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Background: The screening and diagnosis of intermittent claudication is a challenging 18 

process and often relies on the expertise of specialist vascular clinicians. We sought to 19 

investigate the diagnostic performance of the Edinburgh Claudication questionnaire (ECQ) 20 

as a screening tool for referrals of suspected intermittent claudication from primary to 21 

secondary care.  22 

Method: Prospectively, 100 referrals from primary care with a stated diagnosis or query 23 

regarding intermittent claudication were recruited. All participants completed the ECQ, 24 

underwent an ankle-brachial pressure index (ABPI) assessment and treadmill exercise 25 

testing. Outcomes of the ECQ were compared to clinical diagnoses of intermittent 26 

claudication.  27 

Results: The ECQ had a sensitivity of 46.8% (95% CI: 27-65%), specificity of 63.2% (95% 28 

CI: 43-82%) and accuracy of 53.0% (95% CI: 43-63%). The diagnostic performance was not 29 

changed by combining the ECQ with a positive ABPI or post exercise ABPI outcome for 30 

PAD.  31 

Conclusion: The ECQ had a poor diagnostic performance in this cohort. Considering the 32 

results found here and in other recent studies, the utility of the ECQ as a screening tool and 33 

epidemiological survey tool must be questioned. Novel, low resource diagnostic tools are 34 

needed in this population. 35 

36 
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Peripheral arterial disease (PAD) is characterised by atherosclerosis of the arteries 39 

supplying the lower limbs, resulting in a reduced blood supply. The prevalence of PAD is 40 

estimated to have increased by 23.5% between the years 2000 and 2010!  with current 41 

estimates that around 237 million people are affected globally" . PAD is an age-associated 42 

disease with its prevalence increasing from 2.5% in those 50-59 years old to 14.5% in 43 

individuals >70 years%. Though a large proportion of individuals with PAD are asymptomatic, 44 

20-25% of individuals over 60 years old experience symptoms as a result of this 45 

haemodynamic compromise&. The primary symptomatic manifestation of PAD is intermittent 46 

claudication (IC), which is characterised as a reproducible leg pain that occurs during 47 

physical activity, and has deleterious effects on quality of life whilst carrying an increased 48 

mortality risk'#$(. !49 

 50 

The screening and diagnosis of IC presents several challenges. At present, there exists no 51 

single gold standard test or criteria for diagnosing IC; it relies on a full history, examination, 52 

and investigations by an experienced clinician yet even this is fallible. For the primary care 53 

physician, referral of an individual with exertional leg pain to a vascular specialist presents a 54 

convenient clinical pathway for appropriate investigations. However, the complex nature of 55 

claudication pain may lead to an unknown proportion of unnecessary referrals, presenting an 56 

increased workload to vascular services in secondary and tertiary care. This deficiency in the 57 

referral process could be ameliorated if there were easily applied IC screening  tools to allow 58 

triaging of referrals!%. Accessible PAD assessment methods include pulse palpation and 59 

measurement of the ankle-brachial pressure index (ABPI)!& . However, pulse palpation has 60 

poor diagnostic accuracy!'  and ABPI measurement may not always be available in primary 61 

care, due to limited equipment and/or appropriate training. The frequent co-occurrence of 62 
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diabetes with PAD limits the utility of these techniques further!( . Easy to apply diagnostic 63 

tools have the potential to overcome such limitations. The Edinburgh Claudication 64 

Questionnaire (ECQ) is one such tool that has demonstrated excellent diagnostic 65 

performance in the primary care setting!) .This 6-item questionnaire was developed for 66 

epidemiological surveys and has demonstrated excellent sensitivity (91%) and specificity 67 

(99%) when compared to the diagnosis made by a primary care physician and performed 68 

similarly when compared to a vascular clinician.!69 

 70 

Therefore, the aim of this study was to assess the diagnostic performance of the ECQ in the 71 

context of a vascular tertiary care centre to assess its suitability for stratifying claudication 72 

referrals. A secondary aim is to evaluate whether combining the ECQ with an ABPI 73 

assessment would improve its diagnostic performance.!74 

 75 

/0$1+,# !76 

Consecutive referrals with queries of IC from general practitioners (GP) to a single tertiary 77 

vascular centre were considered. Referrals were pre-screened by a member of the clinical 78 

team to verify that they contained GP diagnoses or queries of IC before being passed to a 79 

member of the research team. Patients were prospectively approached at outpatient 80 

vascular clinics from May 2019 to October 2019. Patients were excluded based on the 81 

grounds of prior diagnosis of IC. Referrals to eight vascular consultant surgeons were 82 

considered. Prior to clinic appointments, patients were asked to complete the ECQ!) . 83 

Patients were excluded if they were unable to complete the questionnaire without assistance 84 

due to cognitive impairment or an inability to speak English. Following consultations, patients 85 

underwent ABPI assessment and treadmill testing.!86 

 87 
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ABPI assessment was performed according to the American Heart Association/American 88 

College of Cardiology guidelines"%. Assessments of walking ability were performed using a 89 

fixed-speed treadmill test, set at an individualised speed between 1.1 and 2.6 km∙h*!  and an 90 

incline of 10%. Patients were instructed to walk for as long as possible and make assessors 91 

aware if they experienced lower limb pain/discomfort during the test. Patients were then 92 

encouraged to continue walking until they were no longer able to tolerate the pain or until 93 

they had walked for 5 minutes total. The initial claudication distance (ICD), maximal walking 94 

distance (MWD), and whether participants completed the treadmill protocol or were unable 95 

to walk was recorded. Assessors were not blinded to ECQ results. Immediately following the 96 

treadmill test, participants' ABPI was re-assessed.!97 

 98 

A clinical diagnosis was ascertained at a later date through clinical records and confirmed 99 

directly with the responsible clinician if there was any ambiguity. Clinicians were blinded to 100 

the ECQ outcome. A diagnosis of PAD was confirmed when a patient had an ABPI ≤0.9 101 

and/or a post-exercise ankle pressure of <50 mmHg and/or a drop of ≥30 mmHg compared 102 

to resting values. Additionally, PAD was also confirmed with a positive clinical diagnosis 103 

which may have been made using additional diagnostic tests such as duplex ultrasound. A 104 

diagnosis of IC was defined using clinical diagnosis alone. !105 

 106 

!"#"$%"$&#'()*#'+%$%!107 

 108 

Statistical analyses were performed using SPSS (SPSS version 22, Armonk, NY: IBM Corp 109 

USA). The diagnostic ability of the ECQ and was compared to clinicians' diagnosis and 110 

sensitivity, specificity, positive predictive value, negative predictive value, and accuracy were 111 

calculated. Confidence intervals (CI) for the predictive values and accuracy were calculated 112 

using the standard logit method "& to account for disease prevalence.  113 
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This analysis was also performed to assess and compare the performance of a resting ABPI, 114 

post-exercise ABPI, and a combined ECQ and resting ABPI measurement (where both are 115 

positive) for diagnosing IC compared to a clinician. 116 

 117 

Diagnostic performance was also assessed using the area under the curve of the receiver 118 

operator characteristic for the ECQ, resting ABPI, post-exercise ABPI and combined ECQ 119 

and resting ABPI measures. Additional exploratory analyses were also performed to explore 120 

the implications of modifying the ECQ by removal of one or more questions (see 121 

Supplementary materials for details). 122 

20#-3$#(!123 

100 patients agreed to participate in the service evaluation (Age 68 ± 9 years; 60% male). All 124 

patients completed an ECQ and ABPI assessment, 98 performed a treadmill test. The 125 

prevalence of IC in this cohort was 62%. 126 

 127 

The ECQ classified 4 patients as having atypical leg pain, 3 as having typical “grade 1” 128 

claudication, where IC only occurs when walking uphill or quickly, and 36 as having typical 129 

“grade 2” claudication which occurs at a normal walking pace on flat terrain.!130 

 131 

The ECQ correctly classified 29 individuals as having IC and 24 as not having IC and 132 

incorrectly classified 14 as having IC and 33 as not having IC (Figure 1). The diagnostic 133 

performance of the ECQ, resting ABPI, post-exercise ABPI and combined ECQ and resting 134 

ABPI measures against clinical diagnoses of IC are presented in Table 1. All measures 135 

presented overlap in the 95% CIs, indicating no clear differences in performance. Combining 136 

the ECQ with an ABPI measurement had no observed effect on diagnostic performance. 137 

Receiver operating characteristic curves for the ECQ, ABPI, ECQ and ABPI combined and 138 

post-exercise ABPI for detecting intermittent claudication are displayed in Figure 2. The area 139 
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under the curve for each were as follows: ECQ 0.55 (95% CI [0.43-0.67]), resting ABPI 0.59 140 

(95% CI [0.47-0.70]), post-exercise ABPI was 0.58 (95% CI [0.46-0.69]), and combined ECQ 141 

and resting ABPI 0.56 (95% CI [0.44-0.67]). No differences were observed between these 142 

outcomes. Exploratory analysis revealed that a more accurate diagnosis was achieved in 143 

this cohort with the ECQ if only the responses to questions 3 and 5 were acted upon 144 

(Supplementary Table 1), hence, the diagnostic performance of this simplified version is also 145 

presented in Table 1. The area under the curve of the receiver operator characteristics of 146 

this model were 0.77 (95% CI [0.69-0.87]). 147 

 148 

The prevalence of PAD in this study was 85%. 8 (9%) individuals were defined as having 149 

PAD based upon the results of the treadmill test alone where a resting ABPI was >0.9. Of 150 

these only 4 were clinically diagnosed as having IC. 23 individuals with PAD were not 151 

diagnosed with IC. All individuals with IC had PAD.  The diagnostic performance of the ECQ 152 

against clinical diagnosis of PAD is presented in Table 2. 153 

4.#'-##.+* (154 

 155 

The diagnostic performance of the ECQ to diagnose or exclude IC in a cohort of referrals to 156 

a tertiary vascular centre is poor, in contrast with previous research. Combining the ECQ 157 

with an ABPI assessment to confirm IC had no effect upon diagnostic accuracy. In light of 158 

these findings, the use of the ECQ in its present form as a clinical tool to stratify patient 159 

referrals, as an inclusion criterion for research trials, or as a data collection tool in 160 

epidemiology, appears inappropriate. Its use in such contexts, could have a profoundly 161 

negative effects resulting in misleading research findings and the potential for wasteful 162 

resource allocation. There may however be potential to optimise the ECQ by removal or 163 

modification of existing questions.  164 

 165 
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All indicators of diagnostic performance were lower in this study than the original study of 166 

Leng et al!) . The prevalence of IC in this study cohort was similar to Leng et al.’s cohort of 167 

“clinic patients” (62% vs 58%) albeit using half the sample size of present study. This is the 168 

first study to question the ECQ’s diagnostic performance in IC. However, the present study 169 

does not replicate the original study design and as such there are several possible 170 

explanations for why out results differ. 171 

 172 

One key methodological difference is in the type of clinician making a diagnosis in each 173 

study. Leng et al!)  validated the ECQ using the diagnosis of IC from GPs in the absence of 174 

other diagnostic tests in one cohort and using the diagnosis of a vascular specialist clinician 175 

(non-consultant) with access to ABPI and exercise tests in a separate cohort of clinic 176 

patients. In comparison, diagnoses in the present study were made by consultant vascular 177 

surgeons with access to additional diagnostic tests such as duplex ultrasound and 178 

angiography where necessary. The extent the diagnostic ability of the clinicians may have 179 

differed between the studies is uncertain. It is reasonable to assume that having greater 180 

access to advanced diagnostic imaging tests that were less available 25 years ago may 181 

predispose the clinicians in the current study to a greater diagnostic accuracy. Should this be 182 

true, it is appropriate to evaluate tools such as the ECQ against this modern standard of 183 

care. An accuracy of 60% in GP referrals demonstrated here suggests that GP diagnoses 184 

should not be used to validate a tool such as the ECQ and that there is a need for tools to 185 

improve diagnostic accuracy in primary care. Another factor which may explain the different 186 

findings in this study is the variation in patients being assessed derived from asynchronous 187 

cohorts from small geographical areas. It cannot be ascertained to what extent factors such 188 

as co-morbid load, education and socioeconomic status may have contributed to the lower 189 

accuracy of the ECQ in this modern cohort. 190 

 191 
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An exploratory analysis the implications of using different permutations of the questions 192 

included in the ECQ revealed that in this cohort a superior diagnostic performance was 193 

observed using versions of the survey that omitted question 2: “Does this pain ever begin 194 

when you are sitting or standing?”. Very similar diagnostic performance was observed when 195 

only including question 1 and/or question 3 with question 5 (Supplementary table 1). Such a 196 

modification to the ECQ appeared to transform the performance of the tool from useless to 197 

potentially useful. It is important to consider why this alteration in performance was 198 

observed. There are numerous unmeasured factors relating to the cohort in the present 199 

study and Leng’s original cohort that may have led to differing comprehension of and 200 

responses to question 2. One possible explanation for this discrepancy could be that 201 

patients’ perceptions of pain varied between studies.  Ischaemic pain, secondary to PAD, is 202 

complex and may have nociceptive, inflammatory and neuropathic elements+ and as such 203 

perceptions of claudication pain vary considerably!, . Only 10-35% of individuals with PAD 204 

present with leg pain that is “typical” for IC i.e. originating in the calf, only commencing upon 205 

exertion and quickly being relieved by rest) . Approximately 20% of elderly people report leg 206 

pain whilst walking!!  and there are a range of painful pathologies which are associated with 207 

age such as knee and hip osteoarthritis, diabetic neuropathy, muscle strains and 208 

compartment syndrome!" . Arguably, question 2 from the ECQ may not adequately 209 

distinguish between true claudication pain and many other pathologies. !210 

 211 

IC is caused by PAD. PAD, in the form of a stenosis of ≥50%, is detected by APBI with a 212 

high degree of reliability and accuracy"' *") . It might be expected that applying a criterion that 213 

required both a positive ECQ and ABPI to classify IC would improve the specificity of 214 

classifications. However, only marginal effects were observed compared to the ECQ alone 215 

(Table 1). This is possibly due to the high prevalence of PAD in this cohort and the large 216 

proportion of false negatives classified by the ECQ. In this study, the ECQ was good at 217 

ruling out PAD (specificity 87%) but not detecting it (sensitivity 48%). Two other UK studies 218 
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have found similar performance for detecting PAD in individuals with leg pain using the ECQ, 219 

with Boylan et al"-  finding a sensitivity of 53% and a specificity of 87% and Poots et al"+  220 

finding a sensitivity of 57% and specificity of 82%. Criqui et al !'  found worse results using 221 

the Rose claudication questionnaire with a sensitivity of 9.2% and specificity of 99% for 222 

detecting large vessel PAD. At present it appears that questionnaires are inadequate 223 

substitutes for ABPI assessments for triaging individuals with PAD. 224 

 225 

The ECQ is widely used in epidemiological surveys and as a screening tool for inclusion in 226 

research trials in populations with IC in secondary/tertiary care settings!- *"! .The ECQ is the 227 

only survey for claudication which has been validated against the diagnoses of GP and 228 

vascular specialist clinicians. Similarly designed widely-used surveys such as the 229 

WHO/Rose questionnaire)  and San Diego Claudication questionnaire%, were not validated 230 

against a gold standard before implementation. In the case of IC, the current gold standard 231 

assessment is an experienced vascular clinician’s diagnosis. Despite this, the Rose and San 232 

Diego Claudication questionnaires are responsible for most of the epidemiological estimates 233 

of the prevalence of IC to date. Leng et al!)  estimate that the Rose questionnaire only has a 234 

sensitivity of 60% (95% CI [56-64%]) and specificity of 91% (95% CI [85-99%]) in identifying 235 

IC diagnosed by a consultant. The San Diego Claudication Questionnaire’s validity and 236 

accuracy is assumed to be the same as the ECQ!, . This study has demonstrated that the 237 

ECQ is not informative. Thus, the ECQ and by extension the San Diego Claudication 238 

questionnaire should not be recommended as a data collection tool and previous research 239 

adopting these tools or the Rose questionnaire should be interpreted with caution.  240 

 241 

Many epidemiological studies have used the ECQ and ABPI measurement to assess the 242 

prevalence of IC and PAD respectively and suggest a greater relative risk of IC in individuals 243 

with PAD. In a cohort of 30,025 Chinese adults >35 years, Wang et al%! found a prevalence 244 

of IC of 0.3% using the ECQ and a prevalence of PAD of 5.8%. Si et al%" found in a 245 
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population of 2489 Australian adults (~72 years) that the prevalence of IC was 10.9% 246 

according to the ECQ. Davies et al%% report a 3% prevalence of IC using the ECQ in a UK 247 

population of 1101 adults >45 years with an elevated CVD risk. The prevalence of ECQ 248 

defined IC in individuals with an ABPI < 0.9 was greater than those with an ABPI of >0.9 with 249 

relative risks of 10.4 (95% CI [8.0-13.6]), 1.6 (95% CI [1.3-1.8]), 13.9 (95% CI [5.9-32.7]) 250 

respectively, confirming that individuals with a positive ABPI are more likely to have a 251 

positive ECQ. The differences in IC prevalence between these studies is likely related to 252 

different demographics but may also be explained in part by a bias caused by nurses 253 

assisting with the completion of the questionnaire by Davies et al%% whereas Si et al%" had 254 

patients complete the ECQ unaided. It is unclear whether the participants in Wang et al.’s%! 255 

study received assistance completing the questionnaire. Basgoz et al%& found that 256 

completion of the questionnaire led by a trained interviewer rather than self-administration 257 

resulted in a seven-fold higher rate of individuals receiving a positive ECQ diagnosis. 258 

Whether this assistance improves the accuracy of the ECQ is not known and it is unclear 259 

whether any assistance was given to the original Leng et al!)  cohort.  260 

 261 

Current estimates of the prevalence of IC based on ECQ data may be inaccurate. With the 262 

ECQ we observed a false positive rate of 14% and false negative rate of 33% in a population 263 

with a 62% prevalence of IC. Crudely, our data suggests that, the true prevalence of IC in 264 

studies using the ECQ may be around 44% (95% CI [24-75%]) higher than previously 265 

thought. A more precise revision of previous estimates of the true prevalence of IC from 266 

epidemiological survey using the ECQ is desirable, though the poor accuracy of the ECQ 267 

precludes the use the statistical techniques necessary to achieve this%'. An alternative 268 

approach would be to make inferences about IC prevalence using epidemiological data 269 

derived from healthcare utilisation, however, this is also likely to underestimate the 270 

prevalence of IC. It is supposed that 10-50% of individuals who suffer with this treatable 271 

condition never consult a doctor& which may be as result of misappropriation of the 272 
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symptoms of IC as a normal part of the aging process or a lack of physical fitness%%. 273 

Knowledge and awareness of PAD by the public and non-specialist healthcare practitioners 274 

is poor. Less than 2% of people with PAD are aware they have it%! and less than 20% who 275 

have received a diagnosis of PAD are able to identify IC%(. As such, IC is most likely 276 

underdiagnosed and undertreated. Notwithstanding their current shortcomings, survey-277 

based methods of estimating the prevalence of IC remain favourable due to their low-278 

resource use and potential for wide distribution. Clearly, superior research tools are needed 279 

to produce accurate estimates of the prevalence of IC. 280 

 281 

Further implications of our findings are that the ECQ is not an appropriate tool for stratifying 282 

patient referrals to vascular services nor for use as an inclusion criterion for research trials. 283 

The accuracy of the ECQ is not sufficient for us to recommend its use, even in conjunction 284 

with a positive ABPI. This is particularly true of clinical trials performed in secondary and 285 

tertiary care settings. The poor diagnostic performance of the ECQ in this cohort was 286 

rectified by modification of the questions included, however whether this improved 287 

performance occurred due to characteristics that we unique to this cohort cannot be 288 

ascertained without verification of this observation in other cohort studies. As such the use of 289 

a modified version of the ECQ cannot be recommended at present.!290 

 291 

,$-$"#"$.*%!292 

Our study had a number of limitations. Our data reflect patients at a single UK vascular unit, 293 

and results may not be generalisable to patients referred for IC at other institutions where 294 

clinical diagnostic processes or patient characteristics may vary. It is possible, though 295 

unlikely, that “clinic patients” in the original ECQ study!)  represented a different 296 

demographic, with a different disease severity possibly due to variations in the referral 297 

pathway compared to our study population. However, this cannot be readily ascertained 298 

from the data collected in both studies. !299 
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We are unable to assess whether there is a bias in referrals to vascular services for 300 

complaints of lower limb pain due to greater accessibility of outpatient services compared to 301 

other relevant specialties, though the reasonable proportion of accurate referrals would 302 

refute this. Exclusion of non–English-speaking patients and individuals with cognitive 303 

impairment may limit the generalisability of our findings.!304 

5+* '3-#.+* !305 

This study has found that the diagnostic performance of the ECQ is poor in leg pain referrals 306 

to a tertiary care setting. This leads to questions about the utility of this questionnaire and 307 

the implications of its use in epidemiological and experimental research. Specifically, the 308 

findings presented in this study suggest that estimates of the prevalence of IC based upon 309 

the ECQ may not be accurate. We recommend against the use of the ECQ in both a routine 310 

clinical and research-based setting. There is a clear need for more accurate questionnaires 311 

to accurately diagnose IC. Preliminary data suggests that it may be possible to achieve this 312 

with minor amendments to the ECQ.313 
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Table 1: Ability of the Edinburgh Claudication Questionnaire, Resting ABPI and Post-

exercise ABPI to detect intermittent claudication compared to clinical diagnosis 

Classification of 

IC!

Clinical 

diagnosis !

ECQ ! ABPI !
 

Exercise 

ABPI  

ECQ & 

ABPI 

ECQ Q3 

+ 5 only  

Positive 

diagnosis!

62! 43! 60!
 

49 36 60 

Negative 

diagnosis!

38! 57! 40 49 64 40 

Total! 100! 100! 100 98 100 100 

Sensitivity 

(95% CI) 

47%  

(27-65%) 

66% 

(52-81%) 

56% 

(39-72%) 

40% 

(28-53%) 

82%  

(70-90%) 

Specificity 

(95% CI) 

63%  

(43-82%) 

50% 

(28-72%) 

60% 

(39-80%) 

71% 

(54-85%) 

72%  

(56-85%) 

Positive predictive value 

(95% CI) 

67%  

(56-77%) 

68% 

(60-76%) 

69% 

(59-78%) 

69% 

(56-80%) 

82%  

(70-90%) 

Negative predictive value 

(95% CI) 

42%  

(34-55%) 

48% 

(36-55%) 

45% 

(36-55%) 

42% 

(35-49%) 

72%  

(56-85%) 

Accuracy 

(95% CI) 

53%  

(43-63%) 

60% 

(50-70%) 

57% 

(47-67%) 

52% 

(42-62%) 

78%  

(69-86%) 

D?LF$P$&'Q+#$-1&("0&+$;1#6621#$0'7#RK$3/S$P$370'-21:"$/+&270(&)0,'$S2#6)0,''&01#K$F/$P$

0')#1G0))#')$(+&270(&)0,'$

 

 

Table 2: Ability of the Edinburgh Claudication Questionnaire to detect PAD 

Classification of 

PAD!

Clinical 

diagnosis!

ECQ 

(95% CI)!

Positive ! 85 43 
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Negative ! 15 57 

Total! 100 100 

 Sensitivity  48.2% 

(37-59%) 

Specificity 86.7% 

(60-98%) 

Positive 

predictive value 

95.4% 

(85-99%) 

Negative 

predictive value 

22.8% 

(18-28%) 

Accuracy  54.0% 

(44-64%) 

!"#$ %$!&'()* +,-$"./*&'0/1'2($#*341 '2((/ '+35$678$%$63+'9-3+/.$7+13+:$8'43/43$

!

 

 


