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Abstract—This study tested the psychometric properties of
the Walking Impairment Questionnaire (WIQ) in overweight
patients with osteoarthritis (OA) of the knee. Internal consis-
tency, test-retest reliability, and concurrent validity of the WIQ
were measured. Used in a randomized clinical trial, the WIQ
was one of the instruments completed by overweight adults
with OA of the knee. A total of 105 patients completed the
WIQ. Internal consistency of the WIQ was supported in this
population with a Cronbach alpha total score of 0.97. Test-
retest reliability scores were not different when subjects com-
pleted the WIQ 14 days apart (p > 0.05). The relationships
were moderate between the WIQ subscales and other estab-
lished measures, such as the 6-minute walk distance, stair
climb and descend, and the Western Ontario and McMaster
Universities (OA Index) questionnaire. After evaluating the
psychometric properties of the WIQ, we found that it is a valid
and reliable instrument to use in overweight patients with
symptomatic OA of the knee.

Clinical Trial Registration: ClinicalTrials.gov; Home-Based
Exercise and Nutrition Program for Pain Control in Over-
weight Elderly Osteoarthritics, NCT00126737;
<http://www.clinicaltrials.gov>.

Key words: body mass index, difficulty walking, exercise, meas-
urement, osteoarthritis, osteoarthritis knee, overweight, question-
naires, rehabilitation, reliability, validity, walking.

INTRODUCTION

Osteoarthritis (OA) is the most common chronic dis-
ease in the United States. OA is second only to heart dis-
ease as a cause of activity limitation in adults aged 65 and
older; 75 million persons in the United States experience
joint and muscle pain, and the knee joints are most com-
monly affected [1]. Approximately 40 percent of individ-
uals aged 60 and over have OA of the knee [2], resulting
in weakened muscles of the involved joints, increased
weight, decreased aerobic capacity, and reduced toler-
ance for activities of daily living, including walking.

Walking ability is impaired in patients with OA of
the knee because of pain and stiffness in the joint [3–5],
instability in the joint, and weak quadriceps muscles [6].

Abbreviations: ARA = American Rheumatism Association,
BMI = body mass index, CI = confidence interval, ICC = intra-
class correlation coefficient, OA = osteoarthritis, PAD = periph-
eral artery disease, SD = standard deviation, VA = Department
of Veterans Affairs, WIQ = Walking Impairment Questionnaire,
WOMAC = Western Ontario and McMaster Universities (OA
Index).
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The 6-minute walk distance recorded in patients with OA
of the knee (400–440 m) [3–5] is similar to patients with
chronic heart failure (445 m) [7] and chronic obstructive
pulmonary disease (371 m) [8] and less than healthy eld-
erly patients (524 m) [9]. To date, researchers have focused
on measuring difficulty with physical function, including
walking, in patients with OA of the knee using the Western
Ontario and McMaster Universities (WOMAC) OA Index
questionnaire [4] and the Functional Performance Inven-
tory [10]. Since more factors than simply walking influ-
ence physical function, the relationship between self-
reported physical function and performance measures,
such as the 6-minute walk, is low [4]. This population has a
need for a valid and reliable instrument to specifically
measure walking ability.

In patients with peripheral artery disease (PAD), the
Walking Impairment Questionnaire (WIQ) was designed
to measure their perception of their walking distance,
walking speed, and stair-climbing ability [11–12]. It has
subsequently been used extensively in patients with PAD
[11–18] and stroke [19]. In patients with PAD, the WIQ
distance and speed subscales have been correlated with
walking time on the treadmill [11,14–15,20–21]. Addi-
tionally, the WIQ distance and speed subscales have been
responsive to various exercise rehabilitation training pro-
grams [11,14–15,20–21].

Since walking ability is impaired in patients with OA
of the knee and no established self-report instrument
exists to measure walking endurance expressed in dis-
tance and speed in this population, we sought to measure
the psychometric properties of the WIQ in patients with
OA of the knee. We hypothesized that the WIQ would be
a reliable and valid instrument for measuring walking
endurance, walking speed, and stair-climbing ability in
patients with OA of the knee.

METHODS

Procedures
A prospective, randomized clinical trial was com-

pleted in overweight and obese adults with painful OA of
the knee. The study was conducted from 2002 to 2005 at
the Edward Hines Jr Department of Veterans Affairs
(VA) Hospital in Hines, Illinois. The objectives of this
trial were to reduce pain in the knee through a weight loss
and/or exercise program. While we used standard meas-
uring tools for quantitative and qualitative measures of

study outcomes, we also tested the participants’ percep-
tions of their walking ability using the WIQ.

The WIQ was self-administered according to study
protocol at baseline, 16, 24, and 32 weeks. The study
nurse then reviewed the WIQ with the patient for any
missing data. To obtain test-retest reliability information,
we administered the WIQ to a subset of patients (n = 16)
2 weeks apart. The 6-minute walk distance, 3-minute
stair climb and descend, WOMAC scores, and demo-
graphic variables were used for describing concurrent
validity.

Subject Selection
After the Human Studies Subcommittee approved the

study, patients with documented OA of the knee were
recruited from the General Medicine and Arthritis Clinics
at Edward Hines Jr VA Hospital and the surrounding
community. Subjects were identified using International
Classification of Diseases-9th Revision codes 715.06 or
715.26 as a primary or secondary diagnosis. Identified
subjects were sent a letter of invitation. To be contacted
by the staff, the subject needed to respond positively to
the letter of invitation by returning a stamped self-
addressed information sheet. Subjects were then invited
for an initial laboratory visit, and written informed con-
sent was obtained.

Inclusion Criteria
Subjects aged 50 or older with documented OA of

the knee were invited to participate. OA of the knee was
documented as radiographic findings of tibiofemoral joint
changes of grades II to III with the use of the Kellgren and
Lawrence criteria [22]. Additionally, patients needed to be
symptomatically defined as self-reported mild to severe
pain for most days of the week for at least 6 months before
study entry, be functional Classes I–III of the American
Rheumatism Association (ARA), and have a body mass
index (BMI) ≥27 and ≤40. Patients were allowed to adjust
their analgesics as necessary throughout the study.
Finally, they needed to be able to attend scheduled exer-
cise and nutrition counseling sessions.

Exclusion Criteria
Patients were excluded if knee arthritis did not meet

ARA OA criteria; comorbid conditions precluded partici-
pation in the exercise program; arthroscopic surgery of
the knee was completed within the previous 3 months;
severe back, hip, or ankle pain stopped the patient from
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walking; claudication pain stopped the patient from
walking; or both knee joints had been replaced. Claudica-
tion pain was defined as self-reported calf, thigh, or but-
tock pain that was brought on by walking and subsided
with rest.

Measures

Walking Impairment Questionnaire
The WIQ is a subjectively measured, self-administered

instrument consisting of a 14-item survey with three sub-
scales: walking distance (7 items), walking speed (4 items),
and stair-climbing ability (3 items). The WIQ has two addi-
tional subscales asking questions specifically related to
PAD (pain, aching, or cramps in the calves or buttocks) and
differential diagnosis to rule out other causes of walking
impairment (e.g., pain, stiffness or aching in the joints,
chest pain, shortness of breath, or heart palpitations). At
study entry, we asked participants to complete the WIQ in
the Exercise Physiology Laboratory.

The WIQ measures an individual’s mobility and
degree of difficulty in performing the tasks. All responses
are scored on a 0 to 4 Likert scale (4 = none, 3 = slight,
2 = some, 1 = much difficulty, and 0 = unable to do).
Specifically, the WIQ assesses subjects’ self-reported
difficulty in walking a defined distance (1/2 or less, 1, 2,
or 3 city blocks); difficulty in how fast they are able to
walk one block (walking one block slowly, at an average
speed, or quickly, or running or jogging one block); and
difficulty climbing one, two, and three flights of stairs.

The WIQ is scored by multiplication of the degree of
difficulty by a predefined number to represent distance
(feet), speed (miles/hour), or stairs climbed (steps). The
derived number is divided by the total possible score. A
whole number percentage is then obtained by multiplica-
tion of this value by 100.

6-Minute Walk
The 6-minute walk is a test where the subject walks for

6 minutes on level ground, and the distance covered in
6 minutes is measured [23]. The walk test is carried out in a
100 ft-level indoor straight corridor of the hospital. Sub-
jects are instructed to cover as much ground as possible in
6 minutes. Patients are asked to walk continuously, if possi-
ble, but they are permitted to slow down or stop if they feel
the need to do so. The goal of the test is to have subjects
adopt a self-selected walking speed such that at the end of
6 minutes, they will feel that they could not have walked

any farther. Standard encouragement is used and subjects
are told when they have walked 1, 3, and 5 minutes.

Climbing and Descending Stairs
For assessment of stair-climbing and -descending

ability, subjects climb and descend a standard set of stairs
for 3 minutes. At the signal to begin, subjects climb four
steps up, encounter a small landing at the top, and
descend four steps down. When subjects reach the bottom
of the four stairs, they turn 180° and climb and descend
again [24]. For 3 minutes, subjects move continuously
completing as many stairs as possible in the allotted time.
An electrocardiogram is monitored continuously through-
out the stair climbing and descending. If subjects need to
stop before the 3 minutes are completed, they are
instructed to simply stop where they are.

Western Ontario and McMaster Universities Osteoarthritis 
Index

The WOMAC questionnaire is designed to measure
functional loss and pain in persons with hip and knee
arthritis [25–26]. The WOMAC is a disease-specific
measure of factors affecting quality of life in persons
with OA of the hip and knee. It is made up of 17 func-
tional activity items, 5 pain-related items, and 2 stiffness
items rated on a Likert scale. The WOMAC has demon-
strated strong psychometric properties in a variety of
clinical trials involving patients with OA of the knee
[16,25,27–29].

Body Composition
The BOD POD (Life Measurement, Inc; Concord,

California) is used to measure body weight and body fat
percentage. The BOD POD uses air displacement to deter-
mine body density, and standard equations are then used
for computing body fat percentage. Results from the BOD
POD and underwater weighing were almost identical
(±0.3%) [30]. Similarly, the correlation between dual-
energy X-ray absorptiometry scan and BOD POD meas-
urements was high (r = 0.91, p < 0.01) [31]. The mean ±
standard deviation (SD) test-retest reliability was also very
high (1.7% ± 1.1% difference for BOD POD vs 2.3% ±
1.9% for underwater weighing) [30].

Statistical Analysis
We used descriptive statistics to depict the sample

characteristics (mean ± SD) and intraclass correlation
coefficients (ICCs) to complete test-retest reliability.
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Pearson r correlation coefficients were used for assessing
the relationship between the WIQ distance, speed, and
stair-climbing scores at baseline with selected measures,
i.e., items from WOMAC and demographic charac-
teristics (concurrent validity). Although data were col-
lected at baseline, 16, 24, and 32 weeks, only baseline
data are considered for analysis. We used Cronbach α
statistics to determine internal consistency of the WIQ. A
two-tailed α of 0.05 was considered significant. We used
the SPSS, version 13.0, statistical analysis program
(SPSS, Inc; Chicago, Illinois) to complete the analysis.

RESULTS

One hundred twelve participants were randomized in
the study. Complete WIQ baseline data were available on
105 subjects. Seven participants either had missing data
on the questionnaire or did not complete the question-
naire at baseline and were not used in the analysis.

Subject Characteristics
The sample of subjects consisted of adults ranging

from 50 to 88 years old who reported having OA of the
knee for an average of 10 years. Table 1 provides infor-
mation on additional sample characteristics. Descriptive
information on the WIQ, the WOMAC, the 6-minute
walk distance, and the total number of stairs climbed and
descended is presented in Table 2.

Reliability
The Cronbach α = 0.97 for the total score on the

WIQ. The Cronbach α for the respective subscales dis-
tance, speed, and stair-climbing = 0.96, 0.87, and 0.94,
respectively.

Reproducibility
Test-retest reliability was completed with a subset of

16 subjects. Subjects completed the WIQ 14 days apart.
Scores (mean ± SD) on the respective subscales differed
by 2.75 ± 14.42 points on the distance subscale (p = 0.46),
2.51 ± 13.50 points on the speed subscale (p = 0.47), and
6.25 ± 13.35 points on the stair-climbing subscale (p =
0.08). ICCs were high for all subscales from time 1 to
time 2—distance: ICC = 0.87, p < 0.001, 95% confidence
interval (CI) = 0.67–0.95; speed: ICC = 0.86, p < 0.001,
95% CI = 0.65–0.95; and stair-climbing: ICC = 0.87, p <
0.001, 95% CI = 0.65–0.95. 

Validity
Concurrent validity was supported by a moderate

relationship between the WIQ distance subscale and the
6-minute walk distance (r = 0.52, p < 0.001). A similar
relationship was identified between the WIQ speed sub-
scale and the 6-minute walk distance (r = 0.51, p <
0.001). A relationship was also found between the WIQ
stair-climbing subscale and the actual number of stairs
ascended and descended in the 3-minute test (r = 0.44,

Table 1.
Demographic information of subjects with osteoarthritis of knee (N = 105).

Characteristic Mean ± SD or %
Sex (male) 88.57
Race

Caucasian 89.52
African American 6.66
All Other 3.81

Age (yr) 64.47 ± 8.40
Height (cm) 173.55 ± 8.30
Weight (kg) 103.48 ± 19.25
Body Mass Index (kg/m2) 34.49 ± 5.94
Body Fat (%) 39.74 ± 8.19
ARA Classification

Class I 81.90
Class II 15.24
Class III 2.86

Kellgren–Lawrence Classification
Grade II 56.20
Grade III 44.80

ARA = American Rheumatism Association, SD = standard deviation.

Table 2.
Descriptive information on selected variables of subjects with
osteoarthritis of knee (N = 105).

Measure Mean ± SD Range
WIQ Subscales

Distance 46.85 ± 28.66 0.14–100
Speed 39.46 ± 22.72 0–100
Stair-Climbing 46.69 ± 26.17 0–100

WOMAC Subscales
Pain 12.29 ± 3.45 5–24
Stiffness 5.64 ± 1.60 2–10
Function 41.71 ± 12.35 17–80
Total 59.62 ± 16.09 28–114

6-Minute Walk Distance (m) 443.78 ± 102.67 175–659
Total Stairs Ascended/Descended (No.) 176.03 ± 52.83 64–293
SD = standard deviation, WIQ = Walking Impairment Questionnaire, WOMAC =
Western Ontario and McMaster Universities (Osteoarthritis Index).



563

COLLINS et al. Evaluation of Walking Impairment Questionnaire for OA
p < 0.001). Likewise, concurrent validity was reported as
the more pain, stiffness, and decreased function that per-
sons reported, the lower the scores they reported on the
WIQ (Table 3). Body composition, BMI, duration of OA
disease, and ARA functional classification were weakly
correlated with the WIQ subscales (Table 3).

DISCUSSION

Even though the mechanism of walking impairment
is different in patients with PAD (i.e., ischemic) and OA
of the knee (i.e., biomechanical), these data show that the
WIQ demonstrates good internal consistency reliability,
test-retest reliability, and validity in persons with OA of
the knee. Thus our hypothesis is supported. This finding
is particularly important because walking is limited in
this population, and no self-report instrument has been
validated to measure this limitation specifically. These
results suggest that the WIQ can be used reliably in large
clinical trials in patients with OA of the knee.

High Cronbach α scores for the total instrument and
individual subscales support the internal consistency of
the WIQ. Confirmatory factor analysis would further
strengthen this assertion. However, the number of sub-
jects was insufficient for the completion of a confirmatory
factor analysis on this sample. Therefore, we cannot claim
with certainty that internal consistency is supported.

Test-retest reliability was supported in a subset of
16 subjects tested 2 weeks apart. We found no differ-
ences in their scores on the WIQ, as expected. We
believe that these results accurately represent the total
sample, however, because no differences in demographic
characteristics were found between these 16 subjects and
the rest of the sample.

Concurrent validity is also supported by moderate cor-
relations between the WIQ subscales and selected vari-
ables. The relationships between the WIQ subscales and
objective measures (6-minute walk distance and number of
stairs climbed and descended) are highly significant but
only moderately correlated. This lack of a high correlation
probably reflects the differences between subjective and
performance-based measures. The patient’s subjective
responses may be influenced by factors such as depression,
perceptions of optimal walking speed and distance, and a
desire to please the investigators. Additionally, other fac-
tors such as pain and stiffness in the joint or poor weather
on a given day might influence either of the measures.
Moderate correlations would be expected because the
WIQ measures a subject’s perception of his or her walking
and stair-climbing ability and the 6-minute walk and stair-
climbing/-descending measure of actual ability. Our results
are similar to those reported in patients with PAD [11,13].

The WOMAC is considered to be the “gold standard”
measure for pain, stiffness, and function in patients with
OA of the knee. In this sample of subjects, those who
reported more pain and less function also reported lower
scores on the WIQ walking distance, walking speed, and
stair-climbing subscales. Although a significant relation-
ship also existed with stiffness (WOMAC) and the WIQ
subscales, it was not as strong as the other two subscales.
This finding is consistent with the nature of OA, in which
stiffness will be transient and be relieved after a few
steps. Additionally, the WOMAC pain and function sub-
scales contain specific questions that deal with walking
and stair climbing, while the WOMAC stiffness subscale
deals only with subjects’ stiffness upon waking and after
sitting, lying, or resting but not during walking. Thus the
relationships between the stiffness subscale and WIQ

Table 3.
Relationships between Walking Impairment Questionnaire distance,
speed, and stair-climbing subscales and selected variables of subjects
with OA of knee (N = 105).

Variable Distance Speed Stair-Climbing
WOMAC

Pain r = –0.45 r = –0.42 r = –0.49
p < 0.001 p < 0.001 p < 0.001

Stiffness r = –0.23 r = –0.24 r = –0.30
p = 0.02 p < 0.02 p = 0.002

Function r = –0.50 r = –0.52 r = –0.56
p < 0.001 p < 0.001 p < 0.001

Total Score r = –0.49 r = –0.51 r = –0.55
p < 0.001 p < 0.001 p < 0.001

Body Mass Index r = –0.32 r = –0.37 r = –0.29
p = 0.001 p < 0.001 p = 0.002

Body Fat (%) r = –0.24 r = –0.26 r = –0.21
p = 0.012 p = 0.007 p = 0.03

Duration of OA r = –0.23 r = –0.24 r = –0.27
p < 0.03 p < 0.03 p = 0.01

ARA Functional Class* rs = –0.24 rs = –0.33 rs = –0.30
p < 0.02 p = 0.001 p = 0.002

*Spearman rank correlation rs reported for ARA functional classification;
Pearson r reported for all other data.
ARA = American Rheumatism Association, OA = osteoarthritis, WOMAC =
Western Ontario and McMaster Universities (OA Index).
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scales would not be as strong. Similarly, subjects who
reported having OA of the knee longer reported lower
scores on the WIQ. This finding suggests that more
advanced degenerative changes may have occurred in the
knee joint over time. Future research would be needed to
support whether or not the WIQ is responsive to the
severity of the OA of the knee.

Since the WIQ has been used primarily in patients
with PAD, we compared scores in this sample with previ-
ously reported data on the PAD population. Average
scores obtained on the WIQ subscales in patients with
OA are slightly higher than those reported by patients
with PAD and lower than those without PAD [13–
14,21,32–39]. In patients with PAD, scores on the walk-
ing distance subscale ranged from 25 to 56 [13–14,32–
35,37,39], with most scores clustering at 40 or lower. In
patients whose lifestyle was limited by decreased circula-
tion to their legs or who were awaiting surgery, scores
were lower, ranging from 3.1 to 12.6 [36,38]. Con-
versely, subjects without PAD who completed the WIQ
distance subscale reported scores ranging from 73 to 79
[32,35]. The patients with OA scored 46.9 ± 28.7 on the
WIQ walking distance subscale (scores given as mean ±
SD unless otherwise noted). The scores are in the upper
range of PAD patients and well below those reported by
patients without disease. Likewise, patients with
decreased circulation to the legs scored between 30 and
39 [13–14,32–35,37,39] on the walking speed subscale,
with severely limited PAD patients scoring between 4.6
and 22.0 [36,38]. Subjects without disease reported
scores ranging from 60 to 64 [32,35]. Patients in the
present study with OA of the knee reported a walking
speed subscale score of 39.5 ± 22.7. This score, as is the
walking distance score, is higher than those reported by
people with PAD. Most subjects in this study were in the
Kellgren–Lawrence grades II to III [22], indicating mod-
erate OA degenerative changes, and were classified as
ARA functional Classes I and II. On the stair-climbing
subscale, patients with PAD reported scores ranging from
46 to 64 [13–14,32–35,37,39] and patients with limited
lifestyles were between 10.7 and 32.0 [36,38]. Subjects
without disease reported scores of 63 to 70 [32,35]. Sub-
jects with OA of the knee reported scores of 46.7 ± 26.2.
Because of the difficult maneuvering actions and weight-
bearing burden on the knees, climbing stairs is a very dif-
ficult task for people with OA of the knee. Thus patient
scores are not surprisingly lower than those reported by
patients with PAD.

Using the WIQ in the population with OA of the
knee has many advantages. First, the instrument is self-
administered and contains familiar tasks in which the
individual engages. Next, it contains only 14 items and
the subjects completed it in less than 10 minutes. As
such, researchers can conveniently use the WIQ in large
studies to measure walking ability in dimensions not pre-
viously measured by the existing instruments [15–17].
Future research documenting outcomes of clinical trials
using the WIQ is warranted. Finally, if validated in other
populations of subjects with lower-limb disabilities and a
wider range of knee OA severity, the WIQ may be used
as a benchmark measure for walking ability across a
broad spectrum of patients.

Our study was limited by the small number of
women enrolled in the study; hence, generalizability
across sex could be limited. We cannot state with cer-
tainty that the WIQ would perform in the same manner if
more women participated in the study.

CONCLUSIONS

These data suggest that the WIQ is a valid and reli-
able measure of walking impairment in patients with OA
of the knee. In large clinical trials of patients with OA of
the knee where objective measures of walking ability are
not feasible, the WIQ’s ease of use offers a clear advan-
tage for researchers and investigators in measuring walk-
ing ability. Changes in walking distance and speed are
important outcomes for pharmacotherapy trials; the WIQ
may better predict clinically important changes in walk-
ing ability than the currently available measures.
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