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Abstract

Purpose and methods

A meta-analysis using data from seven German population-based cohorts was performed
by the German Epidemiological consortium of Peripheral Arterial Disease (GEPArD) to
investigate whether one question about claudication is more efficient for PAD screening
than established questionnaires. Claudication was defined on the basis of the answer to one
question asking for pain in the leg during normal walking. This simple question was com-
pared with established questionnaires, including the Edinburgh questionnaire. The associa-
tions of claudication with continuous ABI values and decreased ABI were analyzed by linear
and logistic regression analysis, respectively. The results of the studies were pooled in a
random effect meta-analysis, which included data from 27,945 individuals (14,052 women,
age range 20-84 years).
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Results

Meta-analysis revealed a significant negative association between claudication and ABI,
which was stronger in men (8 = -0.07; 95%CI -0.10, -0.04) than in women (8 = -0.02; 95%CI
-0.02, -0.01). Likewise, the presence of claudication symptoms was related to an increased
odds of a decreased ABI in both men (Odds ratio = 5.40; 95%Cl 4.20, 6.96) and women
(Odds ratio = 1.99; 95%CI 1.58, 2.51).

Conclusions

Asking only one question about claudication was able to identify many individuals with a
high likelihood of a reduced ABI with markedly higher sensitivity and only slightly reduced
specificity compared to more complex questionnaires. At least in men, this question should
be established as first screening step.

Introduction

Peripheral arterial disease

Peripheral arterial disease (PAD) is an underdiagnosed disease with high cardiovascular and
cerebrovascular morbidity and mortality[1, 2]. It affects over 200 million adults around the
world[3] and is associated with a relevant number of major adverse limb events (MALE)[4, 5].
Therefore current guidelines recommend to implement and support medical and public
awareness of PAD[1]. While prognostic improvement of interventional or surgical treatment
of stable PAD could not be demonstrated so far, exercise, smoking cessation, healthy diet,
weight loss in overweight people and pharmacological prophylaxis may prevent major adverse
cardiovascular events (MACE) and major adverse limb events (MALE), especially if PAD is
diagnosed at an earlier clinical stage. For example, aggressive lipid lowering therapy can reduce
major adverse cardiovascular and limb events in PAD patients[6], with a larger risk reduction
in comparison to atherosclerotic patients without PAD.

In a study with 18500 French general practitioners, intermittent claudication was well
known, but knowledge of recommendations for further diagnostic workup and treatment of
PAD was poor[7].

In order to diagnose most individuals with PAD, regular measurements of the ankle-bra-
chial index (ABI) in the whole population starting at an age of about 40 years seem to be useful.
Currently, general practitioners usually do not screen for PAD. ABI measurements need train-
ing, equipment and are time- consuming. No established simple and fast screening strategies
were available.

While PAD is sufficiently prevalent for screening, increases all-cause and cardiovascular
mortality by 2-3 fold and an accurate test (ABI measurement) is available, adequately powered
studies on morbidity and mortality reduction and cost-effectiveness of screening have been
lacking[8]. However, in the VIV A study, a combined screening approach for PAD
(ABI < 0.90 or > 1.4), abdominal aortic aneurysm and hypertension screening versus no
screening was tested in 50156 Danish men at age 65-74 years[9]. Screened men, in which one
of the above mentioned diseases were found, received pharmacologic treatment (in PAD, daily
doses of 75 mg aspirin and 40 mg simvastatin) along with instructions on diet, smoking cessa-
tion and exercise. In the screening group, a 7% lower mortality was achieved after a median
follow-up of 4.4 years at a cost of € 2148 per gained quality adjusted life year. This result
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therefore challenges the current guideline recommendation not to prescribe aspirin in patients
with asymptomatic PAD[1].

Ankle-brachial index

The most important criterion for the definition of peripheral arterial disease (PAD) is an
ankle-brachial index (ABI) below 0.90. Low ABI is associated with increased mortality and
morbidity[10]. Thereby, ABI is not only a diagnostic, but also an important prognostic marker
[11]. In clinical routine, ABI measurements are rarely performed, unless claudication symp-
toms have been mentioned by the patient. These measurements are usually only performed by
vascular specialists for diagnosis of PAD and follow-up after interventional or surgical PAD
treatment. Use of ABI measurements is also hampered by lack of adequate financial compensa-
tion in most areas of Germany.

Claudication

Claudication as a major clinical symptom of PAD could also be identified as an independent
predictor of increased mortality based on data from the population-based Study of Health in
Pomerania (SHIP)[12]. Of note, in this study claudication was defined on the basis of a posi-
tive answer to only one question asking for pain or cramps in the leg(s) during normal walking
for the main analysis. Traditionally, in population-based or large clinical studies, different
questionnaires were used to define claudication. Often, the Rose Questionnaire[13-17], Edin-
burgh Questionnaire[18] or Framingham Questionnaire[19-21] were used. Development of
the Rose questionnaire, which has widely been used since its first publication in 1962[22], was
based on a small number of patients. While being highly specific (90-100%) in comparison to
the diagnosis of intermittent claudication made by a physician, it is not very sensitive (60—
68%)[23]. The Edinburgh questionnaire, a simplified modification of the Rose questionnaire,
improves sensitivity (91%) and specificity (99%), which was likewise evaluated in comparison
to the clinical evaluation of a physician[23] (4). Using questionnaires enables the identification
of some symptomatic patients, but is time-consuming and currently not established in primary
medical care. However, one question asking for pain in the leg(s) during normal walking
could easily be integrated in the ascertainment of a routine medical history.

Association between claudication and ABI

Large studies analyzing the association between claudication and ABI are missing. Therefore, we
performed a meta-analysis within the German Epidemiological Peripheral Arterial Disease
(GEPArD) consortium using cross-sectional data from seven population-based cohort studies to
investigate the association between claudication and ABI in both sexes, using different definitions
of claudication, ranging from one single question to the Edinburgh Questionnaire. Data from
seven well-established cohort studies, which cover different regions of Germany, were analyzed.

This analysis was performed, because PAD awareness would be significantly improved if
many patients could be identified by a single question of a general practitioner. As individuals
with severe PAD are more likely to actively seek physician’s advice, it would especially be of
great help to identify those with mild PAD.

Methods
The GEPArD consortium and study population

This consortium was founded to jointly perform analyzes on PAD-related research questions
using epidemiological data from different German regions. For the current analyses we included
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Table 1. Claudication questions.

data from all recent German population-based cohorts with data on claudication and ABI, we are
aware of. Cross-sectional data from seven population-based cohorts were available: Cardiovascular
disease, living and ageing in Halle (CARLA)[24], Gutenberg Health Study (GHS)[25, 26], Heinz-
Nixdorf-Recall-Studie (HNR)[27, 28], Cooperative Health Research in the Region of Augsburg
(KORA) F3, KORA F4[29, 30], and the Study of Health in Pomerania (SHIP)-2, SHIP-TREND
[31]. The studies comply with the Declaration of Helsinki, the locally appointed ethics committees
have approved the research protocols (CARLA: Ethics Committee of the Medical Faculty of the
Martin- Luther- University Halle- Wittenberg; GHS: Ethics committee of the State Medical Coun-
cil of Rhineland-Palatinate; HNR: Ethics Committee of the Essen University Hospital; KORA: Eth-
ics committee of the Bavarian Chamber of Physicians; SHIP: Ethics Committee of the University
of Greifswald) and informed consent has been obtained from all participants. For this meta-analy-
sis anonymized data from participants of 7 population-based cohorts were analyzed.

Inclusion and exclusion criteria

The above mentioned seven population-based cohorts included men and women who were
randomly selected from regional population registries, if they followed the invitation to take
part. For this analysis, all participants of these studies with valid data on claudication, ABI and
covariates were included. Participants with prior percutaneous transluminal angioplasty or
bypass surgery of peripheral arteries, who were already diagnosed with PAD, were excluded
from this analysis.

Assessment of claudication, ABI and covariates

Ankle and brachial blood pressure values were obtained from the first examination of each
participating study. In all studies, the highest ankle pressure of each leg was documented and
then the leg with the lower ankle pressure was used for the calculations of this analysis. An
ABI < 0.90 was defined as low ABI. Claudication was analyzed according to different ques-
tionnaires or a single question (Table 1). The association between claudication and ABI was

Question # | Definition 1 Definition 2 Definition 3 (Edinburgh questionnaire)
1 Do you get a pain in either | Do you get a pain or discomfort in your leg(s) Do you get a pain or discomfort in your leg(s) when you walk?
leg on walking? when you walk? (Yes, No, I am unable to walk)
(Yes, No) (Yes, No, I am unable to walk)
2 Does this pain ever begin when you are standing | Does this pain ever begin when you are standing still or sitting?
still or sitting? (Yes, No)
(Yes, No)
3 Alternative 1 (from Rose questionnaire): Do you get this pain in your

calf (or calves)?

(Yes, No)

Alternative 2 (from pain localization drawing of the Edinburgh
questionnaire): ,,yes”if pain is localized in calf/calves

4 Do you get it if you walk uphill or hurry? Do you get it if you walk uphill or hurry?
(Yes, No) (Yes, No)
5 Do you get it when you walk at an ordinary pace | Do you get it when you walk at an ordinary pace on the level?
on the level? (Yes, No)
(Yes, No)
6 What happens to it if you stand still? What happens to it if you stand still?
(Usually continues more than 10 minutes, Usually | (Usually continues more than 10 minutes, Usually disappears in 10
disappears in 10 minutes or less) minutes or less)
Analyzed | All studies CARLA, GHS, KORA F3, KORA F4 GHS, KORA F3, KORA F4

mn:

https://doi.org/10.1371/journal.pone.0224608.t001
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analyzed for three different claudication definitions. Definition 1 used just one question on
pain or cramps in the legs while walking. Definition 3 used the questions of the Edinburgh
questionnaire (in GHS participants were asked if they experience pain in the calf/calves instead
of drawing pain localization in the calf/calves), in definition 2 the question on pain localization
in the calf was left out.

Information on covariates was derived from interviews or by standardized measurements.
Smoking status was classified as never/ex-smokers or current smokers. Hypertension was
defined by either self-reported use of antihypertensive medication or a systolic BP >140
mmHg and/or a diastolic value > 90 mmHg (calculated by mean of the second and third value
out of three measurements, assessed after a 5 min resting period in sitting position). Diabetes
mellitus was defined by self-reported physician’s diagnosis or use of antidiabetic medication
(ATC code A10) or by HbA1c>6.5%. Use of lipid modifying medication was assessed based
on ATC coding (code C10). Waist circumference (WC) was assessed to the nearest 0.1 cm
using an inelastic tape measure. Serum levels of low density lipoprotein (LDL) and high den-
sity lipoprotein (HDL) cholesterol were assessed by the methods described for each cohort
previously.

Statistical analyses

The association between claudication with continuous ABI values was analyzed in a linear
regression analysis for each cohort separately. Likewise, the association between claudication
with low ABI values was analyzed in a logistic regression analysis on cohort-level. The results
of the population-based studies were then pooled in a meta-analysis. Study-specific effect sizes
for the association between claudication and ABI were combined to a pooled effect size by ran-
dom-effect meta-analysis[32]. Random effects were applied because the I* pointed towards
heterogeneity of the estimates across the studies assuming that the true effect sizes are signifi-
cantly different between the studies as indicated by the p-value for heterogeneity provided in
the graphics. Meta-analysis was conducted using the metan command in STATA 13.1 (Stata
Corporation, College Station, TX, USA). Based on data from the largest cohort, GHS, addi-
tionally sensitivity and specificity of each of the three definitions to detect low ABI was calcu-
lated for two different age-groups (>55 to <65 years, >65 to <75 years). The methods were
carried out in accordance with the relevant guidelines and regulations.

Results

Opverall data of 27,945 subjects (14,052 women, age range 20-84 years) could be included into
the respective analyses. Characteristics of the samples are shown in Table 2.

Frequencies of claudication and ABI values

The proportion of participants complaining of claudication varies largely between the different
cohorts with a minimum of 5.7% (HNR) and a maximum of 31% (CARLA) when definition 1
(asking one question for pain in the leg/ legs one walking) (Table 2) was used. According to
the definitions 2 and 3 (Table 2), the proportion of affected subjects is markedly lower with
much smaller inter-cohort differences (between 1.4% in GHS for definition 3 and 5.5% in
KORA F4 for definition 2).

The unadjusted mean ABI reached from 1.04 to 1.19 among the participating studies, while
the proportion of participants with low ABI varied between 1.2% and 6.2% (Table 1).
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Table 2. Characteristics of study samples.
Characteristic CARLA KORA F3 KORA F4 GHS HNR SHIP-2 SHIP-TREND
N 1779 2901* 1730* 14342 3252 1386 2555
Age, years 64 (55;73) 57 (46; 67) 64 (58;71) 55 (46; 64) 59 (53; 66) 57 (46; 67) 53 (41; 64)
Men, n (%) 967 (54 %) 1413 (48.7%) 857 (49.5%) 7165 (50.0%) 1535 (47.2%) 686 (49%) 1270 (50%)

Hypertension, n (%)

Diabetes mellitus, n (%)
Family History of MI, n (%)**
Family History of stroke, n (%)

Smoking status Current smoker,
n (%) Ex-smoker, n (%) Never
smoker, n (%)

Total cholesterol, mmol/L

HDL cholesterol, mmol/L

LDL cholesterol, mmol/L

Lipid lowering drugs, n (%)

Waist circumference, cm

Claudication Definition 1
Definition 2 Definition 3

Mean ABI

Decreased ABI (<0.9)

1405 (79 %)
274 (15 %)
105 (6%)
69 (4%)

344 (19 %) 636

(36%) 798
(45%)

544 (4.81;
6.13)

1.33 (1.10;
1.63)

3.22 (2.65;
3.83)

295 (17 %)
100 (92; 108)

552 (31 %) 36
(2 %) 36 (2 %)

1.19 (1.12;
1.26)

77 (4.4 %)

https://doi.org/10.1371/journal.pone.0224608.t1002

1439 (49.6%)
226 (7.8%)
75 (2.6%)
63 (2.2%)

546 (18.8%)
1068 (36.8%)
1287 (44.4%)

902 (52.1%)
178 (10.3%)
79 (4.6%)
49 (2.8%)

213 (12.3%) 714
(41.3%) 803
(46.4%)

7094 (49.5%)
1305 (9.1%)
2355 (16.4%)
1278 (8.9%)

2775 (19.3%)
4970 (34.7%)
6597 (46.0%)

1863 (57.3%)
377 (11.6%)

n.a.

731 (53%)
184 (13%)
48 (3.5%
38 (2.8%

248 (18%)
606 (44%)
532 (38%)

1200 (47%)
275 (11%)
73 (2.9%)
45 (1.8%)

588 (23% 982
(38%) 985 (39%)

)
n.a. )
811 (24.9%) 1120
(34.4%) 1321
(40.6%)

5.58 (4.94;6.26) | 5.72 (5.07; 6.41) | 5.67 (4.97;6.37) | 5.93 (5.25; 6.57) 5.40 (4.70; 5.40 (4.70; 6.20)
6.20)
1.45(1.19; 1.76) | 1.40 (1.17;1.68) | 1.42(1.19;1.74) | 1.50 (1.19;1.78) 1.40 (1.16; 1.40 (1.17; 1.66)
1.67)
3.28 (2.71;3.83) | 3.59 (3.00;4.22) | 3.55(2.95;4.17) | 3.77 (3.13; 4.37) 3.33 (2.70; 3.35 (2.72; 3.98)
3.97)
313 (10.8%) 327 (18.9%) 1881 (13.1%) 434 (13.4%) 260 (19%) 353 (14%)
95 (85.4,103.5) | 96.55(88.40; | 93.6 (84.7;103.1) | 103.0 (96.3;108.2) | 92 (82;101) 90 (80; 100)
105.1)
600 (20.7%) 161 | 280 (16.2% 74 | 1091 (7.6%) 284 | 185 (5.7%)—- 130 (9.4)—- | 194 (7.6%)—-
(5.5%) 75 (2.6%) | (4.3%) 53 (2.0%) 201
(3.1%) (1.4%)
1.12 (1.05; 1.20) | 1.16 (1.08;1.23) | 1.04(0.99;1.10) | 1.10(1.03;1.18) 1.12 (1.07; 1.12 (1.07; 1.18)
1.18)
108 (3.7%) 96 (5.5%) 763 (5.3%) 202 (6.2%) 33 (2.4%) 31 (1.2%)

Association between claudication and ABI

For claudication definition 1, the meta-analysis demonstrated a significant negative associa-
tion between claudication and ABI, which was more pronounced in men. Specifically, men
with claudication had a 0.07 units lower ABI than those without claudication (95% confidence
interval -0.10, -0.04; p<0.001) (Fig 1). This difference was markedly smaller in women (3 =
-0.02; 95% confidence interval -0.02, -0.01; p<0.001) (Fig 2). Furthermore, in logistic regres-
sion analysis claudication was associated with a significantly higher probability for an ABI
<0.90 and this association was stronger in men (odds ratio 5.4; 95% confidence interval 4.20,
6.96; p<0.001) (Fig 3) compared to women (odds ratio 1.99; 95% confidence interval 1.58,
2.51; p<0.001) (Fig 4).

For claudication definitions 2 and 3, effect sizes and Odds Ratios increase with increasing
complexity of the definitions, both in men and women. For definition 3, which is only avail-
able in both KORA studies and GHS, though, Odds Ratio for low ABI is 13.99 (95% confidence
interval 9.37, 20.89; p<0.001) in men and 8.16 (95% confidence interval 2.98, 22.32; p<0.001)
in women.

Sensitivity and specificity of claudication definitions

Calculation of sensitivity and specificity of each of the three definitions to detect low ABI,
based on data from the largest cohort, GHS, revealed a low sensitivity for all definitions which
decreases markedly from definition 1 to 3. The specificity is very high (>90%) for all claudica-
tion definitions with a slightly lower value for definition 1 as compared to definitions 2 and 3
(Table 3).
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Males

Study

ID B (95% Cl)

GHS —~— -0.08 (-0.09, -0.07)
SHIP-2 —_— -0.02 (-0.05, 0.00)
SHIP-Trend — -0.05 (-0.08, -0.03)
KORA-F3 P -0.04 (-0.06, -0.02)
KORA-F4 —_— -0.11 (-0.15, -0.08)
CARLA —— -0.05 (-0.07, -0.03)
HNR A ; -0.14 (-0.17, -0.12)
Overall (I-squared = 91.3%, p = 0.000)<> -0.07 (-0.10, -0.04)

T T T T
-16 =i -05 0 .04

Fig 1. Association between claudication (definition 1) and ABI in men.

https://doi.org/10.1371/journal.pone.0224608.9001

Discussion
Improving PAD awareness

Focusing on cardiovascular and cerebrovascular event prevention, we need to identify early
PAD stages in order to be able to reduce morbidity and mortality rates in these individuals.
Our analysis demonstrates the advantages of a simple first step- screening strategy for PAD
which markedly improves sensitivity accompanied by minor declines in specificity in compari-
son to a more complex questionnaire. Adopting this single question about pain or cramps in
the legs during normal walking in history taking of general practitioners would help to achieve

Females

Study
ID B (95% ClI)
GHS —~— -0.02 (-0.02, -0.01)
SHIP-2 —r+—— 0.01(-0.02, 0.03)
SHIP-Trend —— -0.01 (-0.03, 0.00)
KORA-F3 —— -0.01 (-0.03, 0.00)
KORA-F4 —_—— -0.03 (-0.05, -0.00)
CARLA —a— -0.02 (-0.04, -0.01)
HNR —_— -0.04 (-0.06, -0.01)
Overall (I-squared =24.1%, p = 0.246) Q) -0.02 (-0.02, -0.01)

-16 -1 -.05 0 .04

Fig 2. Association between claudication (definition 1) and ABI in women.

https://doi.org/10.1371/journal.pone.0224608.g002
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Males

Study Odds
ID Ratio (95% Cl)
GHS —~— 5.68 (4.40, 7.30)
SHIP-2 ; 2.75(0.88, 8.58)
SHIP-Trend —_— 3.68 (1.45, 9.30)
KORA-F3 —_— 5.71 (3.10, 10.52)
KORA-F4 —_— 6.57 (3.58, 12.08)
CARLA —_— 3.05 (1.60, 5.82)
HNR - 8.42 (5.04, 14.07)
Overall (I-squared = 28.4%]| p = 0.212) <> 5.40 (4.20, 6.96)

T T : T T T

5 1 5 10 20 30

Fig 3. Association between claudication (definition 1) and low ABI in men.

https://doi.org/10.1371/journal.pone.0224608.9003

the guideline requirement to implement and support medical and public awareness of PAD
[1]. This would certainly identify only a minority of individuals with PAD, but that is still a lot
better than identifying none.

The narrow 95% confidence intervals overall and especially in the largest cohort (GHS) (Fig
1) demonstrate, that ABI differences were consistent between men with and without pain or
cramps in the legs during normal walking.

Patient workup

This single, simple question for claudication should serve as first screening step in all patients
of a general practitioner who are at least 40 years old, as PAD prevalence already reaches 5% in

Females

Study
D Odds Ratio (95% Cl)
GHS —— 1.80 (1.31, 2.43)
SHIP-2 : 1.82(0.42, 7.99)
SHIP-Trend } > 5.39 (0.20, 148.19)
KORA-F3 —B— 2.07 (1.13, 3.80)
KORA-F4 — 2.23(1.03, 4.80)
CARLA — 2.50 (0.95, 6.62)
HNR —_— 2.47 (1.25, 4.90)
Overall (I-squared = 0.0%, p = 0.p61) <> 1.99 (1.58, 2.51)

T 3 T T T T

5 1 5 10 20 30

Fig 4. Association between claudication (definition 1) and low ABI in women.

https://doi.org/10.1371/journal.pone.0224608.g004
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Table 3. Sensitivity and specifity of claudication definitions to detect low ABI in GHS.

Age group 35 to 74 years 55 to < 65 years > 65 to 74 years

Definition Sensitivity Specificity Sensitivity Specificity Sensitivity Specificity
Definition 1 23.6% [20.6; 26.8] 93.3% [92.9; 93.7] 28.5% [22.6; 35.1] 91.8% [90.8; 92.6] 32.6% [27.3; 38.2] 90.5% [89.5; 91.5]
Definition 2 11.8% [9.6; 14.3] 98.6% [98.4; 98.8] 15.0% [10.5; 20.4] 98.3% [97.9; 98.7] 16.1% [12.1; 20.8] 98.0% [97.5; 98.5]
Definition 3 9.8% [7.8; 12.2] 99.1% [98.9; 99.2] 12.6% [8.5; 17.8] 99.0% [98.6; 99.3] 13.4% [9.8; 17.8] 98.7% [98.2; 99.0]

https://doi.org/10.1371/journal.pone.0224608.t003

women and men at age 45-49 years in high- income countries[3]. If individuals answer “yes”
to this claudication question, the next step should be an ABI measurement. A primary ABI
screening in the above mentioned patients would be preferable, as individuals with asymptom-
atic PAD could also be identified. However, despite falling costs of automated devices for ABI
measurement, which enable less time-consuming and easier ABI screening, they are not yet
widely available among general practitioners (also due to reimbursement issues), making a pri-
mary ABI assessment currently not feasible.

In diabetics, additionally an oscillography, a duplex ultrasound of the lower extremity arter-
ies and/or toe-brachial index (TBI) measurements should be performed, as ABI measurements
may not be correct in individuals with mediasclerosis of the leg arteries. In this analysis, we
did not account for elevated resting ABI in diabetics. As we focus on detection of PAD at an
early stage, we decided not to exclude subjects with known diabetes mellitus, because primary
care physicians and patients may not know about diabetes mellitus at first presentation. It is
reassuring to see significant results even with the inclusion of diabetics.

If PAD is diagnosed, patients should be treated according to current guidelines. This should
include statin therapy[5] and a platelet aggregation inhibitor like aspirin or clopidogrel. Con-
sidering the results of the COMPASS PAD trial, patients with stable symptomatic PAD will
probably soon receive a combination of aspirin and low-dose rivaroxaban[33].

If patients answer “no” to this claudication question, this does not exclude the presence of
asymptomatic PAD. Further work-up for PAD should especially be considered in patients
with diabetes, hypertension, hypercholesterolemia, positive family history of atherosclerotic
disease, impaired renal function and smokers. It has been demonstrated, that even mild-to-
moderate chronic kidney disease is associated with an increased risk of incident PAD[34].
Patients with known coronary artery disease usually do not need further work-up for asymp-
tomatic PAD, as preventive measures will usually not change and interventional or surgical
therapy of asymptomatic PAD is not indicated[1].

Claudication definitions

Claudication- definition 1 is unspecific and may include “claudication” from non-ischemic causes.
Claudication- definition 3 (Edinburgh Questionnaire) markedly underestimates PAD according to
ABI <0.90—definition. While the Edinburgh Questionnaire was found to be highly sensitive in
comparison to a subjective physician diagnosis of intermittent claudication, in this study it is not
very sensitive in comparison to the generally accepted PAD-diagnosis based on ABI-measurement.
There seems to be a relevant number of individuals, whose complaints do not meet the Edinburgh
questionnaire criteria, but who are PAD-patients according to ABI-measurement.

It is important to keep in mind that most PAD patients are asymptomatic. But if we manage
to motivate general physicians to ask their patients one question about claudication and
thereby identify 20-30% of patients with mild PAD (Table 3), this will be a huge step forward
in comparison to the present situation, in which the percentage of patients with mild PAD
(still being a silent “killer”) who are recognized in general practices is probably close to 0%.
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PAD-patients suffer from a bad prognosis. Therefore, early identification of these patients,
which enables modification of risk factors and early pharmacological treatment, seems impor-
tant. Consequentially, the higher sensitivity of an unspecific question seems more important
than the slightly higher specificity of a complex questionnaire. In our opinion, it is about time
to leave the traditional questionnaires in favor of one simple question. The data of our meta-
analysis support to include this very simple one-item questionnaire into the daily clinical prac-
tice and into angiological and other vascular guidelines. Future claudication questionnaires
should be evaluated in comparison with ABI measurements, not in comparison with the clini-
cal evaluation by a physician. The analysis of the GHS data is in accordance with the results of
the meta-analysis supporting the application of one question on claudication when screening
for PAD.

PAD symptoms in women

One question about claudication (definition 1) can identify individuals with a high likelihood
of low ABI. The weaker association in women when compared to men could point to a differ-
ent-so far unrecognized- clinical presentation of PAD in women. Already in 1982, a study
from Finland demonstrated that the validity of “typical” claudication symptoms was poorer in
women than in men and they were also less reliable predictors of death in women[15]. The
Rose Questionnaire was evaluated in 55 patients, among them 37 with “undoubted intermit-
tent claudication” (rather meaning undoubted PAD)[22]. Among these 37, only 5 were
women, which makes it very likely that typical PAD symptoms in women besides claudication
were not recognized. In coronary artery disease, the different clinical presentation in women
in comparison to men remained unrecognized for decades. We need future studies looking for
so far unrecognized PAD symptoms in women.

PAD screening by ABI measurement

To our knowledge this is the largest analysis of the association between claudication and ABI
in population-based studies. Our data demonstrate that even one simple question about clau-
dication can help to identify individuals with PAD. However, these results do not negate the
advantages of a PAD screening by ABI measurement. An ABI measurement allows to identify
the large group of individuals with asymptomatic PAD[35], especially among older women.
ABI measurements may be less time-consuming and cheaper than PAD prediction models
which depend among others on laboratory values[36]. With the availability of simple and
user-friendly-automated systems for the evaluation of ABI, PAD screening by ABI measure-
ments has become easier. But as long as ABI screenings are not established in health care sys-
tems, asking one quick, simple question for claudication is clearly preferable to no PAD
screening.

Limitations

Some limitations have to be taken into account. The Edinburgh questionnaire for evaluation
of claudication was not used in all studies of the present analysis. The number of participants
varied widely among the studies. Rates of claudication and low ABI increase markedly at
higher age, age groups were not homogenous in the seven population-based studies. The avail-
able data were not sufficient for calculation of the association between claudication and an
alternative ABI calculation using the lowest leg pressure[37]. The perception of claudication
may be influenced by exercise training [38], but this should be of lower importance in popula-
tion-based studies.
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Conclusion

At least in men, one claudication question [asking for pain or cramps in the leg(s) during nor-
mal walking] can identify many individuals with a high likelihood of PAD and should be
established as first screening step.

Supporting information

S1 Data. Data access information.
(DOCX)

Acknowledgments

GHS

We thank all study participants for their willingness to provide data for this research project
and we are indebted to all coworkers for their enthusiastic commitment.

HNR

We thank Prof. K. Lauterbach (Adjunct Professor, Harvard School of Public Health, Boston,
USA) for his valuable contributions in an earlier phase of the study. We are indebted to all
study participants and to the dedicated personnel of both the study center of the HNR study
and the EBT-scanner facilities as well as to the investigative group, in particular to E. Tezgah,
H. Kilsch, M Bauer, U. Slomiany, E.M. Beck, A. Offner, S. Miinkel, M. Bauer, S. Schrader, R.
Peter, and H. Hirche

KORA

We appreciate the participation of all probands of the KORA F3 and F4 studies. We thank all
staff members at the Institute of Epidemiology II of the Helmholtz-Zentrum Miinchen and the
wonderful team of the KORA Study Center in Augsburg.

SHIP

SHIP is part of the Community Medicine Research net of the University of Greifswald,
Germany.

The contribution to data collection performed by study nurses, study physicians, interview-
ers, and laboratory workers is gratefully acknowledged. We also appreciate the important sup-
port of IT and computer scientists, health information managers and administration staff.

We thank all study participants whose personal dedication and commitment made these
projects possible.

Author Contributions
Conceptualization: Arne Georg Kieback, Christine Espinola-Klein, Marcus Dorr.

Data curation: Arne Georg Kieback, Christine Espinola-Klein, Claudia Lamina, Susanne
Moebus, Daniel Tiller, Roberto Lorbeer, Andreas Schulz, Christa Meisinger, Daniel Meden-
wald, Raimund Erbel, Philipp S. Wild, Florian Kronenberg, Knut Kréger, Till Ittermann,
Marcus Doérr.

PLOS ONE | https://doi.org/10.1371/journal.pone.0224608 November 4, 2019 11/14


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0224608.s001
https://doi.org/10.1371/journal.pone.0224608

@ PLOS|ONE

Claudication and ABI

Formal analysis: Claudia Lamina, Susanne Moebus, Daniel Tiller, Roberto Lorbeer, Andreas
Schulz, Christa Meisinger, Daniel Medenwald, Raimund Erbel, Alexander Kluttig, Till
Ittermann.

Investigation: Arne Georg Kieback, Christine Espinola-Klein, Claudia Lamina, Susanne Moe-
bus, Daniel Tiller, Marcus Dorr.

Methodology: Arne Georg Kieback, Christine Espinola-Klein, Claudia Lamina, Susanne Moe-
bus, Philipp S. Wild, Florian Kronenberg.

Project administration: Arne Georg Kieback, Marcus Dérr.

Resources: Christine Espinola-Klein, Claudia Lamina, Daniel Tiller, Roberto Lorbeer, Andreas
Schulz, Christa Meisinger, Daniel Medenwald, Alexander Kluttig, Philipp S. Wild.

Software: Roberto Lorbeer, Andreas Schulz, Daniel Medenwald, Till Ittermann.

Supervision: Arne Georg Kieback, Christine Espinola-Klein, Claudia Lamina, Florian
Kronenberg.

Validation: Arne Georg Kieback, Christine Espinola-Klein, Claudia Lamina, Susanne Moebus,
Daniel Tiller, Roberto Lorbeer, Andreas Schulz, Christa Meisinger, Florian Kronenberg,
Till Ittermann.

Writing - original draft: Arne Georg Kieback, Christine Espinola-Klein, Claudia Lamina,
Raimund Erbel, Philipp S. Wild, Florian Kronenberg, Knut Kroger, Till Ittermann, Marcus
Dorr.

Writing - review & editing: Arne Georg Kieback, Christine Espinola-Klein, Florian Kronen-
berg, Marcus Dorr.

References

1. Aboyans V, Ricco JB, Bartelink MEL, Bjorck M, Brodmann M, Cohnert T, et al. 2017 ESC Guidelines on
the Diagnosis and Treatment of Peripheral Arterial Diseases, in collaboration with the European Society
for Vascular Surgery (ESVS): Document covering atherosclerotic disease of extracranial carotid and
vertebral, mesenteric, renal, upper and lower extremity arteriesEndorsed by: the European Stroke
Organization (ESO)The Task Force for the Diagnosis and Treatment of Peripheral Arterial Diseases of
the European Society of Cardiology (ESC) and of the European Society for Vascular Surgery (ESVS).
Eur Heart J. 2017. https://doi.org/10.1093/eurheartj/ehx095 PMID: 28886620.

2. Gerhard-Herman MD, Gornik HL, Barrett C, Barshes NR, Corriere MA, Drachman DE, et al. 2016 AHA/
ACC Guideline on the Management of Patients With Lower Extremity Peripheral Artery Disease: A
Report of the American College of Cardiology/American Heart Association Task Force on Clinical Prac-
tice Guidelines. J Am Coll Cardiol. 2017; 69(11):e71-e126. https://doi.org/10.1016/j.jacc.2016.11.007
PMID: 27851992.

3. Fowkes FG, Rudan D, Rudan |, Aboyans V, Denenberg JO, McDermott MM, et al. Comparison of global
estimates of prevalence and risk factors for peripheral artery disease in 2000 and 2010: a systematic
review and analysis. Lancet. 2013; 382(9901):1329—40. https://doi.org/10.1016/S0140-6736(13)
61249-0 PMID: 239158883.

4. Hiatt WR, Fowkes FG, Heizer G, Berger JS, Baumgartner |, Held P, et al. Ticagrelor versus Clopidogrel
in Symptomatic Peripheral Artery Disease. N Engl J Med. 2017; 376(1):32—40. https://doi.org/10.1056/
NEJMoa1611688 PMID: 27959717.

5. Kumbhani DJ, Steg PG, Cannon CP, Eagle KA, Smith SC Jr., Goto S, et al. Statin therapy and long-
term adverse limb outcomes in patients with peripheral artery disease: insights from the REACH regis-
try. Eur Heart J. 2014; 35(41):2864—72. https://doi.org/10.1093/eurheartj/ehu080 PMID: 24585266;
PubMed Central PMCID: PMC4216432.

6. Bonaca MP, Nault P, Giugliano RP, Keech AC, Pineda AL, Kanevsky E, et al. Low-Density Lipoprotein
Cholesterol 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. 2017. https://doi.org/10.1161/CIRCULATIONAHA.117.
032235 PMID: 29133605.

PLOS ONE | https://doi.org/10.1371/journal.pone.0224608 November 4, 2019 12/14


https://doi.org/10.1093/eurheartj/ehx095
http://www.ncbi.nlm.nih.gov/pubmed/28886620
https://doi.org/10.1016/j.jacc.2016.11.007
http://www.ncbi.nlm.nih.gov/pubmed/27851992
https://doi.org/10.1016/S0140-6736(13)61249-0
https://doi.org/10.1016/S0140-6736(13)61249-0
http://www.ncbi.nlm.nih.gov/pubmed/23915883
https://doi.org/10.1056/NEJMoa1611688
https://doi.org/10.1056/NEJMoa1611688
http://www.ncbi.nlm.nih.gov/pubmed/27959717
https://doi.org/10.1093/eurheartj/ehu080
http://www.ncbi.nlm.nih.gov/pubmed/24585266
https://doi.org/10.1161/CIRCULATIONAHA.117.032235
https://doi.org/10.1161/CIRCULATIONAHA.117.032235
http://www.ncbi.nlm.nih.gov/pubmed/29133605
https://doi.org/10.1371/journal.pone.0224608

@ PLOS|ONE

Claudication and ABI

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21,

22,

23.

24,

Charasson M, Mahe G, Le Brun C, Jaquinandi V, Rossignol E, Le Faucheur A, et al. Atherosclerosis
knowledge—diagnosis and management in primary care. Vasa. 2018; 47(6):465—70. https://doi.org/10.
1024/0301-1526/a000727 PMID: 30047837.

Alahdab F, Wang AT, Elraiyah TA, Malgor RD, Rizvi AZ, Lane MA, et al. A systematic review for the
screening for peripheral arterial disease in asymptomatic patients. J Vasc Surg. 2015; 61(3
Suppl):42S-53S. https://doi.org/10.1016/j.jvs.2014.12.008 PMID: 25721066.

Lindholt JS, Sogaard R. Population screening and intervention for vascular disease in Danish men
(VIVA): a randomised controlled trial. Lancet. 2017; 390(10109):2256—65. https://doi.org/10.1016/
S0140-6736(17)32250-X PMID: 28859943.

Diehm C, Lange S, Darius H, Pittrow D, von Stritzky B, Tepohl G, et al. Association of low ankle brachial
index with high mortality in primary care. Eur Heart J. 2006; 27(14):1743-9. https://doi.org/10.1093/
eurheartj/ehl092 PMID: 16782720.

European Stroke O, Tendera M, Aboyans V, Bartelink ML, Baumgartner |, Clement D, et al. ESC Guide-
lines on the diagnosis and treatment of peripheral artery diseases: Document covering atherosclerotic
disease of extracranial carotid and vertebral, mesenteric, renal, upper and lower extremity arteries: the
Task Force on the Diagnosis and Treatment of Peripheral Artery Diseases of the European Society of
Cardiology (ESC). Eur Heart J. 2011; 32(22):2851-9086. https://doi.org/10.1093/eurheartj/ehr211

PMID: 21873417.

Kieback AG, Lorbeer R, Wallaschofski H, Ittermann T, Volzke H, Felix S, et al. Claudication, in contrast
to angina pectoris, independently predicts mortality risk in the general population. Vasa. 2012; 41
(2):105—13. https://doi.org/10.1024/0301-1526/a000172 PMID: 22403128.

Bowlin SJ, Medalie JH, Flocke SA, Zyzanski SJ, Yaari S, Goldbourt U. Intermittent claudication in 8343
men and 21-year specific mortality follow-up. Ann Epidemiol. 1997; 7(3):180-7. https://doi.org/10.1016/
s1047-2797(96)00148-2 PMID: 9141640.

Kollerits B, Heinrich J, Pichler M, Rantner B, Klein-Weigel P, Wolke G, et al. Intermittent claudication in
the Erfurt Male Cohort (ERFORT) Study: its determinants and the impact on mortality. A population-
based prospective cohort study with 30 years of follow-up. Atherosclerosis. 2008; 198(1):214-22.
https://doi.org/10.1016/j.atherosclerosis.2007.09.012 PMID: 17950299.

Reunanen A, Takkunen H, Aromaa A. Prevalence of intermittent claudication and its effect on mortality.
Acta Med Scand. 1982; 211(4):249-56. https://doi.org/10.1111/j.0954-6820.1982.tb01939.x PMID:
7102362.

Simonsick EM, Guralnik JM, Hennekens CH, Wallace RB, Ostfeld AM. Intermittent claudication and
subsequent cardiovascular disease in the elderly. J Gerontol A Biol Sci Med Sci. 1995; 50A(1):M17-22.
https://doi.org/10.1093/gerona/50a.1.m17 PMID: 7814784.

Smith GD, Shipley MJ, Rose G. Intermittent claudication, heart disease risk factors, and mortality. The
Whitehall Study. Circulation. 1990; 82(6):1925-31. https://doi.org/10.1161/01.cir.82.6.1925 PMID:
2242518.

Laschkolnig A, Kollerits B, Lamina C, Meisinger C, Rantner B, Stadler M, et al. Lipoprotein (a) concen-
trations, apolipoprotein (a) phenotypes, and peripheral arterial disease in three independent cohorts.
Cardiovasc Res. 2014; 103(1):28-36. https://doi.org/10.1093/cvr/cvu107 PMID: 24760552; PubMed
Central PMCID: PMC4065111.

Kannel WB, Evans JC, Piper S, Murabito JM. Angina pectoris is a stronger indicator of diffuse vascular
atherosclerosis than intermittent claudication: Framingham study. J Clin Epidemiol. 2008; 61(9):951-7.
https://doi.org/10.1016/j.jclinepi.2007.10.025 PMID: 18495425; PubMed Central PMCID:
PMC3898849.

Kannel WB, McGee DL. Update on some epidemiologic features of intermittent claudication: the Fra-
mingham Study. J Am Geriatr Soc. 1985; 33(1):13-8. https://doi.org/10.1111/j.1532-5415.1985.
tb02853.x PMID: 3965550.

Murabito JM, D’Agostino RB, Silbershatz H, Wilson WF. Intermittent claudication. A risk profile from
The Framingham Heart Study. Circulation. 1997; 96(1):44-9. https://doi.org/10.1161/01.cir.96.1.44
PMID: 9236415.

Rose GA. The diagnosis of ischaemic heart pain and intermittent claudication in field surveys. Bull
World Health Organ. 1962; 27:645-58. PMID: 13974778; PubMed Central PMCID: PMC2555832.

Leng GC, Fowkes FG. The Edinburgh Claudication Questionnaire: an improved version of the WHO/
Rose Questionnaire for use in epidemiological surveys. J Clin Epidemiol. 1992; 45(10):1101-9. https://
doi.org/10.1016/0895-4356(92)90150-1 PMID: 1474406.

Greiser KH, Kluttig A, Schumann B, Kors JA, Swenne CA, Kuss O, et al. Cardiovascular disease, risk
factors and heart rate variability in the elderly general population: design and objectives of the CARdio-
vascular disease, Living and Ageing in Halle (CARLA) Study. BMC Cardiovasc Disord. 2005; 5:33.
https://doi.org/10.1186/1471-2261-5-33 PMID: 16283930; PubMed Central PMCID: PMC1299322.

PLOS ONE | https://doi.org/10.1371/journal.pone.0224608 November 4, 2019 13/14


https://doi.org/10.1024/0301-1526/a000727
https://doi.org/10.1024/0301-1526/a000727
http://www.ncbi.nlm.nih.gov/pubmed/30047837
https://doi.org/10.1016/j.jvs.2014.12.008
http://www.ncbi.nlm.nih.gov/pubmed/25721066
https://doi.org/10.1016/S0140-6736(17)32250-X
https://doi.org/10.1016/S0140-6736(17)32250-X
http://www.ncbi.nlm.nih.gov/pubmed/28859943
https://doi.org/10.1093/eurheartj/ehl092
https://doi.org/10.1093/eurheartj/ehl092
http://www.ncbi.nlm.nih.gov/pubmed/16782720
https://doi.org/10.1093/eurheartj/ehr211
http://www.ncbi.nlm.nih.gov/pubmed/21873417
https://doi.org/10.1024/0301-1526/a000172
http://www.ncbi.nlm.nih.gov/pubmed/22403128
https://doi.org/10.1016/s1047-2797(96)00148-2
https://doi.org/10.1016/s1047-2797(96)00148-2
http://www.ncbi.nlm.nih.gov/pubmed/9141640
https://doi.org/10.1016/j.atherosclerosis.2007.09.012
http://www.ncbi.nlm.nih.gov/pubmed/17950299
https://doi.org/10.1111/j.0954-6820.1982.tb01939.x
http://www.ncbi.nlm.nih.gov/pubmed/7102362
https://doi.org/10.1093/gerona/50a.1.m17
http://www.ncbi.nlm.nih.gov/pubmed/7814784
https://doi.org/10.1161/01.cir.82.6.1925
http://www.ncbi.nlm.nih.gov/pubmed/2242518
https://doi.org/10.1093/cvr/cvu107
http://www.ncbi.nlm.nih.gov/pubmed/24760552
https://doi.org/10.1016/j.jclinepi.2007.10.025
http://www.ncbi.nlm.nih.gov/pubmed/18495425
https://doi.org/10.1111/j.1532-5415.1985.tb02853.x
https://doi.org/10.1111/j.1532-5415.1985.tb02853.x
http://www.ncbi.nlm.nih.gov/pubmed/3965550
https://doi.org/10.1161/01.cir.96.1.44
http://www.ncbi.nlm.nih.gov/pubmed/9236415
http://www.ncbi.nlm.nih.gov/pubmed/13974778
https://doi.org/10.1016/0895-4356(92)90150-l
https://doi.org/10.1016/0895-4356(92)90150-l
http://www.ncbi.nlm.nih.gov/pubmed/1474406
https://doi.org/10.1186/1471-2261-5-33
http://www.ncbi.nlm.nih.gov/pubmed/16283930
https://doi.org/10.1371/journal.pone.0224608

@ PLOS|ONE

Claudication and ABI

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Wild PS, Zeller T, Beutel M, Blettner M, Dugi KA, Lackner KJ, et al. [The Gutenberg Health Study]. Bun-
desgesundheitsblatt Gesundheitsforschung Gesundheitsschutz. 2012; 55(6—7):824-9. https://doi.org/
10.1007/s00103-012-1502-7 PMID: 22736163.

Sinning C, Wild PS, Echevarria FM, Wilde S, Schnabel R, Lubos E, et al. Sex differences in early carotid
atherosclerosis (from the community-based Gutenberg-Heart Study). Am J Cardiol. 2011; 107
(12):1841—7. https://doi.org/10.1016/j.amjcard.2011.02.318 PMID: 21481827.

Stang A, Moebus S, Dragano N, Beck EM, Mohlenkamp S, Schmermund A, et al. Baseline recruitment
and analyses of nonresponse of the Heinz Nixdorf Recall Study: identifiability of phone numbers as the
major determinant of response. Eur J Epidemiol. 2005; 20(6):489-96. https://doi.org/10.1007/s10654-
005-5529-z PMID: 16121757.

Schmermund A, Mohlenkamp S, Stang A, Gronemeyer D, Seibel R, Hirche H, et al. Assessment of clini-
cally silent atherosclerotic disease and established and novel risk factors for predicting myocardial
infarction and cardiac death in healthy middle-aged subjects: rationale and design of the Heinz Nixdorf
RECALL Study. Risk Factors, Evaluation of Coronary Calcium and Lifestyle. Am Heart J. 2002; 144
(2):212-8. https://doi.org/10.1067/mh;j.2002.123579 PMID: 12177636.

Holle R, Happich M, Lowel H, Wichmann HE, Group MKS. KORA—a research platform for population
based health research. Gesundheitswesen. 2005; 67 Suppl 1:519-25. https://doi.org/10.1055/s-2005-
858235 PMID: 16032513.

Meisinger C, Thorand B, Schneider A, Stieber J, Doring A, Lowel H. Sex differences in risk factors for
incident type 2 diabetes mellitus: the MONICA Augsburg cohort study. Arch Intern Med. 2002; 162
(1):82-9. https://doi.org/10.1001/archinte.162.1.82 PMID: 11784224.

Volzke H, Alte D, Schmidt CO, Radke D, Lorbeer R, Friedrich N, et al. Cohort profile: the study of health
in Pomerania. Int J Epidemiol. 2011; 40(2):294—-307. https://doi.org/10.1093/ije/dyp394 PMID:
20167617.

Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring inconsistency in meta-analyses. BMJ.
2003; 327(7414):557-60. https://doi.org/10.1136/bmj.327.7414.557 PMID: 12958120; PubMed Central
PMCID: PMC192859.

Anand SS, Bosch J, Eikelboom JW, Connolly SJ, Diaz R, Widimsky P, et al. Rivaroxaban with or without
aspirin in patients with stable peripheral or carotid artery disease: an international, randomised, double-
blind, placebo-controlled trial. Lancet. 2017. https://doi.org/10.1016/S0140-6736(17)32409-1. PMID:
29132880.

Matsushita K, Ballew SH, Coresh J, Arima H, Arnlov J, Cirillo M, et al. Measures of chronic kidney dis-
ease and risk of incident peripheral artery disease: a collaborative meta-analysis of individual participant
data. Lancet Diabetes Endocrinol. 2017; 5(9):718-28. https://doi.org/10.1016/S2213-8587(17)30183-3
PMID: 28716631; PubMed Central PMCID: PMC5649254.

Criqui MH, Aboyans V. Epidemiology of peripheral artery disease. Circ Res. 2015; 116(9):1509-26.
https://doi.org/10.1161/CIRCRESAHA.116.303849 PMID: 25908725.

ZhanY, Zhuang J, Dong Y, Xu H, Hu D, Yu J. Predicting the prevalence of peripheral arterial diseases:
modelling and validation in different cohorts. Vasa. 2016; 45(1):31-6. https://doi.org/10.1024/0301-
1526/2000492 PMID: 26986707.

Espinola-Klein C, Rupprecht HJ, Bickel C, Lackner K, Savvidis S, Messow CM, et al. Different calcula-
tions of ankle-brachial index and their impact on cardiovascular risk prediction. Circulation. 2008; 118
(9):961-7. https://doi.org/10.1161/CIRCULATIONAHA.107.763227 PMID: 18697822.

Tsai JC, Chan P, Wang CH, Jeng C, Hsieh MH, Kao PF, et al. The effects of exercise training on walk-
ing function and perception of health status in elderly patients with peripheral arterial occlusive disease.
J Intern Med. 2002; 252(5):448-55. https://doi.org/10.1046/j.1365-2796.2002.01055.x PMID:
12528763.

PLOS ONE | https://doi.org/10.1371/journal.pone.0224608 November 4, 2019 14/14


https://doi.org/10.1007/s00103-012-1502-7
https://doi.org/10.1007/s00103-012-1502-7
http://www.ncbi.nlm.nih.gov/pubmed/22736163
https://doi.org/10.1016/j.amjcard.2011.02.318
http://www.ncbi.nlm.nih.gov/pubmed/21481827
https://doi.org/10.1007/s10654-005-5529-z
https://doi.org/10.1007/s10654-005-5529-z
http://www.ncbi.nlm.nih.gov/pubmed/16121757
https://doi.org/10.1067/mhj.2002.123579
http://www.ncbi.nlm.nih.gov/pubmed/12177636
https://doi.org/10.1055/s-2005-858235
https://doi.org/10.1055/s-2005-858235
http://www.ncbi.nlm.nih.gov/pubmed/16032513
https://doi.org/10.1001/archinte.162.1.82
http://www.ncbi.nlm.nih.gov/pubmed/11784224
https://doi.org/10.1093/ije/dyp394
http://www.ncbi.nlm.nih.gov/pubmed/20167617
https://doi.org/10.1136/bmj.327.7414.557
http://www.ncbi.nlm.nih.gov/pubmed/12958120
https://doi.org/10.1016/S0140-6736(17)32409-1.
http://www.ncbi.nlm.nih.gov/pubmed/29132880
https://doi.org/10.1016/S2213-8587(17)30183-3
http://www.ncbi.nlm.nih.gov/pubmed/28716631
https://doi.org/10.1161/CIRCRESAHA.116.303849
http://www.ncbi.nlm.nih.gov/pubmed/25908725
https://doi.org/10.1024/0301-1526/a000492
https://doi.org/10.1024/0301-1526/a000492
http://www.ncbi.nlm.nih.gov/pubmed/26986707
https://doi.org/10.1161/CIRCULATIONAHA.107.763227
http://www.ncbi.nlm.nih.gov/pubmed/18697822
https://doi.org/10.1046/j.1365-2796.2002.01055.x
http://www.ncbi.nlm.nih.gov/pubmed/12528763
https://doi.org/10.1371/journal.pone.0224608

