-
castle-Ottawa quality assessment scale for cohort stud-
ies to assess the bias of the included studies qualitative-
ly [10]. The score is converted to Agency for Healthcare 
Research and Quality (AHRQ) standards, divided into 
>6: Good; 4-6: Fair; and 4: Poor. Four reviewers did the 
quality assessment blind to each other’s scores, then 
discussed until a consensus was reached [11].

Statistical analysis

We conducted the statistical analysis using Review 
Manager version 5.4 from The Nordic Cochrane Cen-
ter, the Cochrane Collaboration in Copenhagen. We 

Husen TF, et al. PAD in COVID-19 Patient. Iran J Health Sci. 2024; 12(3):155-176.

Figure 1. PRISMA diagram

Identification of studies via databases and registers

Records identified from 
(n=8,886) 

PuMed (n=53) 
Scopus (n=100) 

Cochrane (n=138) 
Google Scholar (n=2,570) 

Embase (n=1,152) 
Wiley (n=24) 

ProQuest 4.849)

Id
en

tifi
ca

tio
n Records removed before 

screening 
Duplicate records removed 

(n=7.860) 

Records excluded** 
(n=987)

Records screened 
(n=1,026) 

Reports sought for retrieval 
(n=39) 

Sc
re

en
in

g

Reports assessed for eligibility 
(n=34) 

Reports not retrieved 
(n=5)

Studies included in statistical 
analysis
(n=22) 

Studies included in review 
(m=22) 

Reports of included studies 
(n=22) In

clu
de

d

Reports excluded: 
Not observational study (n=9) 

Patient popoulation is only 
PAD patients without COVID-19 

(n=6) 
Incomplete outcome

(n=4) 
Language other than

(n=2)

https://jhs.mazums.ac.ir/index.php?&slct_pg_id=10&sid=1&slc_lang=en
https://www.ahrq.gov/
https://www.ahrq.gov/
https://www.cochrane.org/
https://www.cochrane.org/


July 2024, Vol 12, Issue 3

158

extracted the studies’ odds ratios and prevalence 
percentages and interpreted the combined effects. To 
account for potential heterogeneity among the stud-
ies, we applied the DerSimonian-Laird random-effects 
model as sug- gested by Riley et al. We assessed het-
erogeneity using the estimated effect (I2) statistics, 
following Cochrane thresholds, where values of 0%, 
25%, 50%, and 75% in- dicate insignificant, low, mod-
erate, and high heteroge- neity, respectively [12].

Results

Study selection and characteristics

A total of 8886 studies were identified through 
seven databases, with details listed in Appendix 1. 
After re- moving 7860 duplicates, 987 were removed 
based on their relevant “titles” and “abstracts.” Also, 
5 full texts were not retrieved, and 14 full texts were 
excluded based on the exclusion criteria. Finally, 21 
studies were included for qualitative and quantitative 
analysis (Figure 1). The characteristics of the included 
studies are listed in Appendix 2.

Quality assessment

Each study was assessed for its selection, compara-
bility, and outcomes using the Newcastle Ottawa scale 
(NOS) for cohort studies (Appendices 3 and 4) [13-33]. 
Overall, the studies were rated as high quality with a 
low risk of bias. According to the AHRQ, only five stud-
ies were deemed “poor quality.”

Clinical outcomes

The clinical outcomes of PAD were compared between 
the control and COVID-19 groups (Figure 2). COVID-19 
patients were associated with significantly worse out-
comes compared to control, evidenced by a higher mor-
tality rate (OR: 3.82 [95% CI, 1.10%, 13.22%]; P=0.03; 
I2=30%) and higher re-thrombolysis rate (OR: 3.09 [95% 
CI, 1.31%, 7.28%]; P=0.1; I2=10%), with insignificant to 
low heterogeneity. However, there is no significant dif-
ference between the two groups in amputation rate 
(OR: 2.99 [95% CI, 0.9%, 9.89%]; P=0.07; I2=27%) and 
limb salvage rate (OR: 0.58 [95% CI, 0.06%, 5.60%]; 
P=0.64; I2=82%). Low to high heterogeneity was found 
in these insignificant results.

The associated comorbidities rate in COVID-19 pa-
tients is shown in Figure 3. Hypertension was the most 
common comorbidity (67.0%; 95% CI, 0.54%, 0.80%), 
followed by diabetes mellitus (DM) (50.0%; 95% CI, 

0.37%, 0.62%), hyperlipidemia (47.0%; 95% CI, 0.30%, 
0.64%), heart diseases (28.0%; 95% CI, 0.14%, 0.41%), 
and atrial fibrillation (16.0%; 95% CI, 0.06%, 0.25%) in 
COVID-19 patients with PAD. However, all these results 
were correlated with high heterogeneity. 

Discussion

In COVID-19 patients, a prothrombotic state and var-
ious thrombotic events are prevalent. Compared to 
other respiratory illnesses like acute influenza or oth-
er viral infections, SARS-CoV-2 infection significantly 
increases the incidence of thrombotic events. These 
events often manifest with severe clinical symptoms 
attributed to hypercoagulability induced by cytokine 
production. While the exact cause of this hyperco-
agulable state in COVID-19 has remained uncertain, 
several theories have been proposed, including endo-
thelial dysfunction, coagulation abnormalities, hypox-
ia-induced endothelial changes, and conventional risk 
factors. These factors collectively heighten suscepti-
bility to PAD in COVID-19 patients [34].

Our systematic review and meta-analysis consistently 
revealed that COVID-19 patients with PAD are associ-
ated with higher rates of re-thrombosis (OR=3.09; 95% 
CI, 1.31%, 7.28%; P=0.01), mortality (OR=3.82; 95% CI, 
1.10%, 13.22%; P=0.03), amputations (OR=2.99; 95% 
CI, 0.90%, 9.89%; P=0.07), and limb salvage (OR=0.58; 
95% CI, 0.06%, 5.60%; P=0.64). Despite the relatively 
lower statistical significance in the amputation and limb 
salvage groups, they are included in our analysis due 
to their substantial relevance to overall prognosis and 
complications in COVID-19 patients [4]. Our findings re-
lated to the mortality rate were in line with systematic 
review and meta-analysis by Zuin et al. (2022) which 
found that COVID-19 patients with PAD correlated sig-
nificantly with higher mortality risk compared to control 
(OR 2.78 [95% CI, 2.37%, 3.27%]) [35]. Besides, another 
study by Ren et al. (2023) also supported these results 
with a pooled OR of 1.29 (95% CI, 1.1%, 1.5%) [36]. The 
need for amputations was significantly increased in the 
COVID-19 period, related to patients with PAD up to 
three times, as reported from a review by Pride et al. 
(2023) [37]. These findings may also be explained by the 
indirect impact of COVID-19, which affected healthcare 
delivery, especially for vulnerable populations.

In accordance with the results of our research, Gold-
man et al. underscored the impact of COVID-19-in-
duced prothrombotic states on thrombus prevalence 
in large and medium arteries [17]. This condition con-
tributes to worse outcomes, including amputation 
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and mortality in COVID-19 patients with PAD. Bel-
losta et al.’s cohort study further substantiates this, 
revealing a significant mortality rate (40%) in patients 
with COVID-19 pneumonia presenting acute lower-
extremity ischemia symptoms [16].

Concerning comorbidities, worse prognoses in CO-
VID-19 patients are often observed when comorbidities 
are present. Our study aims to identify the most com-
mon comorbidities in COVID-19 patients with PAD, with 
hypertension (67%), DM (50%), hyperlipidemia (47%), 

A. Re-thrombolysis rate

B. Mortality rate

C. Amputation rate

D. Limb salvage rate

Figure 2. Clinical outcomes of PAD with COVID-19 patients

A) Forest plot for re-thrombolysis rate demonstrating low heterogeneity, B) Forest plot for mortality rate demonstrating moderate hetero-
geneity, C) Forest plot for amputation rate demonstrating moderate heterogeneity, D) Forest plot for limb salvage rate demonstrating high 
heterogeneity
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A. Hypertension

B. Diabetes mellitus

C. Hyperlipidemia
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heart disease (28%), and atrial fibrillation (16%) emerg-
ing as the most prevalent. These findings were similar 
to other systematic reviews by Rostagi et al. (2021), 
which found that hypertension, diabetes, and hyper-
cholesterolemia were the most frequent comorbidities 
in order of occurrences in COVID-19 patients with PAD 
[3]. Hypertension, in particular, stands out due to its as-
sociation with an activated innate immune response 
and chronic inflammation, which weaken initial im-
munity against SARS-CoV-2 infection. Hypertensive and 
diabetic patients also exhibit pre-existing endothelial 
dysfunction, increasing their susceptibility to PAD [38]. 
Rastogi et al. (2021) also revealed that COVID-19 pa-

tients with comorbidities of diabetes or hypertension 
presented with a higher risk of lower limb complica-
tions and, therefore, might require anti-coagulation [3]. 
These findings underscore the importance of evaluating 
comorbidities in COVID-19 patients with PAD to guide 
treatment decisions and improve prognosis.

This systematic review and meta-analysis had several 
limitations. The clinical outcomes of PAD in COVID-19 
patients were presented with a small number of stud-
ies and subjects included in the analysis. Due to the 
small number of studies and subjects, we could not 
perform adequate subgroup analysis. High heteroge-

Figure 3. Associated comorbidities of PAD with COVID-19 patients

A) Hypertension, B) DM, C) Hyperlipidemia, D) Heart disease, E) Atrial fibrillation

D. Heart disease

E. Atrial fibrillation 
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neity results were found, especially in COVID-19-asso-
ciated comorbidities, using proportional meta-analysis. 
Besides, according to the NOS scale, some included 
studies were of poor quality. 

Our study provides valuable insights for future re-
search, potentially informing approaches to reduce 
mortality risk and enhance patient prognosis in patients 
with PAD. Furthermore, gaining a deeper understand-
ing of PAD enables us to better inform vulnerable indi-
viduals about the importance of disease screening, pro-
gression, and prevention more effectively, especially in 
other comorbidities that may worsen the prognosis. It is 
important to emphasize that despite the pandemic hav-
ing subsided, these findings retain their significance and 
may be helpful in patients with similar conditions. Be-
sides, the COVID-19 pandemic has shown us both direct 
(such as hypercoagulability) and indirect effects (such as 
impacts on healthcare delivery). Therefore, better dis-
ease-related strategies must be prepared for the future. 

Ethical Considerations

Compliance with ethical guidelines

This article is a meta-analysis with no human or animal 
sample.

Funding

This research did not receive any specific grant from 
funding agencies in the public, commercial, or not-for-
profit sectors.

Authors contributions

Conceptualization, methodology, and investigation: 
Theresia Feline Husen; Data curation: Theresia Feline 
Husen, and Kelvin Kohar; Software and formal analy-
sis: Kelvin Kohar; Validation and supervision: Nathanael 
Nathanael; Resources: Theresia Feline Husen, Ilona Na-
thania, and Kelvin Kohar; Visualization, and the original 
draft preparation: Theresia Feline Husen, Ilona Natha-
nia, Kelvin Kohar, and Ruth Angelica; Review, and edit-
ing: Theresia Feline Husen, Ilona Nathania, and Kelvin 
Kohar; Final approval: All authors. 

Conflict of interest

The authors declared no conflict of interest.

Acknowledgements

The authors would like to thank all those who contrib-
uted to this study’s conceptualization, production, and 
publication.

References

[1] Jacob G, Aharon A, Brenner B. COVID-19-associated hyper-fibrinol-
ysis: Mechanism and implementations. Frontiers in Physiology. 
2020; 11:596057. [DOI:10.3389/fphys.2020.596057] [PMID] [PM-
CID] 

[2] World Health Organization. WHO Covid-19 dashboard. Geneva: 
WHO ; 2024. [Link] 

[3] Rastogi A, Dogra H, Jude EB. COVID-19 and peripheral arterial 
complications in people with diabetes and hypertension: A system-
atic review. Diabetes & Metabolic Syndrome. 2021; 15(5):102204. 
[DOI:10.1016/j.dsx.2021.102204] [PMID] [PMCID] 

[4] Jain A, Reddy A, Murugesan R, Dutta S, Kumbhar U, Savlania A, et 
al. Outcomes of patients with acute limb ischemia in patients with 
COVID-19: A systemic review and meta-analysis. Cureus. 2022; 
14(7):e27370. [DOI:10.7759/cureus.27370] 

[5] Shu J, Santulli G. Update on peripheral artery disease: Epidemiol-
ogy and evidence-based facts. Atherosclerosis. 2018; 275:379-81. 
[DOI:10.1016/j.atherosclerosis.2018.05.033] [PMID] [PMCID] 

[6] Zemaitis MR, Boll JM, Dreyer MA. Peripheral arterial disease. 2023. 
In: StatPearls [Internet]. Treasure Island (FL): StatPearls Publishing; 
2024 Jan. [PMID]

[7] Sanyaolu A, Okorie C, Marinkovic A, Patidar R, Younis K, et al. 
Comorbidity and its impact on patients with COVID-19. SN Com-
prehensive Clinical Medicine. 2020; 2(8):1069-76. [DOI:10.1007/
s42399-020-00363-4] [PMID] [PMCID] 

[8] Aleem A, Akbar Samad AB, Vaqar S. Emerging variants of SARS-
CoV-2 and novel therapeutics against coronavirus (COVID-19). 
2023. In: StatPearls [Internet]. Treasure Island (FL): StatPearls Pub-
lishing; 2024. [PMID]

[9] Page MJ, Moher D, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow 
CD, et al. PRISMA 2020 explanation and elaboration: Updated guid-
ance and exemplars for reporting systematic reviews. BMJ. 2021; 
372:n160. [DOI:10.1136/bmj.n160] [PMID] [PMCID] 

[10] Wells G, Shea B, O’Connell D, Peterson J, Welch V, Losos M, et 
al. The Newcastle-Ottawa scale (NOS) for assessing the quality of 
nonrandomised studies in meta-analyses. Ottawa: Ottawa Hospital; 
2013. [Link]

[11] Viswanathan M, Ansari MT, Berkman NC, Hartling L, McPheeters 
M, et al. Assessing the risk of bias of individual studies in system-
atic reviews of health care interventions. Agency for Healthcare Re-
search and Quality Methods Guide for Comparative Effectiveness 
Reviews (AHRQ); 2021. [Link]

[12] Riley RD, Moons KG, Snell KI, Ensor J, Hooft L, Altman DG, 
Hayden J, Collins GS, Debray TP. A guide to systematic review and 
meta-analysis of prognostic factor studies. BMJ. 2019; 364. [DOI: 
10.1136/bmj.k4597]

Husen TF, et al. PAD in COVID-19 Patient. Iran J Health Sci. 2024; 12(3):155-176.

https://jhs.mazums.ac.ir/index.php?&slct_pg_id=10&sid=1&slc_lang=en
https://doi.org/10.3389/fphys.2020.596057
https://www.ncbi.nlm.nih.gov/pubmed/33391014
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7772395
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7772395
https://data.who.int/dashboards/covid19/cases
https://doi.org/10.1016/j.dsx.2021.102204
https://www.ncbi.nlm.nih.gov/pubmed/34303918
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8266514
https://doi.org/10.7759/cureus.27370
https://doi.org/10.1016/j.atherosclerosis.2018.05.033
https://www.ncbi.nlm.nih.gov/pubmed/29843915
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6113064
https://pubmed.ncbi.nlm.nih.gov/28613496/
https://doi.org/10.1007/s42399-020-00363-4
https://doi.org/10.1007/s42399-020-00363-4
https://www.ncbi.nlm.nih.gov/pubmed/32838147
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7314621
https://pubmed.ncbi.nlm.nih.gov/34033342/
https://doi.org/10.1136/bmj.n160
https://www.ncbi.nlm.nih.gov/pubmed/33781993
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8005925
https://www.ohri.ca/programs/clinical_epidemiology/nos_manual.pdf
https://effectivehealthcare.ahrq.gov/products/methods-guidance-bias-individual-studies/methods
https://doi.org/10.1136/bmj.k4597
https://doi.org/10.1136/bmj.k4597


July 2024, Vol 12, Issue 3

163

[13] Bozzani A, Arici V, Tavazzi G, Franciscone MM, Danesino V, Rota 
M, et al. Acute arterial and deep venous thromboembolism in COV-
ID-19 patients: Risk factors and personalized therapy. Surgery. 2020; 
168(6):987-92. [DOI:10.1016/j.surg.2020.09.009] [PMID] [PMCID] 

[14] Bellosta R, Luzzani L, Natalini G, Pegorer MA, Attisani L, Cossu LG, 
et al. Acute limb ischemia in patients with COVID-19 pneumonia. 
Journal of Vascular Surgery. 2020; 72(6):1864-72. [DOI:10.1016/j.
jvs.2020.04.483] [PMID] [PMCID] 

[15] Mascia D, Kahlberg A, Melloni A, Rinaldi E, Melissano G, Chiesa R. 
Single-center vascular hub experience after 7 weeks of COVID-19 
pandemic in Lombardy (Italy). Annals of Vascular Surgery. 2020; 
69:90-9. [DOI:10.1016/j.avsg.2020.07.022] [PMID] [PMCID] 

[16] Bellosta R, Piffaretti G, Bonardelli S, Castelli P, Chiesa R, Frigerio 
D, et al. Regional survey in Lombardy, Northern Italy, on vascular 
surgery intervention outcomes during the COVID-19 pandemic. 
The European Journal of Vascular and Endovascular Surgery. 2021; 
61(4):688-97. [DOI:10.1016/j.ejvs.2021.01.037] [PMID] [PMCID] 

[17] Goldman IA, Ye K, Scheinfeld MH. Lower-extremity arterial throm-
bosis associated with COVID-19 Is characterized by greater throm-
bus burden and increased rate of amputation and death. Radiology. 
2020; 297(2):E263-9. [DOI:10.1148/radiol.2020202348] [PMID] 
[PMCID] 

[18] Yesilkaya N, Tellioglu TM, Unay FC, İner H, Besir Y, Gokalp O, et 
al. Histopathologic evaluation of COVID-19 patients with periph-
eral arterial thromboembolism: Does clot composition make any 
sense? Annals of Vascular Surgery. 2021; 74:80-7. [DOI:10.1016/j.
avsg.2021.03.004] [PMID] [PMCID] 

[19] Indes JE, Koleilat I, Hatch AN, Choinski K, Jones DB, Aldailami H, 
et al. Early experience with arterial thromboembolic complica-
tions in patents with COVID-19. Journal of Vascular Surgery. 2021; 
73(2):381-9.e1. [PMID] [PMCID] 

[20] Topcu AC, Ozturk-Altunyurt G, Akman D, Batirel A, Demirhan R. 
Acute limb ischemia in hospitalized COVID-19 patients. Annals of 
Vascular Surgery. 2021; 74:88-94. [DOI:10.1016/j.avsg.2021.03.003] 
[PMID] [PMCID] 

[21] Ilonzo N, Rao A, Safir S, Vouyouka A, Phair J, Baldwin M, et al. 
Acute thrombotic manifestations of COVID-19 infection: Experience 
at a large New York City health system. Journal of Vascular Surgery. 
2020; 73(3):789-96. [DOI:10.1016/j.jvs.2020.08.038] [PMID] [PM-
CID] 

[22] Sánchez JB, Cuipal Alcalde JD, Ramos Isidro R, Luna CZ, Cubas WS, 
Coaguila Charres A, et al. Acute limb ischemia in a peruvian cohort 
infected by COVID-19. Annals of Vascular Surgery. 2021; 72:196-
204. [PMID] 

[23] Al-Zoubi N, Shatnawi N, Jarbo H. Acute lower limb ischemis in 
patients infected with COVID-19. International Journal of General 
Medicine. 2021; 14:833-9. [DOI:10.2147/IJGM.S301462] [PMID] 
[PMCID] 

[24] Etkin Y, Conway AM, Silpe J, Qato K, Carroccio A, Manvar-Singh P, 
et al. Acute arterial thromboembolism in patients with COVID-19 in 
the New York City area. Annals of Vascular Surgery. 2021; 70:290-4.
[DOI:10.1016/j.avsg.2020.08.085] [PMID] [PMCID] 

[25] Li W, Chen X, Feng H. Impact of COVID-19 on peripheral arte-
rial disease treatment. Annals of Vascular Surgery. 2020; 67:6-7. 
[DOI:10.1016/j.avsg.2020.05.045] [PMID] [PMCID] 

[26] Vo TD, Daoud A, Jeney A, Andacheh I, Behseresht J, Hsu J, Tayya-
rah M, et al. COVID-19-related peripheral arterial thrombosis treat-
ed in a large health maintenance organization. Annals of Vascular 
Surgery. 2022; 84:6-11. [DOI:10.1016/j.avsg.2022.04.024] [PMID] 
[PMCID] 

[27] Barac S, Onofrei RR, Neagoe PV, Popescu AI, Pantea S, Rață AL. An 
observational study on patients with acute limb ischemia and SARS-
CoV-2 infection: Early and late results in limb salvage rate. Journal of 
Clinical Medicine. 2021; 10(21):5083. [DOI:10.3390/jcm10215083] 
[PMID] [PMCID] 

[28] de Athayde Soares R, de Arruda Cáceres N, Barbosa AG, Matielo 
MF, Sacilotto R. The catastrophic impact of COVID-19 infection in 
patients with chronic limb-threatening ischemia. Surgery. 2022; 
171(5):1422-6. [DOI:10.1016/j.surg.2021.10.016] [PMID] [PMCID] 

[29] de Athayde Soares R, Futigami AY, Barbosa AG, Sacilotto R. Acute 
arterial occlusions in COVID-19 times: A comparison study among 
patients with acute limb ischemia with or without COVID-19 infec-
tion. Annals of Vascular Surgery. 2022; 83:80-6. [DOI:10.1016/j.
avsg.2022.04.006] [PMID] [PMCID] 

[30] Smolderen KG, Lee M, Arora T, Simonov M, Mena-Hurtado C. 
Peripheral artery disease and COVID-19 outcomes: Insights from 
the Yale DOM-CovX Registry. Current Problems in Cardiology. 2022; 
47(12):101007. [DOI:10.1016/j.cpcardiol.2021.101007] [PMID] 
[PMCID] 

[31] Alonso MN, Mata-Forte T, García-León N, Vullo PA, Ramirez-
Olivencia G, Estébanez M, et al. Incidence, characteristics, labo-
ratory findings and outcomes in acro-ischemia in COVID-19 pa-
tients. Vascular Health and Risk Management. 2020; 16:467-78. 
[DOI:10.2147/VHRM.S276530] [PMID] [PMCID] 

[32] Ishihara T, Iida O, Takahara M, Tsujimura T, Higashino N, Hata Y, et 
al. Clinical course of patients with chronic limb-threatening ischemia 
developing COVID-19. Journal of Cardiology. 2022; 80(6):545-8. 
[DOI:10.1016/j.jjcc.2022.07.010] [PMID] [PMCID] 

[33] Pham A, Heib A, Goodman E, Lipsitz E, Indes J. Outcomes of 
acute limb ischemia in COVID-19. Journal of Vascular Surgery. 2022; 
76(4):1006-13.e3. [DOI:10.1016/j.jvs.2022.04.038] [PMID] [PMCID] 

[34] Varga Z, Flammer AJ, Steiger P, Haberecker M, Andermatt R, 
Zinkernagel AS, et al. Endothelial cell infection and endotheliitis in 
COVID-19. Lancet. 2020; 395(10234):1417-8. [DOI:10.1016/S0140-
6736(20)30937-5] [PMID] 

[35] Zuin M, Rigatelli G, Bilato MJ, Bilato C, Roncon L. Prevalence of 
pre-existing peripheral artery disease in COVID-19 patients and rel- 
ative mortality risk: Systematic review and meta-analysis. Vascular. 
2023; 31(6):1103-9. [DOI: 10.1177/17085381221100380] [PMID] 
[PMCID]

[36] Ren J, Hao Y, Nan L, Wang Y, Yang H. Peripheral artery disease in-
dependently associated with significantly higher risk for COVID-19 
mortality: Evidence based on adjusted effect estimates. Vascular. 
2023; 31(6):1262-4. [DOI:10.1177/17085381221111226] [PMID] 
[PMCID] 

[37] Pride L, Kabeil M, Alabi O, Minc SD, Fakorede FA, Ochoa LN, et 
al. A review of disparities in peripheral artery disease and diabe-
tes-related amputations during the COVID-19 pandemic. Semi-
nars in Vascular Surgery. 2023; 36(1):90-9. [DOI:10.1053/j.sem-
vascsurg.2022.12.002] [PMID] [PMCID] 

[38] Peng M, He J, Xue Y, Yang X, Liu S, Gong Z. Role of hypertension on 
severity of COVID-19: A review. Journal of Cardiovascular Pharmacol-
ogy. 2021; 78(5):e648-55. [DOI:10.1097/FJC.0000000000001116] 
[PMID] [PMCID] 

Husen TF, et al. PAD in COVID-19 Patient. Iran J Health Sci. 2024; 12(3):155-176.

https://jhs.mazums.ac.ir/index.php?&slct_pg_id=10&sid=1&slc_lang=en
https://doi.org/10.1016/j.surg.2020.09.009
https://www.ncbi.nlm.nih.gov/pubmed/33039110
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7508538
https://doi.org/10.1016/j.jvs.2020.04.483
https://doi.org/10.1016/j.jvs.2020.04.483
https://www.ncbi.nlm.nih.gov/pubmed/32360679
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7188654
https://doi.org/10.1016/j.avsg.2020.07.022
https://www.ncbi.nlm.nih.gov/pubmed/32763457
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7403135
https://doi.org/10.1016/j.ejvs.2021.01.037
https://www.ncbi.nlm.nih.gov/pubmed/33722483
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8970660
https://doi.org/10.1148/radiol.2020202348
https://www.ncbi.nlm.nih.gov/pubmed/32673190
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7370378
https://doi.org/10.1016/j.avsg.2021.03.004
https://doi.org/10.1016/j.avsg.2021.03.004
https://www.ncbi.nlm.nih.gov/pubmed/33819598
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8018781
https://www.ncbi.nlm.nih.gov/pubmed/32861865
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7452862
https://doi.org/10.1016/j.avsg.2021.03.003
https://www.ncbi.nlm.nih.gov/pubmed/33819591
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8017914
https://doi.org/10.1016/j.jvs.2020.08.038
https://www.ncbi.nlm.nih.gov/pubmed/32882350
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7462577
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7462577
https://pubmed.ncbi.nlm.nih.gov/33388408/
https://doi.org/10.2147/IJGM.S301462
https://www.ncbi.nlm.nih.gov/pubmed/33737827
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7961206
https://doi.org/10.1016/j.avsg.2020.08.085
https://www.ncbi.nlm.nih.gov/pubmed/32866580
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7455233
https://doi.org/10.1016/j.avsg.2020.05.045
https://www.ncbi.nlm.nih.gov/pubmed/32502682
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7265821
https://doi.org/10.1016/j.avsg.2022.04.024
https://www.ncbi.nlm.nih.gov/pubmed/35470048
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC9033289
https://doi.org/10.3390/jcm10215083
https://www.ncbi.nlm.nih.gov/pubmed/34768611
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8584433
https://doi.org/10.1016/j.surg.2021.10.016
https://www.ncbi.nlm.nih.gov/pubmed/34742566
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8529269
https://doi.org/10.1016/j.avsg.2022.04.006
https://doi.org/10.1016/j.avsg.2022.04.006
https://www.ncbi.nlm.nih.gov/pubmed/35452788
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC9020509
https://doi.org/10.1016/j.cpcardiol.2021.101007
https://www.ncbi.nlm.nih.gov/pubmed/34627824
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8496926
https://doi.org/10.2147/VHRM.S276530
https://www.ncbi.nlm.nih.gov/pubmed/33262599
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7699992
https://doi.org/10.1016/j.jjcc.2022.07.010
https://www.ncbi.nlm.nih.gov/pubmed/35953401
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC9329275
https://doi.org/10.1016/j.jvs.2022.04.038
https://www.ncbi.nlm.nih.gov/pubmed/35970633
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC9188983
https://doi.org/10.1016/S0140-6736(20)30937-5
https://doi.org/10.1016/S0140-6736(20)30937-5
https://www.ncbi.nlm.nih.gov/pubmed/32325026
https://doi.org/10.1177/17085381221100380
https://pubmed.ncbi.nlm.nih.gov/35593210/
http://www.ncbi.nlm.nih.gov/pmc/articles/pmc9127456/
https://doi.org/10.1177/17085381221111226
https://www.ncbi.nlm.nih.gov/pubmed/35739076
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC9234371
https://doi.org/10.1053/j.semvascsurg.2022.12.002
https://doi.org/10.1053/j.semvascsurg.2022.12.002
https://www.ncbi.nlm.nih.gov/pubmed/36958904
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC9780019
https://doi.org/10.1097/FJC.0000000000001116
https://www.ncbi.nlm.nih.gov/pubmed/34321401
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8562915


July 2024, Vol 12, Issue 3

164

Appendix 1. Results of databases search

Database Keyword(s) Hits

Pubmed
((Peripheral artery disease) OR (peripheral arterial disease) OR (acute limb ischemia) OR 
(critical limb ischemia) OR (intermittent claudication)) AND((COVID-19) OR (diabetes) OR 
(diabetes mellitus)OR (hypertension) OR (high blood pressure) OR(comorbidities))

53

Google Scholar
((Peripheral artery disease) OR (peripheral arterial disease) OR (acute limb ischemia) OR 
(critical limb ischemia) OR (intermittent claudication)) AND((COVID-19) OR (diabetes) OR 
(diabetes mellitus)OR (hypertension) OR (high blood pressure) OR(comorbidities))

2,570

Cochrane
((Peripheral artery disease) OR (peripheral arterial disease) OR (acute limb ischemia) OR 
(critical limb ischemia) OR (intermittent claudication)) AND((COVID-19) OR (diabetes) OR 
(diabetes mellitus)OR (hypertension) OR (high blood pressure) OR(comorbidities))

138

Scopus
((Peripheral artery disease) OR (peripheral arterial disease) OR (acute limb ischemia) OR 
(critical limb ischemia) OR (intermittent claudication)) AND((COVID-19) OR (diabetes) OR 
(diabetes mellitus)OR (hypertension) OR (high blood pressure) OR(comorbidities))

100

Wiley
((Peripheral artery disease) anywhere OR (limb ischemia) anywhere OR (intermittent 
claudication) anywhere AND (COVID-19) anywhere OR (diabetes) anywhere OR 
(hypertension) anywhere OR (comorbidities) anywhere

24

Embase
(‘Peripheral artery disease’/exp OR ‘peripheral arterydisease’ OR (peripheral AND 
(‘artery’/exp OR artery)AND (‘disease’/exp OR disease)) OR ‘acute limb ischemia’:ti,ab,kw 
OR ‘critical limb ischemia’:ti,ab,kw)AND ‘covid 19’:ti,ab,kw

1,152

Proquest

Peripheral artery disease OR acute limb ischemia ORcritical limb ischemia AND COVID 19 
OR diabetesOR hypertension → tpi klo kek gni dptnya 300,659
Kalo cuma
Peripheral artery disease AND COVID 19 → 4720

4,849

Total 6,573

Full paper screened 342

Included 22
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No. Author, Year Study Design Location Length of Study Sample Size Types of Subjects

1 Bozzani et al. 2020 
[13] Retrospective cohort Italy March 1-April 30, 

2020 6 COVID-19 (+)

2 Bellosta et al. 2020 
[14] Prospective cohort Italy January-March, 2020 20 COVID-19 (+)

3a Mascia et al. 2020 
[15] Prospective cohort Italy March-April, 2019 & 

2020
16 COVID-19 (+)

3b 21 COVID-19 (-)

4a Bellosta et al. 2021 
[16]

Multicentric, retrospec-
tive, observational cohort 

study
Italy March 8-May 3 2020

68 COVID-19 (+)

4b 239 COVID-19 (-)

5a
Goldman et al. 2020 

[17] Retrospective cohort United 
States

January-April, 2020 16 COVID-19 (+)

5b January-April 2018 
& 2019 32 COVID-19 (-)

6a Yesilkaya et al. 2021 
[18] Retrospective cohort Turkey March 12-December 

31, 2020
11 COVID-19 (+)

6b 10 COVID-19 (-)

7a Goldman et al. 2020 
[17] Retrospective cohort United 

States
March 1-April 20, 

2020
15 COVID-19 (+)

7b 25 COVID-19 (-)

8 Topcu et al. 2021 
[20] Retrospective cohort Turkey September 1- Decem-

ber 31, 2020 6 COVID-19 (+)

9 Ilonzo et al. 2020 
[21] Retrospective cohort United 

States
March 1- April 15, 

2020 16 COVID-19 (+)

10 Sanchez et al. 2021 
[22]

Retrospective cohort 
(multicentric) Brazil March-July, 2020 30 COVID-19 (+)

11 Al-zoubi et al. 2021 
[23] Retrospective cohort Jordan November 1-

December 31, 2020 7 COVID-19 (+)

12 Etkin et al. 2020 
[24] Retrospective cohort United 

States
March 1-May 15, 

2020 49 COVID-19 (+)

13a
Li et al. 2020 [25] Cohort China

January 24-
March 31, 2020 15 COVID-19 (+)

13b 2019 50 COVID-19 (-)

14 Vo et al. 2022 [26] Cohort Retrospective United 
States

March 2020-
March 2021 26 COVID-19 (+)

15 Barac et al. 2021 
[27] Retrospective cohort Timișoara 1 month 22 COVID-19 (+)

16 de Athayde Soares 
et al. 2022 [28] Cohort Retrospective Sao Paolo March 2020-

March 2021 35 COVID-19 (+)

17 de Athayde Soares 
et al. 2022 [29] Cohort prospective Sao Paolo January 2020-

October 2021 23 COVID-19 (+)

18 Smolderen et al. 
2021 [30] Observational study Connecti-

cut
March 2020-

November 2020. 693 COVID-19 (+)

19 Alonso et al. 2020 
[31] Cohort prospective Cara-

banchel
March 2020-

May 2020 24 COVID-19 (+)

20 Ishihara et al. 2022 
[32] Retrospective cohort Japan January 2022 25 COVID-19 (+)

21 Pham et al. 2021 
[33] Retrospective cohort United 

States
January 20, 2020-

May 20, 2021 526 COVID-19 (+)

No. Author, Year
Age (Median 

(IQR)/Mean±SD 
(y))

Gender 
(M/F) BMI Hyper-

tension
Diabetes Mel-

litus

Atrial 
fibrila-

tion

Hyper-
lipid-
emia

Heart 
diseases 

(CAD/CHF)

1 Bozzani et al. 2020 
[13] 71 (IQR 49-83) 4/2 N/A N/A N/A N/A N/A N/A

2 Bellosta et al. 2020 
[14] 75±9 18/2 N/A N/A 3 (15.0) 5 (25.0) N/A N/A

Appendix 2. Characteristics of the included studies 
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No. Author, Year
Age (Median 

(IQR)/Mean±SD 
(y))

Gender 
(M/F) BMI Hyper-

tension
Diabetes Mel-

litus

Atrial 
fibrila-

tion

Hyper-
lipid-
emia

Heart 
diseases 

(CAD/CHF)

3a Mascia et al. 2020 
[15]

N/A N/A N/A N/A N/A 6 N/A N/A

3b N/A N/A N/A N/A N/A N/A N/A N/A

4a Bellosta et al. 2021 
[16]

73±12 N/A N/A N/A N/A N/A N/A N/A

4b 75±12 N/A N/A N/A N/A N/A N/A N/A

5a
Goldman et al. 

2020 [17]

70±14 9/7 28.0±5.6 13 (81.0) 8 (50.0) N/A 8 (50.0) 4 (25.0)

5b 71±15 16/16 28.2± 5.9 26 (81.0) 16 (50.0) N/A 16 
(50.0) 7 (22.0)

6a Yesilkaya et al. 
2021 [18]

71.2±13.9 5/6 26.54±3.83 7 (63.6) 5 (45.5) 0 (0.0) 1 (9.1) 4 (36.4)

6b 61.8±15.5 6/4 24.9±4.86 6 (60.0) 2 (20.0) 2 (20.0) 2 (20.0) 6 (60.0)

7a
Goldman et al. 

2020 [17]

64.0 (54.5-65.5) 10/15 32.6 (28.0-
32.8) 12 (80.0) 8 (53.3) 0 (0.0) 6 (40.0) 2 (13.3)

7b 70.0 (61.0-80.0) 10/25 25.5 (22.7-
30.0) 23 (92.0) 14 (56.0) 1 (4.0) 12 

(48.0) 9 (36.0)

8 Topcu et al. 2021 
[20] 62 (59-64.3) 5/1 N/A N/A N/A 0 (0.0) N/A 0 (0.0)

9 Ilonzo et al. 2020 
[21] 63.3 8/8 33.6 14 (87.5) 9 (56.3) N/A 12 

(75.0) 8 (50.0)

10 Sanchez et al. 2021 
[22] 60±15 23/7 N/A 10 (33.3) 8 (26.7) 3 (10.0) 1 (3.3) 4 (13.3)

11 Al-zoubi et al. 2021 
[23] 65.56±1.13 5/2 N/A 6 (85.7) 4 (57.1) N/A 3 (42.9) N/A

12 Etkin et al. 2020 
[24] 67(58–75) 37/12 28(25-32) 26 (53.0) 17 (35.0) 7 (14.0) 12 

(24.0) 8 (16.0)

13a
Li et al. 2020 [25]

70.93±10.18 12/3 N/A N/A N/A N/A N/A N/A

13b 69.22±9.67 38/12 N/A N/A N/A N/A N/A N/A

14 Vo et al. 2022 [26] 61.7 (33–82) N/A N/A 16 (61.5) 19 (73.1) 8 (30.8) 21 
(80.8) 4 (15.4)

15 Barac et al. 2021 
[27] 64.91±9.57 15/7 31.63±6.47 22 (100) 14 (63.64) N/A 18 

(85.71)

Cardiac ins-
suficiency 8  

36.36)

16 de Athayde Soares 
et al. 2022 [28] 72.51 21/14 N/A 30 (85.7) 28 (80) N/A N/A 21 (60)

17 de Athayde Soares 
et al. 2022 [29] 70.48±7.2 11/12 N/A 17 (73.9) 5 (21.7) N/A N/A 3 (13)

18 Smolderen et al. 
2021 [30] 72.5±13.6 349/344 N/A 482 (69.6) 387 (55.8) 274 

(39.5) N/A N/A

19 Alonso et al. 2020 
[31] 70±10 7/2 N/A N/A 8 (88.89) 2 (22) 6 (67.0) N/A

20 Ishihara et al. 2022 
[32] 73.8±4.8 16/9 21.4±4.4 14 (56) 19 (76) N/A 12 

(48.0) 21 (84.0)

21 Pham et al. 2021 
[33] 65.2±14.7 64/462 N/A 53 (10.1)

Type 1=5 (0.95)
Type 2=34 (6.5)
Both=39 (7.4)

17 (3.2) N/A 28 (5.3)

Husen TF, et al. PAD in COVID-19 Patient. Iran J Health Sci. 2024; 12(3):155-176.
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1 Bozzani et al. 2020 
[13] N/A N/A N/A N/A N/A N/A N/A N/A

2 Bellosta et al. 2020 
[14] 4 (20.0) N/A 4 (20.0) N/A 5 (25.0) 2200 (158-

301) 239±82 N/A

3a Mascia et al. 2020 
[15]

N/A N/A N/A N/A N/A N/A N/A N/A

3b N/A N/A N/A N/A N/A N/A N/A N/A

4a Bellosta et al. 2021 
[16]

N/A N/A N/A 186 
(60.6)

82 
(26.7)

N/A N/A N/A

4b N/A N/A N/A N/A N/A N/A

5a Goldman et al. 
2020 [17]

8 (50.0) 8 N/A N/A N/A N/A 264±91 1.41±0.82

5b 19 (59.0) 20 N/A N/A N/A N/A 264±94 1.14±0.22

6a Yesilkaya et al. 
2021 [18]

3 (27.3) 2 (18.2) N/A 4 (36.4) 3 (27.3) N/A N/A N/A

6b 5 (50.0) 7 (70.0) N/A 7 (70.0) 4 (40.0) N/A N/A N/A

7a
Goldman et al. 

2020 [17]

2 (13.3) 6 (42.9) N/A N/A N/A 8.5 (3.5-
17.1)

295.5 (170.5-
318.0) N/A

7b 13 17 (68.0) N/A N/A N/A 2.0 (1.5-
2.7)

261.0 (192.0-
331.0) N/A

8 Topcu et al. 2021 
[20] 1 (16.7) N/A N/A N/A N/A

7.085 
(1712.5-
13942.5)

N/A N/A

9 Ilonzo et al. 2020 
[21] 6 (37.5) 8 (50.0) N/A 5 (31.3) 3 (18.8) 654.3 367 1.25

10 Sanchez et al. 2021 
[22] 4 (13.3) 3 (10.0) 10 

(33.3) N/A 7 (23.3) 3.2 (1.6-
4.3) 284 (220-371) 1.06 (0.92-

1.26)

11 Al-zoubi et al. 2021 
[23] N/A 6 (85.7) 4 (57.1) N/A 5 (71.4) N/A N/A N/A

12 Etkin et al. 2020 
[24] 2 (4.0) 9 (18.0) N/A 14 

(29.0) 7 (14.0)
2,673 
(723–
7139)

N/A N/A

13a
Li et al. 2020 [25]

N/A N/A N/A N/A N/A N/A N/A N/A

13b N/A N/A N/A N/A N/A N/A N/A N/A

14 Vo et al. 2022 [26] 4 (15.4) 10 (38.4) 10 
(38.4) N/A 5 (19.2) N/A N/A N/A

15 Barac et al. 2021 
[27] N/A 10 (45.45) 16 

(72.72)
19 

(86.36) N/A 957±518.6 275545±82299 N/A

16 de Athayde Soares 
et al. 2022 [28] N/A N/A N/A N/A 33 

(94.3) 18 (51.4) N/A N/A

17 de Athayde Soares 
et al. 2022 [29] N/A 9 (39.1) N/A N/A N/A N/A N/A N/A

18 Smolderen et al. 
2021 [30] N/A N/A N/A N/A N/A N/A N/A N/A

19 Alonso et al. 2020 
[31] 5 (55) 4 (44) 7 (78) 5 (55) 1 (11) N/A N/A N/A

20 Ishihara et al. 2022 
[32] Stroke - 7 (28)

4 (16) > 
current 
smoking

N/A N/A N/A 1.6 (0.7-
3.0) 159.9±65.0 N/A

21 Pham et al. 2021 
[33] N/A N/A

Obes 
+over-
weight 
19 (3.6)

Aspirin 
35 (6.7)

56 
(10.6) N/A N/A N/A
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1 Bozzani et al. 
2020 [13] N/A N/A N/A N/A 5 (83.3) 2 (33.3) 1 

(16.7) 1 (16.7)

Post-opera-
tive mortality 
and amputa-

tion rate

2 Bellosta et al. 
2020 [14] N/A N/A N/A

With 
oth-

ers:20 
(100.0)

16 (80.0) 2 (10.0) 1 (5.0) 8 (40.0)

Successful 
revasculariza-

tion, early 
(<30 days) 
and late 

survival, and 
limb salvage

3a

Mascia et al. 
2020 [15]

N/A N/A N/A

With 
oth-

ers: 16 
(100.0)

13 (81.3) 2 (13.3) 2 
(13.3) 2

Limb salvage

3b N/A N/A N/A

With 
oth-

ers: 21 
(100.0)

16 (76.2) N/A 0 (0.0) 1 (6.25)

4a
Bellosta et al. 

2021 [16]

N/A N/A N/A N/A 68 (100.0) 29 (42.6) 6 (8.8) N/A Freedom 
from 

in-hospital 
death

4b N/A N/A N/A N/A 239 
(100.0) 48 (20.0) 5 (2.0) N/A

5a
Goldman et 
al. 2020 [17]

38.0±14.3 N/A N/A N/A 6 (37.5) 3/11 
(27.3)

4 
(25.0) 6 (37.5) Clot burden 

in patients 
with CO-
VID-195b 33.0±13.2 N/A N/A N/A 30 (93.7) 0/11 

(0.0)
1 

(3.125) 1 (3.125)

6a

Yesilkaya et 
al. 2021 [18]

N/A N/A 12.81±9.29 N/A 10 (90.9) 1 (9.1) 1 (9.1) 1 (9.1)
Clinical char-

acteristics 
of patients 
histopatho-
logical char-
acteristics of 

thrombo-
embolic 
material

6b N/A N/A 14.5±9 N/A 10 (100.0) 1 (10) 1 (10) 2 (20.0)

7a
Goldman et 
al. 2020 [17]

15.9 (14.7-20.8)
39.1 

(32.0-
47.4)

5.0 (5.0-
7.3)

Without 
others:4 

(26.7)
6 (4.0) N/A 0 (0.0) 6 (40.0)

Identify 
potential risk 

factors for 
arterial 

thromboem-
bolic disease

7b 15.2 (14.3-17.1)
33.1 

(29.5-
45.7)

5.0 (3.0-
10.5)

Without 
others: 
5 (20.0)

3 (12.0) N/A 3 
(12.0) 2 (8.0)

8 Topcu et al. 
2021 [20] N/A N/A N/A

Without 
others: 
3 (50.0)

With 
others: 
3 (50.0)

Interven-
tion: 1 

(16.7) Anti-
coagula-

tion only:1 
(16.7)

N/A 2 
(33.3)

Overall: 
2 (33.3)

Interven-
tion: 1 
(16.7)

Anti-co-
agulation 

only:1 
(16.7)

Outcomes 
of COVID-19 
patients with 

ALI
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9 Ilonzo et al. 
2020 [21] 36 N/A N/A

With 
oth-

ers: 16 
(100.0)

Interven-
tion: 7 

(43.8) Anti-
coagula-
tion only: 
2 (12.5)

N/A 0 (0.0)

Overall: 
4 (25.0)

Interven-
tion: 2 
(12.5)

Anti-co-
agulation 

only:1 
(6.3)

Mortality 
secondary: 

primary 
patency and 

morbidity

10 Sanchez et al. 
2021 [22] N/A

32.5 
(28.3-
37.8)

N/A

With 
oth-

ers: 30 
(100.0)

18 (60.0) N/A 9 
(30.0) 7 (23.3)

Clinical and 
surgical char-

acteristics

11 Al-zoubi et al. 
2021 [23] N/A N/A N/A N/A 1 (14.3) 1 (14.3) 1 

(14.3) 5 (71.4)
Demog-

raphy and 
outcomes

12 Etkin et al. 
2020 [24] N/A N/A N/A

Without 
oth-

ers: 28 
(57.0)
With 
oth-

ers: 21 
(43.0)

13 N/A 5 21

13a Li et al. 2020 
[25]

N/A N/A N/A N/A N/A N/A N/A 1 (6.7) Complica-
tions and 

death13b N/A N/A N/A N/A N/A N/A N/A 1 (2.0)

14 Vo et al. 2022 
[26] N/A N/A N/A 4 (15.4) 13 (50.0) N/A 7 

(26.9) 8 (30.8)

Outcomes 
of COVID-19 
patients with 

ALI

15 Barac et al. 
2021 [27] N/A N/A N/A

Anti-
platelet 

+ 
antico-
agulant 
preop-
erative 

22 
(100.00)

18 (81.8)
Revascu-
larization 
4 (18.2)

3 
(13.6) 3 (13.6)

16
de Athayde 
Soares et al. 

2022 [28]
N/A N/A N/A 33 

(94.3) 92.60% N/A 8 
(23.5) 14 (40)

The limb 
salvage rate 
and overall 
mortality

17
de Athayde 
Soares et al. 

2022 [29]
N/A N/A N/A 23 (100) 60.80% N/A 4 (25) 6 (38)

The limb 
salvage rate 
and overall 
mortality

18 Smolderen et 
al. 2021 [30] N/A N/A N/A N/A N/A N/A N/A 16 (24.5) Mortality
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19 Alonso et al. 
2020 [31] N/A N/A N/A N/A N/A N/A N/A N/A Acro-Isch-

emia

20 Ishihara et al. 
2022 [32] N/A N/A N/A N/A N/A N/A N/A 5 (20) 30-day 

mortality

21 Pham et al. 
2021 [33] N/A N/A N/A N/A N/A

Revascu-
larization 
89 (16.9)

31 
(5.894)

130 
(24.715)

Outcomes of 
ALI COVID-19 

180-day 
mortality, 

amputation

Appendix 3. Quality assessment of studies based on Newcastle-Ottawa quality assessment scale 
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COVID-19
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Selection of the 
non-exposed
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Drawn from a different 
source

No description of the 
derivation of the non-

exposed cohort
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cohorts on the b

asis of the design or 
analysis

Study controls for PAD 
without COVID- 19 √ √ √ √ √ √ √ √ √

Study controls for any 
additional factor. 

(This criteria could be 
modified to indicate 
specific control for 
a second important 

factor)

√ √ √ √ √ √

Outcome

Scale

Al
-z

ou
bi

 e
t a

l. 
20

21
 

[2
3]

Et
ki

n 
et

 a
l. 

20
20

 [2
4]

Li 
et

 a
l. 

20
20

 [2
5]

Vo
 e

t a
l. 

20
22

 [2
6]

Ba
ra

c e
t a

l. 
20

21
 [2

7]

de
 A

th
ay

de
 S

oa
re

s e
t 

al
. 2

02
2 

[2
8]

de
 A

th
ay

de
 S

oa
re

s e
t 

al
. 2

02
2 

[2
9]

Sm
ol

de
r e

n 
et

 a
l. 

20
21

 [3
0]

Al
on

so
 e

t a
l. 

20
20

 
[3

1]

Ish
ih

ar
a 

et
 a

l. 
20

22
 

[3
2]

Ph
am

 e
t a

l. 
20

21
 [3

3]
 

Assessment of 
outcome

Independent blind 
assessment 

Record linkage √ √ √ √ √ √ √ √ √ √ √
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outcome

Self-report
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Yes (1 month of the 
follow-u p period 

for the outcome of 
interest) 

√ √ √ √ √ √ √ √ √

No √ √ √ √

Adequacy of
follow up of

cohorts
 Subjects lost to 

follow up unlikely 
to introduce bias 
- small number 

lost >95 % follow 
up, or description 
provided of those 

lost) 

Complete follow up  
all subjects accounted √ √ √ √ √ √ √ √ √

Follow up rate <95% 
(select an adequate

%) and no description 
of those lost

No statement √ √

Total stars 5 7 5 9 9 7 8 8 7 9 8
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Appendix 4. Studies quality assessment based on Newcastle-Ottawa quality assessment scale-AHRQ standards

No. Author, Year Selection Comparability Outcome Quality Assessment based on AHRQ

1 Bozzani et al. 2020 [13] 4 1 1 6 (poor)

2 Bellosta et al. 2020 [14] 4 1 3 8 (good)

3 Mascia et al. 2020 [15] 4 2 1 7 (poor)

4 Bellosta et al. 2021 [16] 4 1 3 8 (good)

5 Goldman et al. 2020 [17] 4 1 3 8 (good)

6 Yesilkaya et al. 2021 [18] 3 2 3 8 (good)

7 Goldman et al. 2020 [17] 3 2 3 8 (good)

8 Topcu et al. 2021 [20] 3 1 3 7 (good)

9 Ilonzo et al. 2020 [21] 3 1 3 7 (good)

10 Sanchez et al. 2021 [22] 4 1 3 8 (good)

11 Al-zoubi et al. 2021 [23] 4 0 1 5 (poor)

12 Etkin et al. 2020 [24] 4 0 3 7 (poor)

13 Li et al. 2020 [25] 3 1 1 5 (poor)

14 Vo et al. 2022 [26] 3 2 3 9 (good)

15 Barac et al. 2021 [27] 4 2 3 9 (good)

16 Soares et al. 2022 [28] 3 1 3 7 (good)

17 Soares et al. 2022 [29] 3 2 3 8 (good)

18 Smolderen et al. 2021 [30] 3 2 3 8 (good)

19 Alonso et al. 2020 [31] 3 1 3 7 (good)

20 Ishihara et al. 2022 [32] 4 2 3 9 (good)

21 Pham et al. 2021 [33] 3 2 3 8 (good)

Notes: There are five studies with poor quality.
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