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ABSTRACT
Introduction: Obstructive sleep apnea (OSA) is an established risk factor for poor cardiovas-
cular outcomes and coronary artery disease, but its influence on the development of periph-
eral artery disease (PAD) is not well established. The aim of our study was to understand the
mutual prevalence of OSA and PAD and any reported statistical association between the two
conditions.
Methods: PubMed, Ovid Embase, Web of Science, Cochrane library and clinicaltrials.gov
databases were systematically searched up to 29 November 2018. A total of 844 articles
were identified and 744 articles were screened for relevance.
Results and Conclusion: Eleven prospective cohorts qualified for inclusion with N = 63,642
(M = 28,062, F = 35,494). All studies evaluated OSA severity primarily with apnea–hypopnea
index (AHI) values. The overall prevalence of PAD was 20.5% (N = 13,068). Except for two
studies, all studies reported an increased prevalence of OSA in patients with PAD. OSA severity
was not found to have an association with poor ankle brachial index values or increasing
daytime sleepiness as measured by Epworth sleepiness scale. Further prospective clinical trials
are required to further delineate this finding.
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1. Introduction

Obstructive sleep apnea (OSA) is the most common
type of sleep-related disordered breathing syndromes
which is characterized by partial or complete obstruc-
tion of upper airway during sleep. It is accompanied by
hypoxemia and forceful efforts to breathe leading to
episodes of increased intrathoracic pressure [1].
Patients with OSA report an increased prevalence of
daytime sleepiness, systemic and pulmonary hyperten-
sion, headache and depression leading to poor concen-
tration [2] and quality of life [3]. It has also been well
established that OSA is associated with poor cardiovas-
cular outcomes like coronary artery disease (CAD),
atrial fibrillation, stroke [4] and myocardial injury [5].
Available evidence suggests that OSA is often under-
diagnosed, but the general reported prevalence is over
10% [6]. The high prevalence in patients with cardio-
vascular diseases has been consistently reported in
scientific literature. Even though the presence of per-
ipheral artery disease (PAD) is considered a poor prog-
nostic factor for cardiovascular diseases [7], it shares the
similar pathophysiologic factors with CAD [7], the
question of prevalence of OSA in this patient popula-
tion is largely unaddressed.

Multiple studies have shown that hypoxemic episodes
of OSA lead to a state of systemic inflammation,
increased level of circulating adhesionmolecules, reactive
oxygen species and endothelial injury that predispose
patients to an increased risk of atherosclerosis [4]. It
has also been postulated that OSA leads to poor cardio-
vascular outcomes owing to these atherogenic vascular
changes. Association ofOSAwithCAD and stroke is well
defined; limited data exist for its association with PAD.
Therefore, we conducted a comprehensive systematic
review to report the association of OSA in patients
with PAD.

2. Material and methods

The systematic review was done according to the
PRISMA statement and its summary is given in Figure 1.

A systematic search of databases as PubMed,
Embase, Web of Science and Cochrane library was
performed using the medical search terms and their
respective free words with the following search strat-
egy: ‘Obstructive Sleep Apnea’ in combination with
‘Peripheral Arterial Disease’. Additionally, unpub-
lished trials were identified from the clinicaltrials.
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gov website and references of all pertinent articles
were also scrutinized to ensure the inclusion of all
relevant studies. The search was completed on
29 November 2018 with no filters applied for lan-
guage, subjects or time period. After removing 100
duplicates, titles and abstracts of 744 articles were
screened for relevance by 2 independent reviewers
by reviewing the titles and abstracts of studies and
conflict was settled by discussion. A total of 47 arti-
cles were deemed relevant and their abstracts and full
texts were screened for eligibility.

The following eligibility criterion was used: Original
articles reporting most recent results for individual
studies that had evaluated the mutual prevalence or
association of peripheral arterial disease and OSA in
a clinical setting. The exclusion criteria were preclinical
studies (n = 4); studies with no available abstract or full
length manuscript (n = 1); interim results of studies
with no final results (n = 2), review articles (n = 3),
duplicates (n = 3), articles with no objective results
(n = 1) and article with no subjective data (n = 3;
these included case reports, media talks and correspon-
dence); studies having no PAD patient data (n = 14) and

studies with no OSA patient data in studied population
(n = 2) and irrelevant (n = 3).

The following 11 articles with N = 63,642 qualified
for this strict selection criterion: Vogel, G 2012,
Weisser, J 2012, Adam, L 2013, Pizarro, C 2014, Chen,
JC 2015, Romero, AJ 2013, Nagayoshi, M 2016,
Schahab, N 2016, Utriainen, K 2013, Schaefer,
CA 2015 and Shah, N 2015.

3. Results

3.1. Baseline characteristics

Eleven prospective cohorts qualified for inclusion
with N = 63,642, including 28,062 males and 35,490
females. Adam, L 2013 did not report the gender
distribution data for studied population (n = 90).
Majority of patients belonged to old age group and
mean (SD) age ranged from 59.6 ± 13.2 to
71.1 ± 9.8 years. The mean BMI data were reported
by six studies for a total of 10,963 patients and ranged
23–39 kg/m2. Among the baseline characteristics,
patients with PAD showed a significantly high
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Figure 1. PRISMA flow diagram.
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prevalence of hypertension, hyperlipidemia, smoking
and CAD. The data regarding the prevalence of dia-
betes mellitus (DM) in PAD patients were conflicting
and were reported by only two studies [8,9].
A summary of these characteristics is given in
Table 1.

3.2. Obstructive sleep apnea

The known or suspected OSA was present in 10,628
(16.7%) patients. Polysomnography was used for diag-
nosis of OSA in 2121 patients (20%) while home poly-
graphy was used in 8507 patients (80%). All studies
evaluatedOSA severity primarily with apnea–hypopnea
index (AHI) values. The mean AHI value was reported
by six studies [10–15] and it ranged 11.8–39 events/h.
The grades of OSA severity as per AHI values were
reported by eight studies for a total of 4518 patients
with OSA [9–12,14-17]. OSA was mild (AHI
5–15 events/h) in 2529 patients (55.97%), moderate
severity (AHI 15–30 events/h) in 1160 patients
(25.68%) and severe (AHI > 30 events/h) in 829
reported patients (18.35%). The daytime sleepiness
was estimated using Epworth sleepiness scale (ESS) in
six studies (N = 793) and the overall mean ESS value
ranged 9.05 ± 5.1–11.02 ± 4.19. Schaefer, CA 2015
showed that ESS score significantly correlated with
increasing severity of OSA (no OSA = 7.5, AHI-
1 = 7.8, AHI-2 = 10.06, AHI-3 = 11.02; p = 0.022) and
Shah, N 2015 reported ESS score to have no significant
association with the presence of PAD (patients with
PAD = 5.7 vs. no PAD = 5.9; p = 0.639). The oxygen
desaturation index (ODI) measured by PSG was
reported by six studies [14,15,17] for 445 OSA patients
and for 48 patients with sleep disordered breathing and
it ranged 8.9 ± 14.2–30.7 ± 25 events/h. Among these
six studies, only Adam, L 2013 evaluated the association
of ODI with AHI values and reported a positive correla-
tion with increasing AHI severity (R = 0.303, p = 0.024).

3.3. Peripheral artery disease

The known PAD was present in 13,068 (20.5%)
patients. Ankle brachial index (ABI) was screening
method in all cases, but additional screening tests
including pulse wave velocity (PWV) and duplex ultra-
sonography were also performed to assess the influence
of atherosclerotic plaque on regional blood flow.

Except for one study [18], all studies reported an
increased prevalence of OSA in patients with PAD
and vice versa. Schaefer et al. and Adam et al. ran the
log regression model to find association of OSA and
PAD and found that significant association persisted
even when the data were adjusted for age, hyperlipi-
demia, diabetes, smoking and presence of systemic
hypertension (OR = 1.60, p < 0.001) (adjusted
OR = 1.37, p = 0.014). But in the subgroup analysis

evaluating multiple testing modalities for both condi-
tions, studies reported somehow heterogeneous data.
Three studies [10–12] (N = 241) found a statistically
significant association of worsening central PWV
with increasing severity of AHI (p < 0.05, p = 0.006,
p = 0.003, respectively). But data were conflicting
regarding the association of AHI severity with PWV
and intermittent claudication. Two studies [11,14]
found a significant reduction in PWV with increasing
apnea severity (p = 0.02, p = 0.01, respectively), while
one study (Vogel, G 2012 [10]) found no significant
difference in PWV among AHI groups. Regarding
the claudication severity, Vogel, G 2012 reported no
difference among AHI groups but a significant dif-
ference (p = 0.01) was reported by Schaefer, CA 2015.
Four studies [10,11,17,18] calculated any potential
association of ABI values with OSA severity mea-
sured by AHI values but found no statistically sig-
nificant association.

4. Discussion

Association of OSA has been well studied in numer-
ous cardiovascular conditions including hyperten-
sion, coronary heart disease (CHD), arrhythmias,
heart failure and cerebrovascular stroke. The plausi-
ble mechanisms that link OSA to the development of
PAD are most likely similar to those linking it to
abovementioned conditions including repetitive epi-
sodes of hypoxemia, hypercapnia promoting inflam-
mation and oxidative stress, subsequently endothelial
dysfunction. However, until the present, clinical evi-
dence for the association between OSA and PAD is
lacking. The fact that abovementioned risk conditions
and PAD are highly correlated makes it difficult to
interpret the causal relationship between OSA
and PAD.

Current evidence suggests that OSA is associated
with increased carotid artery atherosclerosis and man-
agement of OSA appears to reverse carotid artery
atherosclerosis. PAD affects almost 8.5 million
Americans aged 40 or older causing disabling symp-
toms due to severe claudication. PAD itself is a marker
of underlying atherosclerosis severity and it shares
large number of risk factors with OSA, i.e., obesity,
smoking, hypertension and diabetes. Nagayoshi et al.
while reporting a pool of 7209 patients found
a significant association of OSA and PAD in African
American population. This association persisted even
after adjustment for confounding factors like age, dia-
betes, gender etc. (Table 2).

In their sample, both short and long sleepers were
found to have higher prevalence of PAD. Likewise,
Chen et al. 2015 showed that in age- and sex-matched
pair analysis, moderate-to-severe OSA shows high
association with PAD (OR = 1.60, p < 0.001). This
effect maintained its statistical significance when
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baseline confounding factors were adjusted (adjusted
OR = 1.37, p = 0.014) [8]. However, this association
was attenuated on further adjustment for relevant
confounders including hypertension, hyperlipidemia
and DM (adjusted OR = 1.26, p = 0.075).

Shah et al. 2015 while reporting data for 8367
patients showed that OSA is associated with severe
PAD (OR = 1.67, 95% CI = 1.10–2.51, p = 0.0152)
only when AHI of 15 was reached. And except for
race, this association was not affected by baseline con-
founding factors like age, sex, BMI, waist–hip ratio,
hypertension, diabetes, CHD, dyslipidemia, C reactive
protein (CRP) levels, smoking, alcohol use and
Hispanic/Latino background. This incoherence in out-
come of different measuring variables was also shown
by other studies.

Continuous positive airway pressure (CPAP) is the
treatment of choice for OSA and results in significant
improvement in systemic inflammation, reduction of
cholesterol level, daytime sleepiness and quality of life
[3,19]. A recent meta-analysis of case-control studies
has also shown that CPAP results in significant
improvement in levels of inflammatory markers as
CRP, Tumor Necrosis Factor (TNF) and InterLeukin-
6 (IL-6) [19]. But coagulation abnormalities have
been shown to persist even with prolonged therapy
and treatment with CPAP has not resulted in reversal
of vascular atherosclerotic plaque formation.
Observational studies have documented a benefit of
CPAP therapy in CAD patients with reduction in
cardiovascular complications and death from cardiac
cause [20]. However in contrast, recent RCTs have
not verified benefit of CPAP in reduction of the long-
term cardiovascular outcomes, i.e., Myocardial
Infarction (MI), stroke, atrial fibrillation, heart failure
and unstable angina [21]. Therefore, the impact of
CPAP therapy and its influence on the PAD risk
warrants further investigation.

Our results have some limitations: The observa-
tional design of majority of included studies limits the
inference of any casual association for their patient
data. Moreover, our studies have not commented on
the possible link of PAD with atherosclerosis in other
vascular beds. The lack of homogeneity of association
in results of all the clinical tests for OSA and PAD
warrants further investigation. But despite these limita-
tions, OSA has emerged as an independent risk factor
for the PAD development.

5. Conclusion

To our knowledge, this is the first systematic review
that has discussed the role of OSA in PAD and their
mutual association. Results show that although there
is a direct link between the two diseases, the results
are variable regarding the clinical variables used for
the evaluation of OSA and PAD, but AHI has beenTa
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shown to truly depict the OSA severity and its asso-
ciation with peripheral arterial disease. Further pro-
spective studies are required to further delineate the
disease association and its possible pathophysiologic
link with atherosclerosis in other vascular beds.
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