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Abstract

Background: Atrial fibrillation (AF) is the most common cardiac rhythm disturbance

and leads to morbidity and mortality. Peripheral artery disease (PAD) is associated

with atherosclerotic risk factors and always classified as a vascular disease and

deemed to be a bad complication of AF. In patients with AF, the risk and prognostic

value of PAD have not been estimated comprehensively.

Hypothesis: PAD is associated with all-cause mortality, cardiovascular (CV) mortality,

and other outcomes in patients with AF.

Methods: We searched PubMed, Embase, and Cochrane Library databases for pro-

spective studies published before April 2021 that provided outcomes data on PAD in

confirmed patients with AF. Heterogeneity was estimated using the I2 statistic. The

fixed-effects model was used for low to moderate heterogeneity studies, and the

random-effects model was used for high heterogeneity studies.

Results: Eight prospective studies (Newcastle-Ottawa score range, 7–8) with 39 654

patients were enrolled. We found a significant association between PAD and all-cause

mortality (hazard ratio [HR], 1.42; 95% confidence interval [CI], 1.25–1.62; p < .001), CV

mortality (HR, 1.64; 95% CI, 1.32–2.05; p < .001) and MACE (HR, 1.75; 95% CI, 1.38–

2.22; p < .001) in patients with AF. No significant relationship was found in major bleed-

ing (HR, 1.22; 95% CI, 0.95–1.57; p = 0.118), myocardial infarction (MI) (HR, 2.07; 95%

CI, 1.17–3.67; p = .038), and stroke (HR, 1.14; 95% CI, 0.87–1.50, p = 0.351).

Conclusions: PAD is associated with an increased risk of all-cause mortality, CV mor-

tality, and MACE in patients with AF. However, no significant association was found

with major bleeding, MI, and stroke.
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1 | INTRODUCTION

Atrial fibrillation (AF) is the most common cardiac rhythm disturbance

and leads to morbidity and mortality.1 The estimated worldwide prev-

alence of AF in a previous study was 596 per 100 000 men or

373 per 100 000 women, which amounts to approximately 33 million

patients.2 The incidence of AF increases with age. In Australia, Europe,

and the USA, the incidence of AF is >13% in people aged >80 years,

which is significantly higher than that in the entire adult cohort

(1%–4%).3 AF may cause various outcomes. Thromboembolic events,
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particularly in the brain, are thought to be the most important risk fac-

tors for the occurrence of strokes at an advanced age.4 In addition,

atherosclerotic diseases, such as myocardial infarction (MI) and heart

failure, also show increased prevalence in patients with AF.5 Several

underlying common atherosclerotic diseases and risk factors, including

hypertension (HTN), chronic kidney disease, and diabetes mellitus

(DM), promote the occurrence of AF.6 Therefore, AF not only acts as

a risk factor for atherosclerotic events but also as a consequence.

Peripheral artery disease (PAD) is also associated with atheroscle-

rotic risk factors that cause progressive narrowing of the lower extrem-

ity arteries.7 As an independent item of the CHA2DS2-VASC score,

which is used to guide antithrombotic therapy in patients with AF, it

has been closely correlated with the outcomes of AF.8 Furthermore,

the characteristics of PAD and AF overlap in terms of the pathogenesis,

epidemiology, outcomes, and treatment.9 Based on previous studies,

PAD has always been classified as a vascular disease and deemed to be

a bad complication of AF.10 In patients with PAD, a meta-analysis of

prospective studies has been performed to prove the prognostic impli-

cation of AF.11 However, in patients with AF, the risk and prognostic

value of PAD have not been assessed comprehensively. Therefore, we

performed a systematic review and meta-analysis of available prospec-

tive studies to estimate the risk associated with PAD for primary out-

comes, including mortality and stroke, in confirmed patients with AF.

2 | METHODS

2.1 | Search strategy

We followed the Meta-Analysis of Observational Studies in Epidemiol-

ogy guidelines for this meta-analysis.12 A systematic literature search

was performed mainly in PubMed, Embase, and Cochrane Library, and

we additionally used Google Scholar to offset any possible omissions.

We searched the database using the following medical subject headings:

“AF,” “peripheral artery disease,” “peripheral vascular disease,” “ankle
brachial index,” “outcome,” and “mortality.” Literature from 1949 to

2021 was searched, and only English articles were included. References

of reviews and original studies were manually searched for additional

studies. Ethical approval is not applicable for this study.

2.2 | Study inclusion criteria and primary outcomes

Only prospective cohort studies that included patients diagnosed with

AF and assessed the impact of PAD were included. Other inclusion

criteria were as follows: (1) mean follow-up of ≥1 year; (2) absence or

presence of PAD as a classification variable in patients diagnosed with

AF; and (3) full primary outcome data available including all-cause

mortality, cardiovascular (CV) mortality, major adverse cardiovascular

event (MACE) including MI, ischemic attack and CV mortality, major

bleeding, MI, and stroke. Clinical outcomes were compared between

the patients with and without PAD. The exclusion criteria were:

(1) review, systematic review, meta-analysis, case reports, and

conference abstracts; and (2) nonEnglish literature or unpublished lit-

erature. For reliability, we included studies in which PAD was defined

by the abnormal ABI (ankle brachial index).

2.3 | Data extraction and quality assessment

Study selection and quality assessment were conducted individually by

two investigators, and the differences were resolved by rechecking the

source data. The quality of the included studies was assessed using the

validated Newcastle-Ottawa Scale (NOS), which is used to evaluate

nonrandomized observational studies. The assessment items include

selection, comparability, and outcome, including representativeness of

the exposed cohort, selection of the nonexposed cohort, ascertainment

of exposure, demonstration that the outcome of interest was not pre-

sent at the start of the study, comparability of the cohorts on the basis

of the design or analysis, assessment of outcome, follow-up

long enough for outcomes to occur, and adequacy of follow-up of

cohorts. Every item represents a score of 1–2, and a higher total score

indicates that the quality of the study is better.13 Evaluated features of

the studies included the author; year of publication; country where the

study was performed; number of patients; mean age of the patients;

sex; follow-up duration; ratio of PAD, HTN, coronary artery disease

(CAD), DM patients; medical treatment (mainly comprising anticoagu-

lants, antiplatelet agents, statins, and angiotensin-converting-enzyme

inhibitors/angiotensin-II receptor blockers [ACEI/ARB]), and the main

confounder of each study. The definitions of PAD for each study are

shown in a separate table.(Suppl 7)The primary outcomes included all-

cause mortality, CV mortality, MACE, major bleeding, MI, and stroke.

All enrolled studies included the adjusted hazard ratio (aHR) of PAD for

the primary outcomes.

2.4 | Statistical analysis

Data analysis was conducted using the statistical software Stata ver-

sion 16.0 (StataCorp LP, College Station, TX, USA). The aHR and 95%

confidence interval (CI) from each study were collected for the analy-

sis. Statistical heterogeneity was estimated using the I2 statistic. I2

values of 25%, 50%, and 75% indicated low, moderate, and high het-

erogeneity, respectively.14 The fixed-effects model was used for low

to moderate heterogeneity studies, whereas a random-effects model

was used for high heterogeneity studies. Assessment of publication

bias was performed using the Begg and Egger test.

3 | RESULTS

3.1 | Study selection and baseline characteristics

A total of 2420 studies were identified in an initial tentative search.

The first 176 repetitions were excluded. Subsequently, 417 reviews,
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519 conference abstracts, and 94 case reports were excluded. The

remaining articles were screened by reading the titles and abstracts in

detail. After checking for duplicates and evaluating the titles and

abstracts, the full text of 109 articles was accessed for a specific

evaluation.

Finally, only eight eligible prospective studies were included in

the analysis15–22 (Figure 1), which comprised 39 654 patients with an

AF diagnosis. The features of these studies are listed in Table 1. Most

studies provided clear percentages or numbers pertaining to the mean

age (range 67.1–73.8 years), sex ratio (men 53.7%–64.7%), follow-up

period (range 1–4.8 years), ratio of PAD (range 3.7%–21.3%), ratio of

HTN (range 28.8%–87.9%), ratio of CAD (range 18.2%–38.2%), and

ratio of DM patients (range 9%–29.4%). Although information regard-

ing the medication use between the PAD and nonPAD groups was

collected as far as possible, the treatment variables were not well con-

trolled in some studies. Detailed information on the NOS score is

presented in Table 2. The quality of the enrolled articles was medium

to high, with a total score of 7–8. The main confounding factors

included medications, CAD, MI, and DM, which may have affected the

outcomes. All-cause mortality was provided in five studies, and CV

death was assessed in three studies. Furthermore, the hazard ratio of

MI was reported in three studies, while stroke was reported in four

studies.

3.2 | Association between PAD and all-cause
mortality in patients with AF

There are five articles researched the association between PAD

and all-cause mortality, comprised totally 1735 patients with PAD.

There was a significant association between PAD and all-cause

mortality (HR, 1.42; 95% CI, 1.25–1.62, p < .001; Figure 2). Analysis

of this outcome showed moderate heterogeneity between the

studies (I2 = 49.5%).

3.3 | Subgroup analysis between PAD and all-
cause mortality in patients with AF

We performed a subgroup analysis in age, NOS score, follow-up

duration and sample number (Table 3). Association was significant

generally in age ≥ 70 (HR, 1.34; 95% CI, 1.26–2.55; p < .001) or < 70

(HR, 1.80; 95% CI, 1.36–2.38; p < .001), and in younger subgroup the

heterogeneity was much higher (I2 = 74.4%). In NOS > 7 subgroup,

we also discovered a strong relationship between PAD and all-cause

mortality (HR, 1.44; 95% CI, 1.25–1.65; p < .001), with a moderate to

high heterogeneity (I2 = 61.4%). No relationship was found in NOS ≤7

subgroup (HR, 1.32; 95% CI, 0.89–1.97; p = .169) with a low hetero-

geneity (I2 = 0). When it comes to follow-up duration, a significant

association was also revealed whether in ≥2 year (HR, 1.35; 95% CI,

1.13–1.62; p < .001) or in <2 year (HR, 1.50; 95% CI, 1.25–1.81;

p < .001), with low heterogeneity in ≥2 year (I2 = 0) and high hetero-

geneity in <2 year (I2 = 72.5%). Finally, a remarkable association was

showed in ≥3000 sample number subgroup (HR, 1.46; 95% CI, 1.26–

1.69; p < .001), with a high heterogeneity (I2 = 72.5%). By the way, no

significant association was found in <3000 sample number subgroup

(HR, 1.28; 95% CI, 0.95–1.73; p = 0.103). Heterogeneity (I2 = 0) was

low between the studies.

3.4 | Association between PAD and other clinical
outcomes in patients with AF

A significant association between PAD and CV death was also rev-

ealed for (HR, 1.64; 95% CI, 1.32–2.05; p < .001; Suppl 2), with low to

moderate heterogeneity (I2 = 22.3%). The occurrence of PAD also

showed a strong relationship with MACE (HR, 1.75; 95% CI, 1.38–

2.22; p < .001; Suppl 3), with low heterogeneity (I2 = 0). The effect

size of each study were shown in Suppl 3 (Pastori 2018: HR, 1.80;

95% CI, 0.95–1.57; Inohara 2019: HR, 1.83; 95% CI, 1.32–2.55;

Vicente 2021: HR, 1.55; 95% CI, 0.96–2.52). Only two articles pro-

vided the HR for major bleeding, and no statistical difference was

found (HR, 1.22; 95% CI, 0.95–1.57; p = .118; Suppl 4). The heteroge-

neity (I2 = 0) between studies was low. Since there was a high hetero-

geneity (I2 = 74.6%) among the studies, a random-effects model was

used for data analysis. No significant difference was found between

the PAD and nonPAD groups with regard to MI (HR, 2.07; 95% CI,

1.17–3.67; p = .038; Suppl 5). Additionally, no significant association

was found between PAD and stroke (HR, 1.14; 95% CI, 0.87–1.50,

p = 0.351; Suppl 6). Heterogeneity (I2 = 11.1%) was low between the

studies.

3.5 | Sensitivity analysis and publication bias

We conducted a sensitivity analysis additionally in analysis between

PAD and all-cause mortality. Results of sensitivity analysis revealed

that after deletion of any study PAD still related with all-cause mortal-

ity strongly (Suppl 1). Each study was assessed using the Begg andF IGURE 1 Flow diagram
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Egger test; no apparent publication bias was found in the range of

Begg 0.308–1.000, and range of Egger 0.204–0.967.

4 | DISCUSSION

A comprehensive evaluation of the prognostic value of PAD in AF

was lacking before this meta-analysis. According to our results, the

occurrence of PAD in patients with AF can increase the risk and

incidence of several adverse clinical events, including all-cause

mortality, CV death, and MACE, but has no significant impact on

the incidence of major bleeding, MI, and stroke. In general, the pub-

lication bias in each study using the Begg and Egger test was not

significant and no publication bias was found (range of Begg:

0.308–1.000, range of Egger: 0.204–0.967). To ensure the evi-

dence level of the enrolled studies, we rejected reviews, confer-

ence abstracts, and case reports, and only prospective cohort

studies were selected.

Overall  (I-squared = 49.5%, p = 0.094)

Rasmussen 2011

Vicente 2021

Study

Proietti 2017

Hu 2017

Vitalis 2020

ID

1.42 (1.25, 1.62)

2.42 (1.64, 3.61)

1.23 (0.79, 1.94)

1.32 (0.89, 1.98)

1.36 (1.11, 1.67)

1.34 (1.06, 1.70)

ES (95% CI)

100.00

10.79

8.32

%

10.51

40.27

30.11

Weight

1.42 (1.25, 1.62)

2.42 (1.64, 3.61)

1.23 (0.79, 1.94)

1.32 (0.89, 1.98)

1.36 (1.11, 1.67)

1.34 (1.06, 1.70)

ES (95% CI)

100.00

10.79

8.32

%

10.51

40.27

30.11

Weight

1.25 .5 1 2 4 6 8

F IGURE 2 The association between PAD and all-cause mortality. ES, effect size

TABLE 3 Subgroup analysis between PAD and all-cause mortality in patients with AF

HR 95% CI I2 (%) Z p Model Bgger test Eegger test

All-cause mortality 1.42 (1.25,1.62) 49.5 5.35 <.001 Fixed model 0.806 0.571

Age

≥70 1.34 (1.26,2.55) 0 3.91 <.001 Fixed model 0.296 0.018

<70 1.80 (1.36,2.38) 74.4 4.09 <.001 Fixed model 1.000 —

NOS

>7 1.44 (1.25,1.65) 61.4 5.19 <.001 Fixed model

≤7 1.32 (0.89,1.97) 0 1.38 0.169 Fixed model

Follow-up

≥2 year 1.35 (1.13,1.62) 0 3.25 .001 Fixed model 1.000 —

>2 year 1.50 (1.25,1.81) 72.5 4.33 <.001 Fixed model 1.000 0.735

Sample number

≥3000 1.46 (1.26,1.69) 72.5 5.16 <.001 Fixed model 0.296 0.175

<3000 1.28 (0.95,1.73) 0 1.63 0.103 Fixed model 1.000 —

Abbreviations: NOS, Newcastle-Ottawa Scale; PAD, peripheral artery disease.
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The results of the analysis indicated that PAD promoted poor

outcomes in patients with AF, which was in accordance with other

unenrolled studies. A cohort analysis derived from the EORP-AF Gen-

eral Long-Term Registry, which was excluded from our study due to

the absence of respective hazard ratios of vascular diseases, showed a

higher incidence of major adverse events and all-cause death in PAD

patients.23 A previous nationwide cohort study in Taiwan included

30 203 PAD patients and 552 432 nonPAD patients, and demon-

strated a much higher HR of PAD for stroke (PAD, 1.71; nonPAD,

1.29) and CV death (PAD, 3.33; nonPAD, 5.04).24

We can assume that a synergistic effect exists between PAD and

AF for these clinical outcomes and a previous meta-analysis also con-

firmed the adverse impact of AF in patients with PAD.11 The mecha-

nisms for the associations between PAD and impacted outcomes are

worth investigating. An abnormally higher level of platelet activation

has been observed in patients with PAD,25 and a significant associa-

tion between platelet activation and CV risk has been reported by

other studies.26 Thus, the coexistence of PAD and AF may result in a

higher CV risk in all-cause mortality, CV death, and MACE. Further-

more, peripheral atherosclerosis was reported to increase the inflam-

matory state,27 which can negatively impact the AF. On the other

hand, this kind of systematic inflammation relates to the pathophysiol-

ogy of AF such as fibrosis and thrombogenesis, and may be the cause

and consequence of AF concurrently.28

On the basis of the outcomes of each study, some conclusions

could be made. Stroke is a common AF outcome, and shows a nonsig-

nificant independent association with PAD. This negative result may

be based on thrombogenesis as the main pathology of stroke instead

of atherosclerosis. Actually, in nonanticoagulated patients, the associ-

ation increased significantly. Results from the ARISTOTLE trial17 and

a sub-group analysis in the AFFIRM study21 are also consistent with

this phenomenon. Therefore, oral anticoagulation treatment performs

remarkably and efficiently in the prevention of stroke as a complica-

tion of AF and PAD, and the results of this sub-group analysis as well

as the results of our meta-analysis indicate that the presence of PAD

may be important for guiding anticoagulation treatment.

With regard to major bleeding, the negative result can be

explained by the same medical treatment given to the AF and PAD

coexistence cohorts. The bleeding risk in patients is always related to

medical anticoagulation treatment instead of AF itself or other compli-

cations.29 Patients who met the treatment criteria were rec-

ommended to undergo anticoagulation treatment according to the

guidelines,30 and demonstrated no association with the occurrence

of PAD.

In our study, PAD did not affect the MI incidence in patients with

AF, which may have been caused by the separation of the CAD and

PAD cohorts among patients, since PAD cannot directly lead to

MI. When estimating the risk factors for AF, PAD is always combined

with CAD or MI in a group of vascular diseases. The commonly used

anticoagulation treatment CHADS2-VAsc schema also merges the

items into one score as an addition to the old CHADS2 schema.31

Admittedly, vascular diseases have similar origins and risk factors, and

the differences between them deserve further discussion. Recently, a

cohort study revealed the distinctive features between PAD and CAD

patients, especially between critical limb ischemia and acute coronary

syndrome (ACS).24 Imparities were also reported in the pathology, epi-

demiology, and clinical outcomes.32–34 Even though the atheroscle-

rotic risk and CAD or PAD can sometimes cluster in one patient,

individual analysis is necessary for prognostic estimation. Although

the results of this study reveal the impact of PAD as an individual vas-

cular factor in patients with AF, the analysis of other factors still

remains an issue. A more refined prospective study and relevant ana-

lyses are needed.

Due to the negative effects of PAD, appropriate management

was necessary in patients with AF. First, diagnosis of PAD depends on

the ankle brachial index (ABI), which should be monitored in patients

with AF. Moreover, there was limited data on the effects of arrhyth-

mia on the accuracy of the ABI measurement and AF has been con-

firmed biasing blood pressure measurement,35 but a previous study

had proved the accuracy of the Doppler measuring method of ABI in

patients with AF.36 Overall, further related research is needed.

In terms of treatment, statins were recommended, and a previous meta-

analysis demonstrated that statins can reduce the incidence of major

adverse limb events (MALEs) in patients with PAD.37 However, there is

insufficient evidence for the use the statins in patients with AF without

an ischemic event until a meta-analysis claimed reduction of all-cause

mortality in patients with AF.38 Thus, we advocate a lipid monitor, a

more adequate evaluation of dyslipidemia and a radical but appropriate

treatment, even in patients with AF who are normolipidemic or without

ischemic events. Furthermore, PCSK9 inhibitors (PCSK9i) are more often

used in patients with dyslipidemia as an adjuvant therapy of statins or

monotherapy, and was proved to be able to significantly reduce the risk

of arteriosclerotic CV disease (ASCVD).39 On this basis, a previous study

claimed that PCSK9i also has a beneficial impact on the incidence of

MALE in patients with PAD.40 There is no definitive evidence for the use

of PCSK9i in patients with AF at present. On the other hand, the cost-

effectiveness of this therapy also limits the clinical application. However,

further research on PCSK9i in patients with AF and PAD, even

normolipidemic patients with AF, is needed.

Our study has several limitations. First, the sample size of PAD

patients was limited in each study, which interfered with the compari-

son of characteristics between baseline PAD and nonPAD cohorts. In

some aspect such as MI, the available data was relatively less, and

may lead to a false negative result. Second, we were not able to col-

lect enough data on lipid metabolism, which leads to that subgroup

analysis could not be conducted according to different status of lipid

metabolism. The lack of data in statins use also caused a considerable

restriction in this aspect. Third, the severity of PAD in the included

cohorts was unknown. Different types and severities of PAD may

influence the outcomes; however, we did not conduct any analysis in

this aspect. Further research is needed on the severities of PAD

between the clinical outcomes of patients with AF. Moreover, there is

an approximately 10-year time span between the earliest and latest

studies. Nonvitamin K antagonist oral anticoagulants are used much

more widely and may have caused treatment differences between

these studies.
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5 | CONCLUSION

The results of this meta-analysis showed that PAD is associated with

an increased risk of all-cause mortality, CV mortality, and MACE in

patients with AF. However, no significant association was found with

major bleeding, MI, and stroke. Although this conclusion was confined

to the included studies, it may help in prognostic estimation and

establishment of treatment guidelines for AF patients with PAD. Fur-

ther research is needed to determine the relationship and underlying

mechanism between AF and PAD.
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11. Vrsalovi�c M, Presečki AV. Atrial fibrillation and risk of cardiovascular

events and mortality in patients with symptomatic peripheral artery

disease: a meta-analysis of prospective studies. Clin Cardiol. 2017;40

(12):1231-1235.

12. Stroup DF, Berlin JA, Morton SC, et al. Meta-analysis of observational

studies in epidemiology: a proposal for reporting. JAMA. 2000;283

(15):2008-2012.

13. Wells G A, Shea B, O'Connell D, et al.: The Newcastle-Ottawa Scale

(NOS) for Assessing the Quality of Nonrandomised Studies in Meta-Ana-

lyses. 2000.

14. Higgins JPT, Thompson SG, Deeks JJ, et al. Measuring inconsistency

in meta-analyses. BMJ. 2003;327(7414):557-560.

15. Rasmussen LH, Larsen TB, Due KM, et al. Impact of vascular disease

in predicting stroke and death in patients with atrial fibrillation: the

Danish diet, cancer and health cohort study. J Thromb Haemost.

2011;9(7):1301-1307.

16. Violi F, Davì G, Proietti M, et al. Ankle-brachial index and cardiovas-

cular events in atrial fibrillation. The ARAPACIS Study Thromb

Haemost. 2016;115(4):856-863.

17. Hu PT, Lopes RD, Stevens SR, et al. Efficacy and safety of Apixaban

compared with warfarin in patients with atrial fibrillation and periph-

eral artery disease: insights from the ARISTOTLE trial. J Am Heart

Assoc. 2017;6(1):e004699.

18. Proietti M, Raparelli V, Laroche C, et al. Adverse outcomes in patients

with atrial fibrillation and peripheral arterial disease: a report from the

EURObservational research programme pilot survey on atrial fibrilla-

tion. Europace. 2017;19(9):1439-1448.

19. Pastori D, Pignatelli P, Sciacqua A, Perticone M, Violi F, Lip GYH.

Relationship of peripheral and coronary artery disease to cardiovascu-

lar events in patients with atrial fibrillation. Int J Cardiol. 2018;255:

69-73.

20. Inohara T, Shrader P, Pieper K, et al. Treatment of atrial fibrillation

with concomitant coronary or peripheral artery disease: results from

the outcomes registry for better informed treatment of atrial fibrilla-

tion II. Am Heart J. 2019;213:81-90.

21. Vitalis A, Shantsila A, Proietti M, et al. Peripheral arterial disease in

patients with atrial fibrillation: the AFFIRM study. Am J Med. 2021;

134(4):514-518.

22. Bertomeu-Gonzalez V, Moreno-Arribas J, Esteve-Pastor MA, et al.

Peripheral artery disease and clinical outcomes in patients with atrial

fibrillation: a report from the FANTASIIA registry. Eur J Clin Invest.

2021;51(4):e13431.

23. Gawałko M, Lodzi�nski P, Budnik M, et al. Vascular disease in patients

with atrial fibrillation. A report from polish participants in the EORP-

AF general long-term registry. Int J Clin Pract. 2020;11:e13701.

24. Lin YS, Tung TH, Wang J, et al. Peripheral arterial disease and atrial

fibrillation and risk of stroke, heart failure hospitalization and cardio-

vascular death: a nationwide cohort study. Int J Cardiol. 2016;15

(203):204-211.

25. Davi G, Gresele P, Violi F, et al. Diabetes mellitus, hypercholesterol-

emia, and hypertension but not vascular disease per se are associated

with persistent platelet activation in vivo: evidence derived from the

study of peripheral arterial disease. Circulation. 1997;96(1):69-75.

26. Sharma G, Berger JS. Platelet activity and cardiovascular risk in appar-

ently healthy individuals: a review of the data. J Thromb Thrombolysis.

2011;32(2):201-208.

27. Brevetti G, Piscione F, Silvestro A, et al. Increased inflammatory sta-

tus and higher prevalence of three-vessel coronary artery disease in

patients with concomitant coronary and peripheral atherosclerosis.

Thromb Haemost. 2003;89(06):1058-1063.

28. Harada M, Van Wagoner DR, Nattel S. Role of inflammation in atrial

fibrillation pathophysiology and management. Circ J. 2015;79(3):

495-502.

29. Singer DE, Chang Y, Fang MC, et al. The net clinical benefit of warfa-

rin anticoagulation in atrial fibrillation. Ann Intern Med. 2009;151(5):

297-305.

1056 ZHU ET AL.

https://orcid.org/0000-0003-1841-7229
https://orcid.org/0000-0003-1841-7229


30. January CT, Wann LS, Calkins H, et al. 2019 AHA/ACC/HRS focused

update of the 2014 AHA/ACC/HRS guideline for the Management of

Patients with Atrial Fibrillation: a report of the American College

of Cardiology/American Heart Association task force on clinical prac-

tice guidelines and the Heart Rhythm Society. J Am Coll Cardiol. 2019;

74(1):104-132.

31. Lip GY, Nieuwlaat R, Pisters R, et al. Refining clinical risk stratification

for predicting stroke and thromboembolism in atrial fibrillation using

a novel risk factor-based approach: the euro heart survey on atrial

fibrillation. Chest. 2010;137(2):263-272.

32. Narula N, Olin JW, Narula N. Pathologic disparities between periph-

eral artery disease and coronary artery disease. Arterioscler Thromb

Vasc Biol. 2020;40(9):1982-1989.

33. Takahara M, Iida O, Kohsaka S, et al. Diabetes mellitus and other car-

diovascular risk factors in lower-extremity peripheral artery disease

versus coronary artery disease: an analysis of 1,121,359 cases from

the nationwide databases. Cardiovasc Diabetol. 2019;18(1):155.

34. Vanassche T, Verhamme P, Anand SS, et al. Risk factors and clinical

outcomes in chronic coronary and peripheral artery disease: an analy-

sis of the randomized, double-blind COMPASS trial. Eur J Prev Cardiol.

2020;27(3):296-307.

35. Sykes D, Dewar R, Mohanaruban K, et al. Measuring blood pressure

in the elderly: does atrial fibrillation increase observer variability? Br

Med J. 1990;300(6718):162-163.

36. Dąbrowski M, Lewandowski J, Abramczyk P, Ło�n I, Gaciong Z,

Si�nski M. Atrial fibrillation does not affect ankle–brachial index mea-

sured using the Doppler method. Hypertens Res. 2018;41(1):60-65.

37. Pastori D, Farcomeni A, Milanese A, et al. Statins and major adverse

limb events in patients with peripheral artery disease: a systematic

review and meta-analysis. Thromb Haemost. 2020;120(05):866-875.

38. Pastori D, Baratta F, Di Rocco A, et al. Statin use and mortality in

atrial fibrillation: a systematic review and meta-analysis of 100,287

patients. Pharmacol Res. 2021;165:105418.

39. Gallego-Colon E, Daum A, Yosefy C. Statins and PCSK9 inhibitors: a

new lipid-lowering therapy. Eur J Pharmacol. 2020;878:173114.

40. Bonaca MP, Nault P, Giugliano RP, et al. Low-density lipoprotein cho-

lesterol lowering with evolocumab and outcomes in patients with

peripheral artery disease: insights from the FOURIER trial (further

cardiovascular outcomes research with PCSK9 inhibition in subjects

with elevated risk). Circulation. 2018;137(4):338-350.

SUPPORTING INFORMATION

Additional supporting information may be found online in the

Supporting Information section at the end of this article.

How to cite this article: Zhu J, Tan X, Zhou JZ. Peripheral

artery disease and clinical outcomes in patients with atrial

fibrillation: A systematic review and meta-analysis. Clin Cardiol.

2021;44(8):1050–1057. https://doi.org/10.1002/clc.23678

ZHU ET AL. 1057

https://doi.org/10.1002/clc.23678

	Peripheral artery disease and clinical outcomes in patients with atrial fibrillation: A systematic review and meta-analysis
	1  INTRODUCTION
	2  METHODS
	2.1  Search strategy
	2.2  Study inclusion criteria and primary outcomes
	2.3  Data extraction and quality assessment
	2.4  Statistical analysis

	3  RESULTS
	3.1  Study selection and baseline characteristics
	3.2  Association between PAD and all-cause mortality in patients with AF
	3.3  Subgroup analysis between PAD and all-cause mortality in patients with AF
	3.4  Association between PAD and other clinical outcomes in patients with AF
	3.5  Sensitivity analysis and publication bias

	4  DISCUSSION
	5  CONCLUSION
	  AUTHOR CONTRIBUTIONS
	  DATA AVAILABILITY STATEMENT

	REFERENCES


