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Abstract

Objective: Thevalidity of theWalking Impairment Questionnai(@/IQ) as a
clinical tool for use by clinicians in the conservative management of patients with
peripheral arterial diseag$BAD) has not been well establishetihe objectiveof this
studywasto determinethe validity of theWIQ as a tool to identify high andw walking

ability (performance)n patients with PAD

Methods:We conducted a crosectional studynd enrolledl32new and existing
PAD patientsvho consecutively attendede vascular clinic at Kingston General
HospitalbetweerMay 2010 andMay 2011. Patients with ainkle Brachial Index20.9
were approached for study inclusidRarticipants were excluded if they h@j severe
ischemia requiring interventioKb) comorbid conditions that limited walkirfgngina,
congestive heart failure, chronic ohsttive pulmonary disease or severe arthri{is)
wheel chair, cane or walker requiremeid) noncompressible arterieand/or(e) severe
cognitive impairment Walking performance was assessed withwhaking Impairment
Questionnairgsurrogate mease) and a standardized graded treadmill (gsid standard
measure) Otherstudyvariables were obtained via questionngage, sex, comorbid
conditionsand smoking statdi®r direct measuremefweight, height, waist
circumference)

Results: 123 patientscompletedhe treadmill tes(70.7% malesmean age of 66.
and mean ABI of 0.6 withange 00.9). The score®n the WIQranged fron0 to 100and
absolute claudication distan(&CD) ranged from 0.03 to 0.98 mileall WIQ subscale
and overalkcore werepositively and moderatelgssociagdwith the ACD(r values0.63



t0 0.68,p<0.05) Based on the area under the curf’éhereceiver operating
characteristics curvanalysisanoverallWIQ scoreof 42.5 or lessdentifiedlow
performergsensitivty 0.9, specificity 0.7area under the cun@®89)while acombined
distance andgtairscoreof 75.5 or moredentified high performergsensitivity 0.4,
specificity 0.9,area under the cun@81)

ConclusionsBased on these findings, the WIgh easilyadministered selfeport
guestionnaireand the cutoffsdentified could be used tguantify andclassifywalking
ability in PAD patientsmaking this a potentially useful tool for clinicians to manage

PAD patients
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Chapter 1

General Introduction

1.1 Background and rationale

Peripheral arterial disea$l@AD) is a prevalent chronic condition that increases
with age, affecting 20% of patients over the agé®fears PAD is associated with an
exceptionally high risk of cardiac and cerebrovascular evEin®. Intermittent
claudicationdefined aghe onset of pain in tHeg orgluteal muscles ith exertion which
resolves with a few minutes of re€t,2), is a sentinel symptom of PAD and, in most
cases, indicative of disease severityie prevalence and effects of claudication on
walking performance vary within this population even for patients with similar clinical
profiles Given that the primary goal of conservative clinical management of PAD is to
minimize disease progression and optimize performanissimportant clinically tde
able to easily assess performance and the effects of treatment, including lifestyle
modification, on walking performancéValking performance has been assessed
objectivelyvia self-report tools or standardized treadmill te¢ss13). Many clinicians
maynot wuse standardized measures and rely
their questioningpersonal communication, 2012elt and Brown ) Thus it is difficult to
guantify, monitor and accurately asspsa t i e nt spérformaneeerbss theo f
continuum of this chronic condition.

Single stage and graded treadmill tests have been used to determine onset of pain

and maximum distance walked as measurements of a gatieadking ability (4). While
1



these tests may provide insight into the severity of claudication they aséerdfeasible

in a clinical setting TheWalking Impairment Questionnai(&/IQ) (14), a fourteen item
tool, has been used in a limditaumber of research studi€d). Previous studiethat
havefocusgdon the WIQ and treadmill testing are limitegsmall sample sizg®.g.:

26 patients(11)) andto the study of patients with intermittent claudicati@i©-12,15)
Thus these studies mapt havethoroughlyaddressethediversenature of te PAD
population and the wide range of observed sympt@nts2) Results of these studies
may therefore not be generalizable to the larger PAD populafibe only study to
investigate the Jality of the WIQ in adiversepopulation did so by comparing the results
to the4-metrewalking velocity (16,17) and éminute walking scorg17), not a graded
treadmill test(9). We have the opportunity to address this gap in the clinical research

literature.

1.2 Objectives and relevance

The overall goal of this research wasdetermine the vality of theWalking
Impairment Questionnairas a tool to identify high and lokevels ofwalking ability in
patients with PAD Our specific objectives were:

(A) To determine the criterion validity of the WIQ

(B) To determine cubff scores for the WIQ to iderfiyi patients with low or high

walking ability;

(C)To provide suggestions fongoingclinical use of the WIQ



Validation of the WIQ would provide clinicians with an assessment tool that could
be routinely completed by the patient at each clinic visit in daderonitor impact of
claudication pain on walking performancéhe WIQ has previously been validated as a
tool to determine changes in walking performance following treatr(fj but its
validity as & assessmefrfhanagement tool has not been determiriatbrmation
obtained from the WIQ in combination with
and risk factors would assist with clinici
symptoms Validation of the W against the treadmill test would also permit its use in

epidemiological studies, to allow for further investigation of experemgth PAD.

1.3 Study design

We conducted a crosectional study of consecutive PAD patients from the
vascular clinic at Kingsto General Hospitdtetween May 2010 and May 2Q1All
patients(new and existing) who met the clinical inclusion criteria were approached for
study inclusion Walking performance was assessed withwhaking Impairment
Questionnairgsurrogate measurend a standardized graded treadmill tg]) (gold
standard measurether variables were obtained @elfreportquestionnairéage, sex,
comorbid conditions and smoking stgtos direct measuremeweight, heght, waist

circumference)

1.4 Thesis organization
This thesis conforms to the regulations

of Graduate StudiesThe second chapter summarizes studies of relevance to the focus of
3



this study: the WIQ and its valigitas an evaluation tool to measure walking abilithe

third chapter describes the research methods employed in this fhlesifurth chapter

is a manuscript entitledetermination of valid cubdff points for use of thé/alking
Impairment Questionne for the identification of walking ability in patients with

peripheral arterial diseasto be submitted for publication to the Journal of Vascular
Surgery The fifth chapter presents additional results; results not presented in the
manuscript The find chapter of the thesis consists of a general discussion of findings, as

well as overall conclusions asdggestions fofuture research directions.

1.5 Student Contributions

As a research assistant on the PAD project, the candidate participated in patient
screening, questionnaire compilation, protocol design, database design, data entry and
participant testing Under the supervision of Drd ranmer, Brown and Pickett, the
candidate performed all data analyses and led the writing of all chapters of ths thesi
including the manuscriptThe candidate also participated in the dissemination of the
results through oral presentations at bothRberteenth Annual Scientific Meeting for
Health Science Research Traineées t he Facul ty of Hieasltyt h Sci
and the2011 Canadian Society of Epidemiology and Biostatistics National Student

Conference
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Chapter 2

Literature Review

2.1Key terms and definitions

Peripheral arterial diseas@AD) is one of the most important localizations of
atherosclerosis after coronary heart disease and cerebrovascular ¢ige&®wth of
athepsclerotic plaque leads to stenosis and occlusions of arteries in the lower extremities
resulting in symptomatic manifestations of the dise@ds8).

Theankle brachial indeXABI) is a simple tool for objectively measuring quality
of circulation in the lower extremitie@t). It is measured by dividing the ankle systolic
blood pressuréhighest of the posterior tibial and dorsalis pguilses for each leg) by
the highest brachial systolic blood press(#® A lower ABI indicates more severe
PAD, compromised circulation and stenos$t.

Intermittent claudications a primary symptom of PAD, and is definedfas
onset of pain in thieeg orgluteal muscles with exertion which resolves with a few

minutes of rest(6,7).



2.2PAD

2.2.1Prevalence

Peripheral arterial dease of the lower extremities is a prevalent chronic condition
that increases with age, and is associated with exceptionally higarsiardiac and
cerebrovascular eventd). Findings from a recent USA epidesiogical study suggest
that approximately 5 million American adults suffer from PAD, based on a prevalence of
4.3%(95% ClI 3.1% to 5.5%) for individuals over 40 years and a prevalence of 14.5%
(95% CI 10.8% to 18.2%pr individuals over 70 year§3). There is an absence of
Canadian data surrounding the prevalence of PAD; however, some have estimated the

prevalence to be approximately 4% of the populatiged40 years and olde(9).

2.2.2Diagnosis and assessment

The severity of PAD is assessed clinically according to the level of arterial
occlusion The ankle brachial indefABI) is a common nofinvasive assessment of the
degree of occlusior§2,5). The disease can be classified into three categories based on
the ABI: mild (0.7 to 0.9), moderat®.5 to 0.69), and sevefkess than 0.5)7). Further
diagnostic assessment of patgiiso includes ultrasonic duplex scanning to identify
presence of atherosclerotic plaque, areas of calcification, and the level of the occlusion,
but it does not provide aaccurate measurement of the degree of occluglon
Computed tomographic angiograpagd magnetic resonance angiography are two

methods that detect more precisely the severity of the occluSiomntrast angiography is



another invasivenethod ofevaluation of the occlusiorAll three types of agiography
are associated with some risk to the patient due to the nature of theltestsuse may

therefore be reserved for severe cases and those for whom revascularization is planned.

2.2.3Clinical presentation, prognosis and natural history

Patients caibe classified based on the severity of disease as measured by the ABI
However, dow ABI score, normally associated with more sevetermittent
claudication(11), does not always correspond to the severity offggms, such adsw
walking performance or more claudication pdif). PAD patients can also be classified
based on the severity of their symptoms

Intermittent claudication is the onset of pain in the leg oregluhuscles with
exertion that resolves witha few minutes of res(6,7). Approximately 2050% of PAD
patients present initially with no symptoms;30% present with atypical leg pain,-10
35%with intermittent claudication and2% with chronic leg ischemi&10,12) 50% of
patients with intermittent claudication show either no change in symptoms or
improvement in function after 5 yeaf10,12) After 5 years, symptoms progress in 16%
of patients with intermittent claudicatiofi0,12) Furthermore, 25% of patients with
intermittent claudication will require surgery or experience tissue loss within 5 years of
diagnosis, yet less than 4% of these patients require amputatigt?) The Syear
mortality rate is 5-30%, of which 75% is due to cardiovascular caudéxs12) Another
20% of patients with intermittent claudication will experience afata cardiovascular

event (10,12) After 1 year, 25% of patients with critical limb ischemia require
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amputation, and mortality due to cardiovascular causes is 25% in these péitiEh®y
It is important to treat patients as early as possible in order to prevent progression to

critical ischemia since the prognosis at this stage is less favourable.

2.2.4Risk Factors

Several modifiable risk factors are associated with PAD development, and these
are gmilar to those for coronary artery disea&®. Fowleret al. found, in a study of
650PAD cases and 3352 controls, that PAD was associated with smolihgi@jarettes
per day(odds ratioOR) 3.9, 95% CI 2-6.6), with aneven stronger association for
smoking25 or more cigarettes per d@yR 7.3,95% Cl 4.212.8) (13). There was a
decrease in the OR for former smokers from(85%0 Cl 2.411.9) for less than 1 year to
1.3(95% CI 1.01.7) for 20 years or mor€l3). In addition, there was an association
between PAD and a history of diabetes mell{fDR 1.9 95% CI 1.2.5), high
triglycerides(OR 1.5 95% CI 1.22.0), high cholesterqlOR 1.3 95% CI 1.11.7) and
physical inactivity(OR 1.4 95% CI 1.22.7). Dyslipidemia, obesity and hypertensign)
and above normal waisb-hip ratio(OR 1.68 95% CI 1.02.70) (14) have also been
shown to increase the prevalence of arterial diseaskrin and Erlinge(2004) in a
study of 2174 participanta)sodid not observe a difference averallprevalence
between the sexeBowever, prevalence varied across age grd8ps.

Similarrisk factors are associated with the development of intermittent
claudication The Framingham Heart Study followed 2336 men and 2873 women over

the course of 38 years with biennial examinatigbS). They performed an analysis of
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risk factors for intermittent claudicatigprobability of having intermittent claudication at
the 4 year follow up visit) as measured by the Rose Questionfid)e They found a
significant association between intermittent claudication and: mal@éex1.7, 95% CI:
1.32.1), aggOR: 1.5, 95% CI: 13.6 per 10 years), hypertensi@tage 1 OR: 1.5, 95%
Cl: 1.1-2.0; stage 2 OR: 2.2, 95% CI: 130 compared to normotensive group), diabetes
(OR: 2.6, 95% CI: 248.4), smoking OR: 1.4, 95% CI: 1.3.5 per 10 cigarettes),
cholestero(OR: 1.2, 95% CI: 1.3 per 40mg/dL) and coronary heart disg&3e: 2.7,
95% CI: 2.23.4) (15). These are essentially the same risk factors as those mentioned

previously for PAD

2.2 5Treatment

Goals surrounding the conservative clinical management of patients with PAD are
to minimize disease progression and to optimize wglperformance; with the loAgrm
goal of minimizing limb loss(7).

Treatment of patients with PAD generally involves programs targeted at risk
factor modification Some of these programs include smoking cessatidregercise
programs(7). In a study of 343 patients with intermittent claudication, smoking
cessation reduced the risk of developing rest (@#hin former smokers compared to
16% of those who continued to smoKkern7years)(16). A metaanalysis of treatment
studies found that physical training increased pain free and total walking distance
significantly (the measures wefe89m, 95% CI 3246.9 and 179.1m, 95% CI 60.2

298.], respectively)(17). Medications can also be usedclinical managementThese
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include Pentoxifylline Ticlopidine, Clopidogrel, Cilostazol, Levocarnitine and Nafronyl
(12). The effectiveness of these different medications in treating PAD or intermittent
claudication varie§12,17) Most are targeted at risk factdqesg.: cholesterol,
hyperlipedimid or at clot preention via antiplatelet drugs(12,17) Revascularisation
therapies are used to relieve ischemic symptoms and minimize tissue loss or limit the

degree of amputatiof7).

2.2.6 Assessment of walking performance

There are two ways to assess walking performatjcebjective standardized walking

tests and 2) seif report questionnaires

2.2.6.1Walking tests

Single stag€2mph constant grade %) and graded treadm{Bmph, increase
in grade over time from O0%) tests have
(18). The distance of initial claudication distar(¢€D: start of test to onset of pain) and
absolute claudation distanc€ACD: start of test to maximal pain, end of treadmill test)
are typically are used to describe walking performance in patients with claudication as
thesevalues are closely correlated over multiple visits in the graded18%t In a study
of 330 PAD patients with intermittent claudication for more than 6 motitesACD,in
comparison to the ICPDwas a more reliable measure of exercise performance over
multiple visits 3 months apafACD intra-classcorrelation coefficientsvere0.90 and

0.88 for the graded and single stage tests; the ICDéfdss correlation coefficientgere
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0.81 and 0.74 for the graded and single stage té58)) The reliabiliiesof both the
ACD and the ICD were higher for the graded treadmill test compared to the single stage
test (19). In additionthe authors reportatiat the reliability of the ACD for patients able
to walk more that 300ft wgasimilar for both treadmill tes{mtra-class correlation
coefficient 0.88 for graded versus 0.85 for single stage) whereas it was much higher for
the graded test in patients unable to walk 3(D&3 versus 0.2for the single stage
(19). These results indicate that for patients with severe walking impairment due to
intermittent claudication the graded treadmill test is a more reliable measure of their
walking performance; the single stage test may be adegqudteote with limited
intermittent claudication pain

Functional claudication distan¢ECD: the distance when the patient prefers to
stop due to intermittent claudicatiomay be a more appropriate measure than the ICD
and the ACD t oswakiaglahilitytiredaya-day activitiesas mast
patients will not stop walking after the onset of pain but will not walk until maximum
pain is reached20). In a study of 57 patients with intermittent clézation who
received two treadmill tests 3 weeks aptme reliability of the ACD was found to be
greater than that of the FCD which in turn was greater than that of th@rittdclass
correlation coefficient®.97, 0.96 and 0.94espectively)20). Theauthors reportethat
the FCD, however, correlatdest with quality of life followed by the ACD and the ICD
(20) andsuggestd, thereforgthat the FCD should be nmaed alongside the ICD and

the ACD in a graded treadmill te¢20).
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Anothertest the 6minute walk teshas also been used to assess walking
performance(21). The éminute walk test measures the distance walked in 6 minutes at
a patientods no mhasudyofied PADIpatignishe digamabs walked
during two 6minute walk tests a week apart haligh reliability (intra-class correlation
coefficient 094) (22). The éminute walking distance weakly correlated with the ICD
=0.35, p = 0.007) and moderately with the ACE 0.52, p < 0.001) during a graded
treadmill test(22). In a study of 34 PAD patients with intermittent claudication the 6
minute walk test was found to be more closely related telifiregy physical activity, as
measured with the energy expenditure of physical activity, than the ICD and thé ACD
0.63 p < 0.001or the 6minute walk testr = 0.27 p = 0.1%or the ICD and r = 0.47 p =
0.01for the ACD) (23). Another study with 156 PAD patients found that while the 6
minute walk test was significantly assated with higher levels of physical activ{ty
trend = 0.01) the association was not significant between the ACD and physical activity
(p-trend = 0.08)(24). Findings from these studies suggest that theiftute walk test
may be a better measure of overall physical activity than the treadmill test in patients with
intermittent claudicationThe associatigrhowever is really between the amount of
physical activity performed throughout the day and tmeitute walk test and not
walking ability. In addition neither studydokinto account the number of stops a patient
makes during the day but simply how much physical activity they perfof@3z#).

Since by definition intermittent claudication is p#matresolves with resandthis pain

typically resolves rapidly6,7)it is possible for patients with limited ability to still walk
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large distances with numerous resthiese studies indicate, therefore, that tmeitute
walktestouldbe wused as an estimate offorthe pati ento
primary assessment of walkiagility.

While treadmillandthe 6minute walktest may provide insight into the severity
of intermittent claudicatiorthey may not be feasible in a clinical setting due to time
constraints and willingness of the patient taipgrate Self-report tools may therefore

be more usefuior the quick ad effective assessmentaf pati ent 6s severit)

2.2.6.2Self report assessment

Self report tools used in previous clinical and research studies include: the
WHO/Rose Questionnair€5), the Edinburgh Intermittentl@udication Questionnaire
(25) and thewalking Impairment Questionnair€6). The WHO/Rose Questionnaire
(sensitivity 60%, specificity 91%) and the Edinburgh Intermit@atudication
Questionnairésensiivity 91.3%, specificity 99.3%have beenused to identify the
presence of intermittent claudicatid@5) but do not provide information about the
severity or impact of intermittentaudication
TheWIQ is the most commonlysedself-report toolin this clinical population
(27). It is a fourteen item tool used to evaluate limitation due to intermittent claudication
(Figure 1) Total and subcale scorefdistance, speed and stairs) are obtairteath item
isansweredoaL i kert scal e tftada odm®d tfor4 Afumrabireo di f
weighted based on the difficulty of thetgqekg t he wei ght for Awal k s

whereasofojogount i s 5 ;. Stbachléscares argdetersiined n  F i
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by dividingthe weighted answels/ themaximumpossible weighted scoend

multiplying by 100 Each sore therefore ranges froml@Owith lower scores indicating

lower performace The overalland combinedcores arecalculated as the average of the
subscoreslt ems coded as #fADi dnot dmeremoved fromttheer r e
denominator of the weighted score to calculate a score based on the itemm&nat r
(i.e.:limitation, if any, was due only to intermittent claudicatiotffyjmore than half of the

items in asubscoresrecoded as such the subscaeoded as missin@28). An

example of the scoring is included in thpandix.

The WIQ was first developed 20 years a@®) and has been revised over time; thus the

overall scores may not be comparable between sty@dis While the disance and

speed scores have remained unchatiggee for changes from feetneetres for the

Dutch version(29)) and scoring remains similar, three questions on stair climbing ability

have been addexhdthe sectiorfor differential diagnosis of PAD remove@8). In

order to reduce the number of missing answ
reasons o0 (28a Bhe maditbe qliestionnaire can be satiministeredr phone
administered, with no significant difference in response between methods of

administration(28).
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Figure 1: The Walking Impairment Questionnaiwth weights

For the following questions, the response options range from ‘No Difficulty’ to ‘Unable to Do.” If you
cannot physically perform a specified activity, for example walk 2 blocks without stopping to rest
because of symptoms such as leg pain or discomfort, please place a ¥ in the box labeled ‘Unable to Do.’

However, if you do mot perform an activity for reasons unrelated to your circulation problems, such as
climbing a flight of stairs because your home is one level or your apartment has an elevator, please
place a ¥ in the box labeled ‘Don’t Do For Other Reasons.’

1 Please place a\ in the box that best describes how hard it was for you to walk on level ground without
stopping to rest for each of the following distances during the last week:

During the last week, how No Slight Some  Much Unable Didn’t Do .
difficult was it for you to: Difficulty Difficulty Difficulty Difficulty toDo for Other W eight
Reasons
a. Walk indoors, suchasaround [ a a a a a
20
your home? 4 3 2 1 0
b Walk 50 feet? Q Q Q Q Q (. 50
4 3 2 1 0
c. Walk 150 feet? (1/2 block)? Q Q Q Q Q Q 150
4 3 2 1 0
d. Walk 300 feet? (1 block)? a a a a Q a 300
4 3 2 1 0
e. Walk 600 feet? (2 blocks)? Q Q Q Q Q Q 600
4 3 2 1 0
f. Walk 900 feet? (3 blocks)? Q Q Q a Q Q 900
4 3 2 1 0
g Walk 1500 feet? (5 blocks)? (O Q Q Q aQ Q 1500
4 3 2 1 0
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o Please place a V'in the box that best describes how hard it was for you to walk one city block on level
ground at each of these speeds without stopping to rest during the last week. Please note I block is
roughly equivalent 1o 300 feet.

No Shlight Some Much Umable Didn't Do

g;g';i el ff; ':i*; g Difficuly Diffcalty Diffcuky Diffcuty to Do _for Other Weight
a. Walk 1 block slowly? Q Q Q Q a a 15
4 3 ;i 1 0
b. Walk 1 block at average speed? [ a a a a Q 5
4 3 , 1 0
c. Walk 1 block quickly? a Q a Q Q Q 3
4 3 y, 1 0
d. Run or jog 1 block? | Q Q a Q a 5
4 3 y; 1 0

3 Please place a Y in the box that best describes how hard it was for you to climb stairs without stopping to
rest during the last week. Please note 1 flight of stairs is roughly equal to 14 steps.

. No Slight Some  Much Umable Didn’t Do .
During the last week, how Difficulty Difficulty Difficulty Difficulty to Do for Other  Weight

difficult was it for you to: Reasons

a. Climb 1 flight of stairs? a B | g Q Q 1
4 3 2 1 0

b. Climb 2 flights of stairs? Q Q a Q a Q 9
4 3 > 1 0

¢. Climb 3 flights of stairs? a a Q Q Qa (| 3
4 3 2 1 0
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2.2.6.3Validation of the Walking Impairment Questionnaire

A small number of studig9 able 1) have described some evaluative aspects of
the WIQ The WIQ was developed and initially validatedhin a sample of 26 PAD
patients with intermittent claudication altb walk on a treadmil(26). In this study, a
change in the distance score was moderately associated with a change in {the ICD
0.48 p < 0.05) but not with a change in the ACD; a change in the speetivgas
moderately associated with a change in both the(tGP0.43 p < 0.05) and the ACIr
=0.51, p <0.05)26). A more recent study of 91 PAD patients with intermittent
claudication reported that a e¢lge of 10% in the overall WIQ score corresponded to a
change of the ACD of 345niThe study found a weak but significant correlation between
the changes in the WIQ score and the AGp e a r ooaatatios coefficient = 0.33, p
= 0.004) and a significanegendency of the change in WIQ score on the ACD
(univariate linear regression analysis p < 0.0Q1}). Findings from these studies
indicate that changes in WIQ scores are modestly related to changes in walking
performance as assessed with the ICD or the ACD.

Regensteineet al also assessed the correlation of the WIQ to the ACD and the
ICD at the start of the study and following intervent{erercise program or
revascularisation surgery(6). They found that prior to intervention the distance score
correlated moderately and significantly with the AQGB 0.68, p < 0.0pwhile the speed
score did nat Following interventionboth distance and speed scores corrélate
moderately and significantly with the ACD= 0.58,p < 0.05 and r = 0.67, p < 0.05,

respectively) as well as with the IQD=0.41, p <0.05 and r =0.40, p <0.05
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respectively) It is not clear why the association would change following interveriiid
it could be due to patient familiarity with the questionnaire ramcinatingabout it
between administrationsThe questionnaireias foundo be repeatabl@o change in
scores for the control grougR6).

Another study of 48 patients with intermittent claudication found significant and
moderate correlation between the distance scorealdBgS pear manos r ank
correlation0.41, p<0.05) andtheICEpear mands r ang<00Bas el ati o
measured using a single stage treadmill t€3@). Yet another study with 130 patients
with intermittent claudication and using a Dutch version of the questionnaire found that
the distance, speed and stair climbinges@s well as the total scqrexhibited
significant and weak to moderate correlasitmboth the AC[00.45, 0.43, 0.37, 0.52
respectively, all p < 0.01) and the FQ43, 045, 0.32, 0.48 respectively, all p < 0.01)

(29). Thirty of these patients were used to evaluate thedesst reliability which was
determined to be highest for theerallWIQ score(intra-class correlation coefficient
0.89 for the total score versus intfass correlation coefficient ramg from 0.75 to 0.8
for the three sectiong)29).

These studies indicate that for patients reporting intermittent claudictigon
WIQ score as well as some of its subscores appear to be significantly and mpderatel
correlated with results from treadmill testBhese studiefhiowever may not adequately
addresghediversenature of PAD and that many patients do not exhibit symp{ergs

do not walk long enough to develop intermittent claudication or may trvky ha
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intermittent claudication yet may has@nificant PAD. Since themanagemenf all
levels ofintermittent claudication is one of the goals for most PAD patients
understanding howatients with sevenatermittent claudicatiodiffer from apparery
symptomless patients and those with mild intermittent claudication is importAD
research The WIQ, therefore, @eds to be validated for use with patients who experience
a range ofntermittent claudicatiosymptoms

The only study to investiga the validity of the WIQ in diversePAD population
did so by comparing the results of the WIQ to theetrespeed test and-@inute walk
test, not a graded treadmill teg21). 146 PAD patients with and withibintermittent
claudication were assessebhe authors reported significant correlation between the
WIQ distance score and thentinute walk tes{S p e a r makrtdrslation coefficient
0.56, p < 0.001), and between the WIQ speed score and both thpased and fast
pacedd-metrewalk test(S p e a r markrdrslation coefficients 0.53 and 0.56
respectively, p < 0.001§21). The associations between WIQ distance score and the 6
minute walk test for PAD patiémwith and without intermittent claudication, were
similar when assesse&th a regression analysis(21). This supportghe validity of the
WIQ for use in aiversepopulation of PAD patients.

The samples used previous studies conducted to evaluate the validity of the
guestionnaire range from 55.5% male to 96% nwilih average ABIs ranging from
0.55+0.2 to 0.72+0.1711,21,26,29,30) These numbers indicate some obvious

differences between the samples used previously difficult to make recommendations
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concerning the use of the questionnaire as the results from thess sthagi not be
generalizable to the entire PAD population or even the population seen at the vascular

clinic at KGH

2.3 Summary

The primary goal of conservative clinical management of PAD is to minimize
disease progression and optimize performaihcg therefore important clinically to be
able to easily assess performance and the effects of treatment, including lifestyle
modification, on walking performancéValking performance has been assessed
objectivelyvia self-report tools or standardized treadnsts (3,10,11,18
21,25,26,28,29) Treadmill tests are not always feasible in a clinical setting and a short
self report tool such as the WIQ may be more usdfuevious studiemvestigating the
WIQ all report on he correlation of the WIQ orssubscores to clinical measurements of
walking ability (single stage treadmill test, graded treadmill teshigute walk test o#d-
metrewalking test) but do not report on ttrae validity(sensitivity and specificifyof
the WIQvs. a gold standardndits ability to differentiate between groups of patients
(e.g.: those with severe limitations compared to the oth@f®se studiemay not
adequately address theversenature of the PAD populationNVe hadthe opportunity to
address tbsegaps in theclinical research literature as well as to assess correlation

between the WIQ and a graded treadmill test in a large PAD population
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Table 1: Summary of previous work on the validity of thewalking Impairment Questionnairg¢o evaluate walking
ability in peripheral arterial disease patients

Authors Title Sample Study Evaluated Change | Key findings and Conclusions Gaps or
(year) (ref) purpose against or concerns
specific
time
Regensteiner,| Evaluation of | Limited to To develop a | Graded Change | 1 Moderate association of change in WIQ | Small sample
J.G.; Steiner, | walking PAD guestionnaire | Treadmill and distance score with change in ICD size.
J.F.; Panzer, | impairment by | patients with| to evaluate the| test: ACD specific | 1 Moderate association of change in WIQ | Low femde
R.J.; Hiatt, questionnaire | intermittent | degee of time speed sore with change in ICD and ACD | frequency
W.R. (1990) in patients claudication Walklng 9 Moderate association of WIQ speed and
(26) with peripheral| (n = 26, impairment distance scores with ICD and ACD
arteriatdisease| 96%male) and efficacy of  The WIQ is a valid instrument to
an intervention characterize and detect changesking
to improve impairment in patients with intermittent
walking ability claudication
McDermott, Measurement | Patients with| To compare Walking Specific | 1 Moderate association between the WIQ | Used the
M.M.; Liu, of walking PAD WIQ scores to | endurance | time distance score and thenGinute walk test 6minute walk
K.; Guralnik, | endurance and (ABI(0.9) objective with the 6 1 Moderate association between the WIQ | test andd-metre
J.M.; Martin, | walking (n =145, measures of minute speed score and theual paced and fast speed test not a
G.J.; Criqui, | velocity with 55.5% male)| walking walk. paced 4m walk test graded treadmill
M.H.; guestionnaire: | patients performance inf Walking fWIQ is a valid measure of community test
Greenland, P | validation of | without adiverse velocity walking ability in adiversegroup of patients Sample of
(1998)(21) the Walking PAD (n = population of | with a4- 55.5%males
Imparment 65, PAD and non | metrewalk with PAD not
Questionnaire | 53.8%male) | PAD patients representative
in men and of general
women with distribution in
peripheral population

arterial diseasg
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Authors Title Sample Study Evaluated Change | Key findings and Conclusions Gaps or
(year) (ref) purpose against or concerns
specific
time

Myers, S.A.; | Claudication | Limited to To evaluate Constant Specific | 1 Moderate association between distance al Small sample
Johanning, distances and | PAD the grade and | time pain scores and ICD and ACD size and single
J.M.; theWalking patients with| relationship speed T WIQ is a valid tool to evaluate walking stage treadmill
Stergiou, N.; | Impairment intermittent | between treadmill impairment in patients with interrbént test
Lynch, T.G.; | Questionnaire | claudication | quantitative test: ICD claudication
Longo, G.M.; | best describe | (n =48, and qualitative| and ACD,
Pipinos, 1.1 the ambulatory| %male measures of | Self selected
(2008)(30) limitations in | unreported) | walking pace

patients with performance | treadmill

symptomatic test

peripheral

arterial diseaseg
Nicolai, S.P.; | TheWalking Limited to To evaluate Graded Change | ' Weak correlation between change in the | Did not look at
Kruidenier, Impairment PAD the WIQ as a | treadmill WIQ score and ACD validity at a
L.M.; Questionnaire | patients with| tool for test: ACD TWIQ is a valid tool to detect changes in th¢ specific time
Rouwet, E.V.;| an effecive intermittent | detecting daily walking ability but rather
Graffius, K.; | tool to assess | claudication | changes in whether is able
Prins, M.H.; | the effect of (n=91, daily walking to assess
Teijink, J.A treatment in 61.5% male)| ability changes in
(2009)(112) patients with ability

intermittent following an

claudication intervention
Verspaget, Validation of | Limited to To validate the| Graded Specific | T Moderate association between WIQ speed Dutch Version
M.; Nicolai, the Dutch PAD Dutch version | treadmill time distance and total scores and FCD and A( of the
S.P,; version of the | patients with| of the WIQ test: ACD 1 The Dutch versiowof the WIQ using the guestionnaire
Kruidenier, Walking intermittent | using European metric system is a valid, reliable
L.M.; Welten, | Impairment claudication | European and clinically relevant instrument for
R.J.; Prins, | Questionnaire | (n = 130, metric system assessing walking impairment in patients
M.H.; 63% male) with intermittent claudication
Teijink, J.A
(2009)(29)
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Chapter 3
Methods
3.1 Overview

Drs. Peter Brown, David Zelt, Ann Brown, Joan Tranmer, John Rudan and

Robert Ross received funding from theademic Health Science Centres Innovation

Fund todevelop a large clinical PABohort to systematically quantify, through detailed

testing, modifiable factors associated with optimal patient outcofmeaddress the
thesis study objectives we conductediscrete crossectional analysis of baseline

characteristics of participangsirolled inthe ongoing cohort study.

The overall goal of this research wasdetermine the validity of thé/alking
Impairment Questionnairas a tool to identify high and lokevels ofwalking ability in
patients with PAD Our specific objectives were:

(A) To determine the criterion validity of the WIQ

(B) To determine cubff scores for the WIQ to identify patients with low or high

walking ability
(C) To provide suggestions fangoingclinical use of the WIQ

3.2 Ethical approval

The PAD study protocdlSURG-212-10) and this thesis specificaljePID-342-

11)wer e approved by t he Qu sandAiftiated Teachimgr si t vy

HospitalsResearch Ethics Board
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3.3Sample

3.3.1Participant identification and selection

Consecutive patients diagnosed with PAD in thewks clinic at Kingston
General Hospital betwedvlay 2010 andMay 2011, were identified by the two vascular
surgeons The identified patients were telephoned and were invited to return to the
hospital for a study visit

3.3.2Inclusion and exclusion criteria

Inclusion criteria werga) a resting AnkleBrachial Indexof 00.90(clinical

definition of PAD) andb) informed consent

Participants were excluded if they h@) severe ischemia requiring intervention,
(b) comorbid conditions that limit walkin@ngina, congestive heart failure, chronic
obstructive pulmonary dease or severe arthriti§}) wheel chair, cane or walker
requiremen{d) norcompressible arteries preventing use of the Ankle Brachial Index,
and/or(e) severe cognitive impairment he exclusion criteria were selected to ensure
that the patientvasable walk on a treadmill and that claudication due to Réd3the
limiting factor for walking performance

3.4 Measures

3.4.1Treadmill test

The treadmill test used in this stuiyolved protocolssimilar to thoseused in
previous PAD studieg1,2)and consisted of a progressive, graded treadmill protocol

(constant speed at 2 mph after initial increase, 0% grade initially with 2% increases in
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grade every two minutes after the initial speed increasetaxanum of 10%) conducted
until maximal claudication pain was reached or to a maximum duration of 30 minutes
(about 1mile). Participants were asked to identify distance of initial claudic4t©D,

start of test to onset of painyrctional claudicatio distancgFCD, the distance when the
participant prefers to stop due to intermittent claudictionl absolute claudication
(ACD: start of test to maximal pain, end of treadmill te3these measures were used to
guantify the severity of claudicatiomo allow participants to familiarize themselves with
the treadmill the initial speed was set to Infph and increased by Oxiph every 10

seconds for the first 90 seconds until the maximum speedhph2vasreached

3.4.2Walking Impairment Questionnaire

As previously describetheWIQ is a fourteen item tool used to evaluate
limitation due to intermittent claudication the PAD population(3). We obtained
subscale scordglistance, speed and staies)well as ograll and combined scores
ParticipantsratedomL i kert scal e tfa odno® tfmr4 fAfumra b reo «
guestions related to walking abilityscores weraveighted based on the difficulty of the
task(eegt he wei ght for RARewakbkhssfowl fibunsofl. pbowo
in Chapter 2, Figure1)l f a patientods answer for fiaroun
A50 feetodo the score was changed to that of
lowered their answer based on firesence of stairs in the house and not that the question
referred t o Sibscaesseores arerdetermirted by dividirggweighted
answerdy themaximumpossible weighted scoend multiplying by 100 Each sore

therefore ranged from-000with lower scores indicatingwer performance The overall
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and combinedcores werecalculated as the average of the subscdtesns coded as

ADi dndt do for other reasonso or missing w
weighted score to calculateseore based on the items that remaied limitation, if

any, was due only to intermittent claudicatioffymore than half of théems in a

subscores were coded as such the subscore was coded as dissing

3.4.3Additional Variables

3.4.3.1ABI

ABI was obtained from referral forms filled out by the vascular surgedhs
values for these forms were those obtained from previous vascular teshimgsix
months oftreadmill test The lower of the two AB(right and left\was used as the

participantds ABI

3.4.3.2BMI/ Waist circumference

Weight was measured using a medical weight scale in pounds while height was
measured in feetThese values were converted to the metric sygkagrand m) to
det er mi ne t he-massmdéxiweighpoaenheighd squimedaist

circumference was measured at the top of the iliac crest asemthropometric tapgb).

3.4.3.3Self report variables

A number of variables wereterminedased on completion afself report
guestionnaire The paperquestionnaire wasompletedoy the participant who was

instructed to select the answer they felt was most appropriate to Teradministrator

31



provided noguidancdf askedfurther questionby the participantto be consistent with
all participants and nab influence their answers
Smoking status was assessed based on the answers to question 16 of the
demographic questionnaire relating to when a participant had quit smakmsgvering
Al have neoeresmoheed to a never smoked st .
current smoker status and any other answer to former smigkesing values were
completed using answers from question 12 to determine current smokingftdtasi | y 0
or fAoccas ispondad td quroentcamegatiee answer on questiqi 2ot a't
all 0) in combination wit(hRhhavpogbtui eeeansme
cigarettes daily?0) corr geptionsilatidgtdad o a f or m
smoking were based on ther@alian Community Health Surve) and are appended.
Number of pack years was determined based on the number of cigarettes smoked
daily (question 15) multiplied by the duration of smokir§moking duration was
determined as the halfway point in the time intervals from questi¢e.g4i 3 t o 5
yearso corresponds to 4 years, fAmore than
Age was defined as age on DecembélZ111 and was determindased on the
par t i celfpepordd bidhday
Diabetic status was obtained from a sefborted list of comorbid conditions.
3.5Data
3.5.1Data collection procedures
Participant testing was conducted in a researabrddbryspace affiliated with the

office of Dr. Brown at the King®n General Hospital.
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Weight, height and waist circumference were measured and the participant
completed the treadmill tesEither a nurse with expertise in exercise testmghe
candidatga trained first responder, EMT and EMégnducted all testintp ensure
constant monitoring of participants for any sign of a potential adverse event
Additionally, at least one of the vascular surgeons wasatirat the hospital during all
testing and standard hospital emergency procedures were in place shaitdation
require them Following the treadmill test, the participant sat and completed the

guestionnaires

Participants were compensated for parking and gas with twenty dalteather

they completed all steps or not.

3.5.2Data management

Participant iformation was stored, devoid of identifiable information, in a locked
study office Results from the questionnaires, treadmill test and other variables were
entered into a secure database stored on a password protected computer in a locked study
office. Three members of the study team including the research coordinator and the
candidate had access to the study identification number key in order to contact

participants fothe schedulingof tests.

3.5.3Statistical analyses
Analyseswereconducted using SAtaistical Analysis Software, Version 9.2,

SAS Institute, Cary, North Carolina, USA)



The sample was described using standard univariate statiSessriptive
statistics were obtained for the initial, functional and absolute claudication distances as
well as for subscores and combined scores fov\taking Impairment Questionnaire
Participants were divided into three groups by tertiles of their absolute claudication
distancglow, medium and high)Comparison oABI between those who participated
and tlose contacted who did not participatasaeterminedising twesample
independent-test to determine if there was a difference between those who participated

and those who did not.

To describe the criterion validity of the WIQ scores we determined the
Spe a r maamk @asrelation coefficientsetween the WIQ subscores and combined
scores and the absolute claudication distai@efurther describe the WIQ scores we
comparedscores between males and females and between particihtandO60

using twesample independenitéss.

Receiver operating characteristROC)curves were created for each subscore
and combined scores in 0.5 @it increments for identifying low and high walking
ability. The area under the curve was calculated using the talg¢method7). The
cut-off values were identified for at least 0.8 sensitivity, 0.9 sensitivity, 0.8 specificity and
0.9 specificity Positive and negative predictive values for theaftg of the score with
the highest area under the ROC curve for 0.9 sensitivity for low performers and 0.9

specificity for high performers were calculated.
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Ratios between ICD, FCD and ACD were calculated for each of theahilég
groups and compared using ANO\(posthoc testBonferroni methojito determine
differences between group$-tests were used to determine whether the mean ratios

(ACD/ICD, FCD/ICD and ACD/FCD) were different from 1
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Chapter 4
Determination of valid cut-off points for use of theWalking Impairment
Questionnairefor the identification of walking ability in patients with

peripheral arterial disease



Abstract

Objective: Thevalidity of theWalking Impairment Questionnai(@/IQ) as a
clinical tool for use by clinicians in the conservative management of patients with
peripheralrterial diseas@PAD) has not been well establishetihe objectiveof this
studywasto determinethe validity of theWIQ as a tool to identify high and low walking

ability in adiversesample opatients with PAD

Methods:We conducted a crosectionastudyand enrolledl32 new and existing

PAD patientsvho consecutively attendéde vascular clinic at Kingston General

Hospitalbetween May 2010 and May 2Q1Ratients with an Ankle Brachiatld e x OO0 .

were approached for study inclusidRarticipants were excluded if they h@j severe
ischemia requiring interventioKb) comorbid conditions that limited walkirfgngina,
congestive heart failure, chronic obstructive pulmonary disease enesanthritis) (c)
wheel chair, cane or walker requiremeid) noncompressible arterieand/or(e) severe
cognitive impairment Walking performance was assessed withwhaking Impairment
Questionnairgsurrogate measure) and a standardized gradadmyill tes{gold standard
measure) Otherstudyvariables were obtained via questionngage, sex, comorbid
conditions and smoking stajusr direct measuremefweight, height, waist
circumference)

Results:123patientscompletedhe treadmill tets(70.7% malesmean age of 66.

and mean ABI of 0.6 withange 00.9). The score®n the WIQ ranged fror@ to 100 and
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absolute claudication distan@&CD) ranged from 0.03 to 0.98 mileall WIQ subscale
and overall scores wepmsitively and moderatelyssociagd with the ACD(rs values
0.63t0 0.68,p<0.05) Based on the area under the cust/éhereceiver operating
characteristics curve analysaoverallWIQ scoreof 42.5 or less identified low
performergsensitivity 0.9, specificity 0.@rea mder the curv®.89)while acombined
distance andtairscoreof 75.5 or more identified high performegsensitivity 0.4,
specificity 0.9,area under the cun@81).

ConclusionsBased on these findings, the WIQ, an easily administeredegeift
guesionnaire, and the cutoffs identified could be used to quantify and classify walking
ability in PAD patients, making this a potentially useful tool for clinicians to manage and

monitor PAD patients.



4.1 Introduction

Peripheral arterial disea§l@BAD) is a prealent chronic condition that increases
with age, affecting 20% of patients over the age of 75 years, and is associated with an
exceptionally high risk of cardiac and cerebrovascular evEin®. Intermittent
claudicationdefined aghe onset of pain in tHeg orgluteal muscles with exertion which
resolves with a few minutes of reft,2), is a sentinel symptom of PAD and, in most
cases, indicative of disease seve(®y. The prevalence and effects of claudication on
walking performance vary within this population even for patients with similar clinical
profiles (3). Given that the primary goal of conservative clinical management of PAD is
to minimize disease progression and optimize performansamportant clinically to be
able to easilyvaluatehe effects of treatment, including lifgke modification, on
walking performanceWalking performance has beereasured viaelf-report
guestionnaire¢ools or standardized treadmill teq%-14). However,many cliniciangnay
not use standardi zed meas edtivwsespansedtotherrl v s ol
guestioningpersonal communication , 2010, ZetdaBrown) Thus it is difficult to
guantify, monitor and accurately assess performance across the continuum of this chronic
condition.

Single stage and graded treadmill tests Hmeen usedvithin PAD patientgo
determine onset of pain and maximum distance walked as measurements of walking
ability (5). While these tests may provide insight into the severity of claudication, they

are not fasibleto conducin mostclinical setting. TheWalking Impairment
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Questionnaire(15), is a fourteen item tooljesigned to evaluate walking performance
(10). Results fronprevious studiethat have employed th&1Q as compared to
treadmill testingas a measure of walking performancelanged by small sample sizes
(e.g.: 26 patientg12)), inclusion ofhomongeneous groups pétients with intermittent
claudication(11-13,16)or focus solely orchanges in walking performance following
treatment(11). These studiesmay nd have adequately addresgbddiversenature of
the PAD population and the wide range of observed symp(d@®43) Resultsare
therefore nogenealizable to the larger PAD populatioifhe only study to investigate
the validity of the WIQ in aiversepopulation did so by comparing the results to the 4
metrewalking velocity and éninute walking score, not a graded treadmill t€kQ).
Thevalidity of the WIQ as alinical tool therefore remains in questiomhe
primary aim of this studwasto determine valid cubff points for identifying patients
with low and high walking abilityas indicated by the W@. Categorization of high and
|l ow perfor mer s, in combination with knowl e
all ow clinicians to more effectively presc

monitor progress and make changepdbent nanagemends needed

4.2 Methods

4.2.1Participant identification and selection

Ourresearcpr ot ocol and consent forms were ap
University Health SciensResearch EthicBoard All consecutive PAD patients seen in
the vascular clinic at Kirggon General Hospital betwebtay 2010 andMay 2011, who
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met the inclusion criteria were identified by tattendingvascular surgeonsrlhe
identified patients were telephoned, consented and invited to return to the hospital for a
study visit The studydesign was crossectional and based upon the baseline component

of an ongoing cohort study.

4.2 .2Inclusion and exclusion criteria.

Patients were included if they hadesting AnkleBrachial IndexABI) of 0.90or
less(clinical definition of PAD) (2). Participants were excluded if they h@j severe
ischemia requiring interventioflh) comorbid conditions that limited walkirfgngina,
congestive heart failure, chronic obstructive pulmonary disease or severe artbyitis),
wheel chair, cane or walker requiremdd) nonrcompressible arteries preventing use of
the Ankle Brachial Index, and/¢e) severe cognitive impairmenthe exclusion criteria
were selected to ensure that thetipgpantwas able to walk safely antreadmil) andto
ensurehat claudication due to PAD was the limiting factor for walking performance

4.2.3Treadmill test

The treadmill test used in this study was similar to protdoditsved in previous
PAD studies(17,18)and consisted of a progressive, graded treadmill pro{ooaktant
speed at 2 mph after initial increase, 0% grade initially with 2% increases in grade every
two minutes after the initial speed increase to a maximum of t6f@ucted until
maximal claudication pain was reached or to a maximum duration of 30 m{abteg 1
mile). Participants were asked to identify the time and distance of absolute claudication

(ACD: start of test to maximal pain, end of treadmill te&t{CD was used to quantify the
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severity of claudicationTo allow participants to familiarize themselves with the
treadmill the initial speed was set to 1.1mph and increased by@hlevery 10 seconds
for the first 90 seconds until the maximum speed wiph was reached Participants
were excluded from the analysis if they failed to complete the treadmill test tq(ifeCD
the treadmill wastoped for reasamother than claudication, e.g.: shortness of breath).
4.2.4 Walking Impairment Questionnaire
TheWaking Impairment Questionnair€l5), contains 14 items and is used to
evaluate limitations due to intermittent claudicatidinree subscale scores are obtained:
distance, speed and stair climbing abilify copy d the questionnaire igsppended Each
guestion wasinswered on paper by the participant who was instructed to select the
answer they felt was most appropriate for thé@rhe administrator provided no other

guidance tdhe participant.

4.2.5Scoring theWalking Impairment Questionnaire

TheWIQ is a fourteen item tool used to evaluate limitation due to intermittent
claudication Total and subscale scor@histance, speed and stairs) are obtairteath
itemisansweredoaL i kert scal e tbdooamt® fof ofiumalm| @i f
weighted based on the difficulty of thetgskg t he wei ght f or Awal k s
whereas for Arun or jogo it is Bbifa full wei
patientds answer for HMamr ofumrd @t 5hek fheoete® twhae
changed to that of A50 feeto since it 1is |
on the presence of stairs in the house and

Subscale scores are determined bydilng the weighted answels/ themaximum
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possible weighted scoend multiplying by 100 Each sore therefore ranges from1®0

with lower scores indicatingwer performance The overalland combinedcores are

calculated as the average of the subscdtee ms coded as ADiIi dnot

or missing were removed from the denominator of the weighted score to calculate a
percent score based on the items that remdireedlimitation, if any, was due only to
intermittent claudication)If more than half of th@&ems in asubscores were coded as
such the subscore was coded as mis$if)g

4.2.6Ankle Brachial Index
ABI was obtained from previous vascular testing, within 6 months of tesfing lower
ofthetwo ABI(r i ght and | eft) was wused as the

4.2.7Anthropometric measurements

Weight and height were measured using a medikto determine the
par t i ci pnaasstindefweigha aver height squaredyVaist circumference was
measuredat the top of the iliac crest using anthropometric tél

4.2.8Self report variables

Diabetic statugyes or no), smoking statgsurrent, former or never) were self
reported Age was defined as age on DecembétZ11L1 and was determined based on
the participarts self reported birthdayNumber of pack years was determined based on
the number of cigarettes smoked daily divided bys2@ndard pack size) multiplied by
the duration of smokinghumber of packs smokedilyamultiplied by the number of

years)
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4.2.9Statistical analysis

The sample wamiitially profiled usingconventional descriptivstatistics
Estimates were obtained fabsolute claudication distances as well as for subscores and
combined scores for th&dking Impairment QuestionnaireParticipants weréhen
divided intothirds bytheir absolute claudication distangew, medium and high)
Comparison oABI between those who participated and those contacted who did not
participate were determinessingtwo-sample independentéss. Receiveroperating
characteristic curves were generated for each subscore, and combined scores for
identifying low and high walking abilitjusing 0.5 score incrementsjhe area under the
curve was calculated using thagezoidal metho(0). The cutoff values were
identified for varying levels of sensitivity and specificfat least 0.8 and at least Q.9)
Positive and egative predictive values for tleait-offs of the score wit the highest area
under the ROC curve f@.9 sensitivity for low performers and 0.9 specificity for high

performers were calculated

4.3 Results

174 of the 438 PAD patients screened were deemed ineligible based on the
exclusion criteria Of the 262 eljible patients, 207 patients were contacted for inclusion
132 patients consented and participated in tesBngarticipants stopped the test prior to
the onset of claudicatiofe.g due to shortness of breath) and an additional one stopped
prior to maimum claudication 123 patients were, therefore, included indhalysis

(Figure 1)



4.3.1Participant characteristics

Table | shows the characteristics of the PAD patients who participated in the study
(n=123) There was no significant difference in AB¥tlween those who participated and
those contacted who did not participateeans 0.58 and 0.60 respectively)

4.3.2Walking Impairment Questionnairéscores

The subscale and overall WIQ scores, categorized according to the ACD tertiles
are shown in Table .lIDue to missing data, sample sizes vary for each of the suhscores
The scores ranged from a 0 to 10lhe ores increasecbnsistently in patient groups
with low to high performance, when categorized according to the ACD obtained via the
graded treadmillest Despite a large standard deviation in scores within each gatup,
comparisons achieved a high level of statistical significaBggnificant differencesvere
observedetween scores for men and women for sggfef.02) but not for any of the
other subscoreshe overall score or the ACDI'here were no significant differences for
any of the scores between those under the age of 60 and those Blhewssociations
between the ACD and WIQ scores, as determined bg thee a r coaelatios
coefficients were alstrong(r>0.5) and statistically significantCoefficients forthe
combined distance and stair score and the overall score were larger than 0.65.

4.3.3ldentifying cut-offs for low walking performance

The area under the curve of tleeeiver opeating characteristiclROC) curve
provides information abotke ability ofa testto identify true positives and true
negatives The closer the area is tothe better the testt distinguishing between patient

groups The area under the curve valdesthe ROC rang#from 0.80 to 0.89 with the
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value for the overall WIQ score providing the highest vélable 1, Figure 3. Based

on this analysis, a WIQ overall score of less than or equal pei38itted identification of

alow performer with a sesitivity of at least 0.8 while maximizing specificith WIQ

overall score of 42.5 increases the sensitivity to at least 0.9 but decreases the specificity to

0.7. Similar cutoff values are shown for 0.8 specificity and 0.9 specificity in Table IIl.

4.3.4ldentifying cut-offs for high walking performance

The area under the curve values for the ROC ihhgeveen 0.73 and 0.81, with
the value for the combined distance and stair climbing ability being the h{lad IV,
Figure 3. A combined distance and stalimbing ability score 068 permitted
identification of a high performance withspecificity of at least 0.8 Choosing a cuoff
of 75.5increases thepecificity to at least 0.9 but decreases shesitivityto 04. Similar
cut-off values are showfor 0.8sensitivityand 0.9sensitivityin Table IV. The area
under the curve values for identifying high walking performamee lower than those

for identifying low walking performance

4.3.5Predictive values

High negative predictive value is observedltw performers (0.94) while it is a
lower for high performers (0.75)n both cases the positive predictive value is lower

(0.62 for identifying low performers, 0.70 for identifying high performers).

4.4 Discussion

The ability to classify PAD patients acetely based on the severity of their

claudication provides information relevant to conservative management of the ¢@ease
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In this study, only two out of eleven claiming to not have claudication did not expeerienc

any and that another two claiming to have claudication did not experience any, indicating

the added importance of a screening objectivelpfart i ent s true cl audi ¢
Treadmill testandthe 6minute walk can be used to assess the severityarmittent

claudication exhibited by a patiertiowever, these tests are not routinely performed in

clinical settings The Walking Impairment QuestionnaifgVlQ) is the most commonly

reported selreport tool thahas been used to evaluate changesinpat i ent 6 s wal k
ability. This questionnaire had not been validated as an assessment tool for determining

the impacbf current intermittent claudication against a treadmill test in a Bixgese

PAD population(10,13) In this study, we determined eatf values for the WIQ for

low and high walking performance; information that could easily be used by clinicians to

make more informed decisions concerning a

The WIQ scores reported in this study are similar to those of previous studies
which ranged from 38 to 55 for distance, 37 to 52 for speed and 48 to 68 for stair
climbing (39.5, 47.6 and 58 respectively in this stud¥p,11,13,16) ACD were also
within the range of previous studi@sean of 182460 m compared to 418 m in this
study) however, these values may not be comparable due to differences in treadmill
protocols(e.g.: constant grade versus graded treadestk) (10,11,13,16)

Regensteineet al. assessed the correlation of the WIQ scores to @ h a
sample of 26 patients: distance and speed scores correlated moderately and significantly
with the ACD(r = 0.58, P < 0.05 and r = 0.67, P < 0.05 respecti&B) Another study

of 48 patients with itermittent claudication found significant and moderate correlation

48



between the distanseores and the AC[5 p e a r mrkmdrslations 0.41, P < 0.05)
(16). Another study with 130 patients with intermittent claadicn, using a Dutch
version of the questionnajneeported similar correlations: distance, speed and stair
climbing scores as well as the overall score were moderately correlated with the ACD
(0.45, 0.43, 0.37, 0.52 respectively, all P < 0(@B). All scores were significantly
correlated to the absolute claudication distgA¢eD). Our datasuggestshat the overall
WIQ score hd the strongest association with the AGBllowed closely by distance and
the three cobined scoregall r valuesbetween 0.63 and 0.68Torrelation values in this
study were similar to those of previastsidies (12,13,16) Results from our study
support the WIQ as a useful measurement of walking ability at a specific point in time in
a diverse group of PAD patients

4.4 1ldentification of high and low performers

Based on the area under the curve of the ROC, the overall score seems to be the
most appropate score for identifyingpw performers while the combined distance and
stair score is the most appropriate for identifying high perform&he 95% confidence
intervals of thearea under the curve of the R(@r all scores, for identifying low and
high performers overlap indicating that there may not be a significant difference between
the accuracy of a particular score or combination of scdrles accurate identification of
|l ow performers is Iimportant as t lessisgelt pati e
is therefore important to have low false negativeRis translates into a test for
identifying low performers with high sensitivityn our study, to obtain a sensitivity of at

least 0.8 or at least 0.9 the @it valuesfor the overall sce were 39specificity= 0.77)
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and 42.Hspecificity= 0.73) respectively Thus,with a score of 42.3¢ss than 10 % of
low performers would not hawen overallscore of 42.5 or less and less than 30% of non
low performers would have scores of 42.5essl.

High performers may not require further invasive or different interventions as
their current conservative management and lifegtyde exercise) is adequate
Therefore, it is important to have a test with high specificity for identifying high
performers with low false positivas ensure that nehigh performers are identified and
receive the intervention they neetlo obtain a specificity of at least 0.8 or at least 0.9 the
cut-off values for the combined distance atairsscorewere58 (sensitvity = 0.6) and
75.5(sensitivity = 0.4) respectivelyLess than 10% of nelmigh performers wuld havea
combined distance and stair scores of 75mare;however 59% of high performers
would be identified as being ndngh performers with that sametenff.

The cutoff value for identifying low performers has both high sensitivity and
specificity (0.9 and 0.7)It also has a very high negative predictive value (0.94) but a
lower positive predictive value (0.6) indicating that this score is very gbmtntifying
low performers in this population but may result in the overtreatment of patients who are
misclassified as lowThe cutoff value for identifying high performers has high
specificity (0.9) but low sensitivity (0.4)n this population it ha high positive predictive
value and high negative predictive value (0.70 and 0.75) indicating that, despite a low
specificity, the cutoff may be effective at differentiating between high performers and

hon-high performers.
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4.4.2Strengths andlimitations

The sgcific strengths of this study are as follows: validation testing in a large,
clinically diverse patient sample reflective of the typical PAD population; comparison of
the WIQ with a graded treadmill test; analysis of varied score combinations for the WIQ
and detailed ROCurveanalysis to determine potentially, clinically useful-offtvalues
which has not previously been doriEhere are limitations howeveOne limitation of
the study comes from the questionnaire design it€xer twenty participastanswered
that they perceived higher level of difficulty walking around their home than walking 50
feet Participants commented thatlome walking ability included stair climbing and
this was more difficult than walking on level ground as the questiates Adjusting for
this was, therefore, done as described in the methidds does, however, highlight a
problem with the questionnaire layout which may need to be addressed by comparing
other presentations in the future or through continuing tdifpmthe answers in the
scoringas done here.

The population studied, whiledaversepopulation of PAD patient§rom severe
impairment: ACD less than Orfilesto no claudication), is limited to individuals able to
safely participate in a treadmill temtd whose walking is limited by claudication and not
other factors This means that the generalizability of these results is restricted to this
group This may also be a strength of the study as it is generalizable to a group who
could participate in agxercise intervention designed to alleviate symptoms and promote
performance A large number of patients either refused or were unable to participate
is likely that those who refused were more compromised as they did not wish to
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participate in a tredmill test However, we were able to recruit patients with a wide
range of walking ability: ACD less than 0.1 tarille and a large number of patients with
lower ability (right skew) so this may not be a limitatiand there was no significant
differencein ABI between those who participated ghdsecontacted who did not
participate The high number gbatients unwilling to participate in a treadmill test or
unable to attend a test dalees highlight the importance of a valid questionnaire with
establshedcut-off pointswhich could baused in future studies tncrease participation

rate

4.4.3Conclusions and future directions

Our results indicate that the WI§as an acceptable level of sensitivity and
specificityfor theassessient ofwalking ability in adiversepopulation of patients able to
safely participate in a treadmill tedPotential at-offs have been identified for
determining whether a patient has low or high walking abilltgese cubffs combined
with other patient characteristics shobklone component of a clinical decision rule, to
guide patient managemerithe WIQ could also be used in large epidemiological studies
to identify low and high walking abilityFurther research could consider development
and validation of revised and sharversions of the WIQ in similar patient populations
As well, a cohort or longitudinal study of patients with the recommended cutoffs could be

conducted to assess the prognostic potential of the WIQ
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Figurel. Participant flow
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Table I: Baseline characteristicof participants categorized by walking performance

Characteristics Total

N 123
Age (years)i mean(SD) 66.5(9.4)
Male sexi % 70.7
ABI - mean(SD) 0.6(0.2)
BMI (kg/m?) - mean(SD) 28.0(5.6)
Waist circumferepe (inches) mean(SD)  38.6(5.0)
Current smoker % 31.4
Former smoker % 65.3
Never smoked % 3.3
Pack year$ mean(SD) 23.8(14.3)
Diabetes % 22.8

SD: Standard deviation, ABI: Ankle Brachial Index, BMI: Body Mass Index
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Table II: Absolute claudication distance and WIQ scores categorized by walking performance

n Low Medium High Total P
Mean SD Mean SD Mean SD Mean SD
Absolute claudication distan¢miles) 123 0.06 0.02 0.18 0.05 0.53 0.26 0.26 0.25 <0.0001*
WIQ i Distance 119 18.3 194 38.4 25.3 59.7 27.8 39.5 30.2 <0.0001*
WIQ T Speed 119 27.9 20.6 499 25.8 61.3 24.9 47.6 28.0 <0.000A
WIQ'T Stair 109 375 21.3 61.4 26.9 73.8 23.0 58.0 27.8 <0.000A
WIQ - Distance and speed 115 23.2 19.2 44.6 22.0 60.1 23.7 39.5 30.2 <0.0001*
WIQ'i Overall 102 26.9 13.8 52.0 21.2 65.0 20.6 47.6 28.0 <0.0001*

ACD: Absolute claudication distance, SD: Standard deviation
Low, Medium, Highcategoriesre based on thirds of the population divided by tertiles of ACD

P-value: ANOVA test

*. significant dfference between all groups usiBgnferronimethod

A significant difference between all grougsceptmedium and higlisingBonferronimethod
Note Sample sizes vary for each subscore based on the number who had fewer than half missing valueb$ootieatifany of
the subscores were missing the overall score was coded as missing
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Table Ill: Cut-offs for the WIQ subscores and combined scores for various sensitivity and specificities as well as the area
under the curve of the ROC for identifyingthose in the low walking performance group

0.8 sensitivity
Cutoff Specificity Cutoff Specificity Cutoff

0.9 sensitivity

0.8 specificity

0.9 specificity
Sensitivity Cutoff Sensitivity

Area under the curve of
the ROC (95% ClI)

Distance 28.5
Speed 39.5
Stair 54.5

Distance and speec 33.5
Distanceand stair 39.0
Speed and stair 44.0
Overall 39.0

0.73
0.66
0.65
0.73
0.76
0.79
0.77

38.5
58.0
67.0
44.5
47.0
50.0
42.5

0.57
0.39
0.47
0.57
0.69
0.69
0.73

25.0
35.5
41.5
30.5
36.0
42.5
35.0

0.73
0.66
0.47
0.74
0.76
0.74
0.72

155
24.5
29.0
27.0
28.5
32.5
32.5

0.62
0.50
0.33
0.69
0.48
0.53
0.66

0.83(0.750.91)
0.81(0.720.90)
0.81 (0.730.89)
0.85(0.77-0.93)
0.86(0.79:0.93)
0.88(0.81-:0.94)
0.89(0.82:0.95)

ROC:Receiver operating characteristics

Cl: Corfidence Interval

The shaded score has the higlast under the curve of the ROC
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Figure 2: Sample ROC curve for identifying low performers: ROC curve for the overall
score on the WIQ
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Table IV: Cut-offs for the Walking Impairment Questionnairesubscores and combined scores for various sensitivity and
specificities as well as the area under the curve of the ROC for identifying those in the high walking ability group

0.8 sensitivity

0.9 sensitivity

0.8 specificity

0.9 specificity

Area under the curve d the

Cutoff Specificity Cutoff Specificity Cutoff Sensitivity Cutoff Sensitivity ROC
Distance 30.5 0.63 19.0 0.42 44.0 0.66 62.0 0.45 0.80(0.720.89)
Speed 39.0 0.55 315 0.44 57.5 0.49 83.0 0.26 0.74 (0.650.83)
Stair 54.0 0.51 41.5 0.36 67.0 0.60 87.5 0.23 0.76 (0.660.85)
Distance and spee(t 36.0 0.63 28.0 0.44 53.0 0.50 64.0 0.47 0.78(0.700.87)
Distance and stair 47.0 0.68 38.0 0.56 58.0 0.62 75.5 0.41 0.81(0.730.90)
Speed and stair 48.0 0.61 36.0 0.38 64.0 0.57 75.0 0.46 0.78(0.690.88
overall 44.0 0.67 34.0 0.47 61.0 0.53 69.5 0.47 0.80(0.720.89)

ROC:Receiver operating characteristics

Cl: Confidence Interval

The shaded score has the highest area under the curve of the ROC
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Figure 3: Sample ROC curve for identifying high performes: ROC curve for the combined
stair and distance subscores on the WIQ
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Appendix: The Walking Impairment Questionnairevith weights

For the following questions, the response options range from ‘No Difficulty’ to ‘Unable to Do.” If you
cannot physically perform a specified activity, for example walk 2 blocks without stopping to rest
because of symptoms such as leg pain or discomfort, please place a ¥ in the box labeled ‘Unable to Do.’

However, if you do not perform an activity for reasons unrelated to your circulation problems, such as
climbing a flight of stairs because your home is one level or your apartment has an elevator, please
place a Y in the box labeled ‘Don’t Do For Other Reasons.’

1 Please place a\ in the box that best describes how hard it was for you to walk on level ground without
stopping to rest for each of the following distances during the last week:

During the last week, how No Slight Some  Much Unable Didn’t Do .
difficalt was it for you to: Difficulty Difficulty Difficulty Difficulty toDo for Other W eight
Reasons
a. Walk indoors, suchasaround [ a a Q Q Q
20
your home? 4 3 2 1 0
b Walk 50 feet? Q Q Q Q Q Q 50
4 3 2 1 0
c. Walk 150 feet? (1/2 block)? Q Q Q Qa Q Q 150
4 3 2 1 0
d. Walk 300 feet? (1 block)? Q Q Q Q Q Q 300
4 3 2 1 0
e. Walk 600 feet? (2 blocks)? Q Q Q Q Q Q 600
4 3 2 1 0
f. Walk 900 feet? (3 blocks)? Q Q Q Q Q Q 900
4 3 2 1 0
g Walk 1500 feet? (5 blocks)? (O Q Q Q aQ Q 1500
4 3 2 1 0
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o Please place a V'in the box that best describes how hard it was for you to walk one city block on level
ground at each of these speeds without stopping to rest during the last week. Please note I block is
roughly equivalent to 300 feet.

No Slight  Some Much Umable Didn’t Do

i;;';i f:;g f'::jb ':f-';:; f;w Diffclty Dificalty Dificalty Difficaty to Do _fo Other Weight
a. Walk 1 block slowly? Q a a Q Q Q 15
4 3 2 1 0
b. Walk 1 block at average speed?  [J Q Q a a o 5
4 3 p 1 0
c. Walk 1 block quickly? a a a a Q a 3
4 3 P 1 0
d. Run or jog 1 block? a a Q Q Q | 5
4 3 2 1 0

3 Please place a Y in the box that best describes how hard it was for you to climb stairs without stopping to
rest during the last week. Please note 1 flight of stairs is roughly equal to 14 steps.

. No Slight Some  Much Umable Didn’t Do .
During the last week, how Difficulty Difficulty Difficulty Difficalty to Do for Other 'V eight

difficult was it for you to: Reasons
a. Climb 1 flight of stairs? Q 0 = a Q o 1
4 3 2 1 0
b. Climb 2 flights of stairs? a a Q a a a 5
4 3 y 1 0
¢. Climb 3 flights of stairs? (m] Q Q = G Q 3
4 3 2 1 0




Chapter 5

Additional results
This chapter provides additiorfaidings pertaining téhe Walking Impairment
Questionnaireand the treadmill testThese results we not included in the manuscript

The analysewerecompleted to address the stated thesis objectives.

5.1 Objective 1: Further analysis of WIQ validity

Univariate statistics for the WIQ subscores are shown in Table 1

A significant difference between sesrfor men and women was observed for the
speed and combined speed and distance scores but not for any of the other subscores or
the overall scoréTable2). No significant difference was observed for any of the scores
between those under the age of 60 Hiose abov€lable2). The mearscores in men
and older persorare, howevergonsistently higher thafior females and younger persons
respectivelyjrrespective of significance

S p e a r ooaalatios coefficientare shown in Tabl8. For the entie sample
all correlation coefficients were larger than 0.5 and both the combined distance and stair
score and the overall score were larger than. 0Fe% males alone, all correlation
coefficients were larger than 0.65 except for the speed gcor@.58. Correlation
coefficients were significant for all subscores, combined scores and overall score relative
to the absolute claudication distance, except for female stair climbing .akibtyelation

coefficients were higher for males than females fos@res except speed

5.2 Objective 3: Further analysis to support clinical utility

132 individuals participated in this study, however, 8 participants stopped the test

prior to the onset of claudicatiga.g due to shortness of breath) and an additional
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stopped prior to maximum claudicatiomherefore the sample size for ICD is 124 and for
ACD is 123 Only 102(83% of those who reached AQDf the participants identified
their time of functional claudicatigithat is tke time at which they woulgrefer to stop
Means for ICD, FCD and ACD are significantly different between all gr¢B6.001)
(Figure 1) Eleven patients claimed not to have claudicasiotording to the vascular
surgeons Of these only one did not experience claudication duriadgreradmill test
Two patients claiming to have intermittent claudication did not experience claudication
during the treadmill test.

To describe the walking performangeup differences we determined the ratio of
ACD to FCD, ACD to ICD and FCD to ICDThe ratio of ACD to FCD is 1. both the
low and medium group@ot significantly differenbetween grougshoweverthe ratioof
ACD to FCDis significantly different for the high group at 1.7 tin{@able4). The ratio
of FCD to ICD isl.8, 2.3 and 3.@espectively for the low, medium and high groups yet
only the Low and High groups are significantly differemheratio of ACDto ICDIis
2.2, 3.1 and 4.6 respectively for the low, medium and high groups yet only the Low and
High groups are significantlgifferent In all cases the mean ratio is significantly
different from 1

Sensitivity, specificity as well as positive and negative predictive values are shown
along with two by two tables for the two cutoffs identified in the manuscript (Tadble 5
andb). High negative predictive value is observed for low performers (0.94) while it is a
lower for high performers (0.75)n both cases the positive predictive value is lower

(0.62 foridentifying low performers0.70 foridentifying high performer$.



Table 1: Scores of th&Valking Impairment Questionnaire

n mean SD min  max median
Distance 119 395 30.2 09 100.0 31.8
Speed 119 476 28.0 0.0 100.0 435
Stair 109 58.0 278 4.2 100.0 58.3
Distance and speec 115 44.0 27.0 15 100.0 38.8
overall 102 48.8 247 55 100.0 455

SD: Standard deviation
Note Sample sizes vary for each subscore based on the number who had fewer than half missing values for thatlfabgaoires
the subscores were missing the overall score was coded as missing
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Table 2 Scores of thewWalking Impairment Questionnairdy sex and age groups

n Sex Age
Female Male <60yrs >=60
Mean SD Mean SD P Mean SD Mean SD P
Distance 119 34.8 315 41.1 29.7 0.31 31.6 26.4 41.7 30.9 0.13
Speed 119 37.6 27.8 51.3 27.2 0.02 39.1 22.6 49.8 28.9 0.10
Stair 109 56.4 27.3 58.5 28.1 0.73 510 275 59.9 27.7 0.17
Distance and speec 115 36.1 28.5 46.7 26.0 0.06 35.5 230 46.2 27.6 0.08
overall 102 43.1 23.3 50.5 250 0.20 40.5 235 51.2 24.7 0.07

SD: Standard deviation
P-value: independenttest
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Table3: S p e a r iRarrelat®mn Coefficients of the scores of th&Valking
Impairment Questionnairegelative to the absoluteclaudication distance for males,
females and the whole population

Male Female All

Distance 0.68 0.57 0.64
<.0001 0.001 <.0001
84 30 114

Speed 0.58 0.61 0.56
<.0001 0.0003 <.0001
83 31 114

Stair 0.66 0.15 0.53

<.0001 0.47 <.0001
77 27 104

0.68 0.59 0.63
<.0001 0.0009 <.0001
81 29 110

Distance and Spee(

0.72 0.46 0.66
<.0001 0.02 <.0001
76 24 100

Distanceand Stair

0.69 0.54 0.64
<.0001 0.006 <.0001
76 25 101

Speed and Stair

0.72 0.62 0.68
<.0001 0.002 <.0001
75 23 98

Overall
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Figure 1: Treadmill test distancescategorized by walkng performance
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Low, Medium, High are based on thirds of the population divided by tertiles of ACD
Error bars represent the standard deviations.

Sample size for ICD is 124, for FCD is 102 and for ACD is 123.

P-value: ANOVA test(all P<0.0001)

t-test: mans for ICD, FCD and ACD are significantly different between all groups
(P<0.001)



Table 4: Distance ratios for the treadmill test.

Low Medium High Total ANOVA Bonferroni method:
Mean SD Mean SD Mean SD Mean SD P significantly different groups
FCDACD 1.8 0.6 26 2.3 3.0 2.0 24 1.8 0.04 Low-high
ACD/FCD 1.2 0.2 1.2 0.3 1.7 1.2 1.4 0.7 0.006 Low-high, mediumhigh
ACD/ICD 2.2 0.8 3.1 2.6 46 3.9 3.3 2.9 0.0007 Low-high

t-test mean=1: all P<0.005
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Table 5: Sample two by two tables for identifyingdw and high walking ability using
the walking impairment questionnaire compaired to the treadmill test.

Table5.a uses a cutoff of 42\WIQ overall score to identify low performers.
Table5.b uses a cutoff of 75WI1Q combined distance and stair scoredentify high

performers
5.a) Treadmill
Low Not Total
Low
Low 29 18 47
Not
Wi
Q Low | 3 48 | 51
Total | 32 66 98

Sensitivity: 0.91 (0.841.00)
Specificity: 0.73 (0.62.83)
Positive predictive value: 0.62 (0-4876)
Negative predictive value: 0.94 (0-880)
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5.b) Treadmill

Not
High

High Total

High| 14 | 6 | 20

Not
WI
Q High 20 60 80

Total | 34 66 100

Sensitivity: 0.41 (0.2%.58)

Specificity: 0.91 (0.84.98)

Positive predictive value: 0040.50-0.90)
Negative predictive value: (670.660.84)



Chapter 6

Discussion
Many of the results presented in this thesis are discussed in Chéier 4
manuscript) This chapterthereforewill summarize and synthesize the key findings

from both Chapters 4 and 5.

6.1 Summary of study

We conducted a csssectional study 032 consecutive PAD patients from the
vascular clinic at Kingston General Hospital the 13 months ending May 2Q1lie
actual sample size for each measure varigs:124, n:=102, n,=123) All patients
(new and existing) who et the clinical inclusion criteria were approached for study
inclusion Walking performance was assessed withwraking Impairment
Questionnairgsurrogate measure) and a standardized graded treadmillj€gbld
standard measure).

The overall goal of this research wasdetermine the validity of thé/alking
Impairment Questionnairas a tool to identify high and low walking ability in patients
with PAD. Our specific objectives were:

(A) To determine the cetrion validity of the WIQ

(B) To determine cubff scores for the WIQ to identify patients with low or high

walking ability

(C) To provide suggestions for clinical use of the WIQ
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6.2 WIQ: apotentially useful clinical tool

The main finding of this studgithat we were able to identify eoff values for
the WIQ to permit the validlassification of patients based amold standard measure of
their walking performanceOur findings suggest that patients who score 42.5 or less
overallon the WIQbe clasdied as6 | walking performer8and 75.5 or more on the
combined distance and stair scbexlassified aghigh walking performe® Based on
our methodologythese cutoff scores have high sensitivity for identifying low performers
and high specificityor identifying high performers.

Low walking performers may require more treatment than othedsmay require
it more immediately Lack of treatmentould lead to the worsening of their symptoms
and PADmore rapidly than otherdt is therefore importarto have low false negatives
This translates into a test for identifying low performers with high sensititdtgh
performers may not require further intervention since it is likely that an intervention will
have less of an effect on these individuald continuingurrent treatment reginraay
be adequateFor & hi gh wa litksimpagrtanpte la¥edow falserpssiives so
that those requiring intervention receivétite true negatives)For this reasort is
important that the test foreatifying high performers has a high specificity

The cutoff value fordentifying low performers has both high sensitivity and
specificity (0.9 and 0.7)It also has a very high negative predictive value (&
lower positive predictive value (6) indicating that this score is very good at identifying
low performers in this population but may result in the overtreatment of patients who are
misclassified as lowThe cutoff value for identifying high performers has high

specificity (0.9) but low ensitivity (0.4) In this population it has high positive predictive



value and high negative predictive value (0.70 and 0.75) indicatingltsgtite a low
specificity, the cutoff may be effective at differentiating between high performers and
hon-high performers.

The WIQ items all seem to be valid indicators of walking ability: correlations
between ACD and WIQ scores ateong andsignificant As discussed in the manuscript
the correlation values observed in this study fall within the range obserpeslious
work on the WIQ and the AC¥2-4) reinforcing the criterion validity of the
guestionnaire established in previous stud{@ar correlation values are on thpper end
of thepublishedrange Higher correlation in this study could be explained by differences
between versions of the questionnaifaother factor which may have led to higher
correlation for answers relating to distance is that the treadsstilvies performed prior
to the administration of the WI@hich may have provided participants with a more
accurate perception of their ability directly prior to answering the questionfidiie
does not account for the higher correlation of speed arcétabing ability scores as the
treadmill test would not provide them with information concerning thismay, however,
be interesting to randomly allocate patients to questionnaire administration before or after
treadmill test and compare correlatiogtween these two groups in future studies

Despite the high correlations between the WIQ scores and the ACD, there are some
limitations to the questionnaird here was a large proporti¢®2.7%) of individuals who
had missing overall score3his is de to the number who had missing subscores in any
of the categories due to either too many
ot her .itisanslegrabthis timewhy such a large proportion failed to fill out the
guestionnaire adequay to obtain an overall scqreut it could be due tpatient

misunderstandirgof the questions and failure to answer theith comprehensianFor
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example, a few patients believed they only had to answer one item per subsection and

simply indicated thé&em at which theypegan to have difficultye.g no answer for 1 or

2 flights but A mu c hnadditidnfas desclibedyindthe manouscript, f | i ¢
over twenty participants answered a higher level of difficulty walking around their home

than walking 50 feet This was likely due to the participants considering the stairs in their

house when determining their level of difficultyhe questionnaire does state that

walking is on level ground/et some participants failed to take this into coesation

The high number of missing overall scores and the high number who inappropriately
answered the #home distance item suggesteed to review the layout of the

guestionnaireand possibly reword some of the items or corgtitouadjust for

misinterpretation of the ihome item in the scoring

There were no significant differences between scores for males and females on
any of the scores except those for speed and for speed and distance coMbaed
scores are consistently higher for malestfemales and absence of significance may be
due to lack of power to do this comparisdn addition,correlation coefficients are
higher for males than females for all scores except speed and are all significant for males
while stair climbing ability ishot for females This would indicate that stair climbing
ability score in women is not correlated with walkiperformance as it is in meifhese
differences may indicate the need to determine differendftsifor males and females
for the questionnagé inastudy with a larger sample sizelowever, differences in
correlation may also simply be due to the sample being only about 30% female and

therefore may not be accurate representation of the correlation in this group



ACD was not significantly dierent between males and females indicating that
differences picked up by the WIQ may be linked to perception of walking ability rather
than actual ability While the cutoffs identified here are effective at identifying those
with high and low walking abty it would be interesting to determine, in future studies,
whether the same cutoffs hold for both sexes or whether different cutoffs with higher

sensitivity/specificity can be identified for each group.

6.3 Treadmill test results

Theclinical importance oknowing a patierds walking ability has been
previously outlined in this thesidn this study, aly two out of eleven claiming to not
have claudication did not experience any and that antioeziaiming to have
claudication did not experience any, icating theaddedmportance of &creening

objectively forp a t 1 e nctawdidatidn status

In addition to the information stated previoyskysults from this study outline an
additional point Not only are the mean ACD, ICD and FCD significanilyedent
between the low, medium and high grodipereasing from low to highjut the mean
ratios(ACD/FCD, ACD/ICD and FCD/ICD) are also significantly different between
groups(some only between low and highj addition, mean distance ratios increase
from low to medium to high performe¢save for ACD/FCD between low and medium)
For example, the ACD to ICD ratio in the low group was 2.2 while in the high group it
was 4.6 This may suggest that moving from the low to the high group not only increases
the distance to onset of pain but improves the ability to walk following the onset of pain
and relative to the onset of paifhese resultiighlight the importance of helping a

patientto improve their walking performance and how much of an effect pssgn
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between groupsould have Furthermore, while the ACD to FCD ratio are significantly
different from 1 in all groups, the ratio remains small in the low and medium groups
(ACD on average 1.2 times FCD) but is larger in the high g¢buf) indicatirg an

increased abilityn the high group to push oself past wherenewould usually stop and
may indicate a higher pain tolerancehis group One patient described his pain during
the test as increasing until he reached a certain point and theaiit toedecreaseHe
identified both an ICD and an FCD but walked the full thirty minutes never reaching
ACD. This anecdote may indicate a difference in some of the patients in the high group
This study does not allow us to determine what the differsnioet shows the need to

continue to study these patients to fully understand PAD and its associated symptoms

6.4 Strengths and Limitations

The sample used in this study wadiversesample of PAD patients able to safely
participate in a treadmill tesABIs ranged from 0 to 0.9 with a mean of 0.6 showing the
full range of occlusion Additionally, patients had full ranges of scores for the \{0Q
100)and ACD ranged from 0.08ilesto close to a mile indicating a full range of

symptomgsevere claudicain to apparent absence of claudication)

To our knowledggprevious studies have looked only at individual subscores and
the overall scoreral have neglected to consiagher combinations of subscoré¢2-6).
Had we not used new combinations of scores, it is likely that the distance score alone
would have been selected to identify high performers and the test would hdeevbad
area under the curve of the ROThe 95% confidence intervals of taeea under the
curve of the ROCfor all scores, for identifying low and high performers overlap

indicating that there may not be a significant difference between the accueacy of
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particular score or combination of scar@dis indicates that the combined scores should
continue to be investigated as they may be useful in the identification of high and low
performers but that additional studies with larger sample sizes shouiddhectedo
confirm this finding.

As described previous|ywo limitations of this study are the lack of emphasis on
the flat ground aspect for the distance questions and the possible issue of high number of
refusals to participateThe former was dealtith in the analysis stage and may suggest
that the layout of the questionnaire needs to be revisitkd latterllustrates one aspect
of the difficulty with a treadmill tesin this population A valid tool to evaluate walking

ability and reduce the picipation refusal rate is, therefore, important

6.5 Implications

Our results indicate that the WIfas sufficient validity to assist in the assessment
of walking ability in adiversepopulation of patients able to safely participate in a
treadmill test Previous studies have also determined that the WIQ can identify changes
in walking ability (3,6). This suggests therefore that the WIQ is a clinicalsfuistool to
identify patient®walking abilities at a specific point in timdt maybe used as one part
of a tool tohelp clinicians taletermine a course teatment based on this ability, and
thenmonitor the patient and determine the effectiveness of treatment

Cutoffs have been idéfied for determining whether a patient has low or high
walking ability. Based on this research we would suggest 42.5 or less overall score to
identify patients witHow walking ability and 75.5 or more combined distance and stair

score identify patientwith high walking ability These cubffs, combined with other
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patient characteristicshould assist clinicians in selecting the most appropriate course of
treatment for each PAD patient

The WIQ could also be used in large epidemiological studietetaify low and
high walkingperformance The WIQ is a short questionnaire, easily filled out and easily
scored while treadmill tests are more expensive, more time consuming and likely
contribute to higher rates of refusals to participaising the WIQinstead of treadmill
testsmay makdarge epidemiological studies of PAD patients more feasinieé could

therefore provide increased insight into this population.

6.6 Future research

6.6.1Modified tool

Further research could consider development and validati@vised and shorter
versions of the WIQ in similar patient populatior example the speed subscore could
be dropped ibne isonly interested in determining whether an individual is a high
performer or nat Revised layouts could also be investigetie reduce the number of

missing subscores and overall scores

6.6.2Validation of cut-off values

It may be worthwhile to differentiate between males and females, in future
studies, to determine whether the sameofist hold for both sexesince correlatio

between scores and ACD and the scores themselves appear to differ between them.



As well, a cohort or longitudinal study of patients with the recommended cutoffs could be
conducted to assess the prognostic potential of the WH@se studies could helgttv

clinical decision rule development.

6.6.3Interventional research

Interventional studies are currently beginning as part of the greater PAD project to
determine the effect @n exercise interventioon walking performanceThe WIQ, as a
tool which canevalate both ability at a specific point in time and changes in ability, is
well suited for interventional studie®articipants could easily fill out the questionnaire

at regular intervals without having to come in for a lengthy treadmill test

6.7 Conclusion

The specific objectives of this studieremet:
(A) Our results indicate that the WIqas test properties consistent with high valitaty
assessing walking ability indiversepopulation of patients able to safely participate in a

treadmill test at apecific point in time.

(B) We would suggest a 42.5 or less overall score to identify patienttowitialking
ability and a 75.5 or more combined distance and stair score to identify patients with high

walking ability.

(C) We suggest using the WIQ ieatd of a treadmill test when a treadmill test is not

feasi ble to identify a patientds. wal king a

In addition to these specific objectives our study suggests that there may be
important differences between sexes #rad additional research should be conducted to

determine whether the cutoffs found here hold for both males and feanaesross age
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groups We also highlight some problems with the questionnaire and therefore suggest
the importance of revisiting itayout to reduce the number of missing subscores and

error in the distance subscore.
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