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A Randomized Controlled Trial of the People With
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Outcomes

LEIGH F. CALLAHAN,' THELMA MIELENZ,' JANET FREBURGER,' JACK SHREFFLER,"
JENNIFER HOOTMAN,? TERESA BRADY,? KATHERINE BUYSSE," anxo TODD SCHWARTZ!

Objective. To evaluate the basic 8-week People with Arthritis Can Exercise (PACE) program for improvements in
primary (symptoms, functioning, level of physical activity) and secondary (psychosocial) outcomes.

Methods. A total of 346 individuals with self-reported arthritis from 18 sites participated in a randomized controlled
trial of PACE. Outcomes were measured at baseline and 8 weeks. The intervention group completed self-reported
assessments at 3 and 6 months. Two-level multiple linear regression models were estimated to calculate adjusted outcome
means in the intervention and control groups. A mixed-effects repeated-measures model was used to calculate adjusted
means in the intervention group at 3 and 6 months. Both intent-to-treat (ITT) and as-treated (AT) analyses were
conducted.

Results. At 8 weeks, the intervention group had improvements in the following outcomes: 2 symptom outcomes (pain,
fatigue) and 1 psychosocial outcome (self-efficacy for managing arthritis) in the ITT analyses; 1 symptom outcome (pain),
1 function outcome (chair stands), and 1 psychosocial outcome (self-efficacy for arthritis management) in the AT analyses.
In addition, completers who attended =9 classes had improvements in 3 symptom outcomes (pain, fatigue, stiffness), 2
function outcomes (10-pound lifts, chair stands), and 1 psychosocial outcome (self-efficacy for arthritis management) at
8 weeks. Relative to baseline, PACE participants maintained significant improvements in symptoms at 6 months, but
declined in function and self-efficacy for exercise.

Conclusion. If adults with arthritis attend a majority of PACE classes, they may expect improvements in symptoms,
self-efficacy for arthritis management, and upper and lower extremity function. Achieving sustained improvement in
outcomes may require continued participation in PACE.

INTRODUCTION

Arthritis, one of the most prevalent chronic conditions in
the US and the country’s leading cause of disability, is

characterized by pain, decreased joint mobility, and weak-
ness, which likely contribute to mortality and morbidity
from other chronic diseases such as diabetes (1-4). Al-
though persons with arthritis tend to be less fit than their

peers without this condition, studies have demonstrated
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that persons with arthritis can safely participate in appro-
priate exercise programs to improve their cardiovascular
fitness, muscular strength, psychosocial status, and func-
tional status (1,2,5-15). The surgeon general’s report on
physical activity and health indicated that exercise pro-
grams of moderate intensity are effective in individuals
with rheumatoid arthritis (RA) or osteoarthritis (OA)
(16,17). On the basis of this report and other research
findings, clinicians and public health practitioners have
been recommending participation in exercise programs for
people with arthritis (18).

The People with Arthritis Can Exercise (PACE) program
is a land-based program developed by the Arthritis Foun-
dation in 1987 (revised in 1999) to promote the self-man-
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agement of arthritis through exercise. This 8-week pro-
gram, administered twice weekly for 1 hour, is offered at
basic and advanced levels and is available for widespread
use in community-based settings.

Evaluations of the effectiveness of PACE have been lim-
ited to small pilot studies (19-21). In these smaller stud-
ies, improvements were shown in symptoms, strength,
function, and psychosocial behaviors. Given the need for
solid evidence-based data to support widespread dissem-
ination, this study was undertaken to evaluate the effec-
tiveness of the basic PACE program (1999 version) in
changing arthritis-related health outcomes among commu-
nity-dwelling adults with self-reported arthritis. The pri-
mary objectives of this study were 1) to conduct a random-
ized controlled trial (RCT) to evaluate the short-term
effects (at 8 weeks) of PACE on the primary outcomes of
symptoms, function, and physical activity and a set of
secondary (psychosocial) outcomes, and 2) to assess the
longer-term effects (at 3 and 6 months) of PACE on out-
comes in the intervention group. Our secondary objectives
were 1) to assess the effects of completer status (defined as
attending =9 of the 16 classes) on outcomes, 2) to evaluate
the long-term effects (at 3 and 6 months) of PACE on
outcomes for continuers (participants who reported con-
tinuing PACE exercises at home), and 3) to track any
adverse events from the program.

PARTICIPANTS AND METHODS

This RCT was conducted at multiple community locations
with an intervention group and a control group that re-
ceived the intervention on a delayed basis. All participants
completed self-report and performance-based assessments
at baseline and 8 weeks later. After the 8-week assessment,
the control group was offered PACE. Participants in the
intervention group also completed self-report assessments
3 and 6 months after completion of PACE. This study was
approved by the University of North Carolina institutional
review board.

Instructors from urban and rural counties across North
Carolina were recruited for the study during training ses-
sions conducted by the North Carolina Arthritis Program.
Instructors included exercise program leaders, heath edu-
cation specialists, recreation leaders, nurses, and occupa-
tional and physical therapists. All instructors (n = 18)
completed an online training course on protection of hu-
man subjects and were given the opportunity to become
certified in cardiopulmonary resuscitation at no cost. In-
structors chose their PACE class site based on affiliations
in their community. Sites included senior centers, fit-
ness or wellness centers, retirement communities, and
churches.

Participants were recruited by PACE instructors,
through investigator community contacts (e.g., family
practice offices, community centers, and health depart-
ments), and through local radio and print advertisements.
The criteria for inclusion were 1) self-reported arthritis, 2)
age 18 years or older, 3) currently exercising <3 times a
week for <20 minutes per session, 4) limited in normal
activities because of arthritis or joint symptoms (to address

the basic-level PACE 8-week program target audience),
and 5) English speaking. Participants were excluded if 1)
they used a wheelchair and were not able to transfer inde-
pendently and 2) their mental status did not allow them to
complete the questionnaires.

Participants were randomly assigned to either the inter-
vention group or the control group by varying permuted
blocks (i.e., the block size is randomly varied to prevent
guessing), stratified by class site. Group assignments were
done by concealed allocation of the 2 groups (22).

Baseline assessments took place from August to Novem-
ber 2003 and were performed at the class sites approxi-
mately 1 week before the start of PACE. Participants pro-
vided informed consent and completed a self-report
questionnaire and underwent a standardized functional
assessment battery of tests by trained physical therapists
(PTs). The followup assessments of the self-reported ques-
tionnaire and functional assessment battery of tests took
place from October 2003 to January 2004.

Demographic measures included age, race/ethnicity,
marital status, educational level, sex, height, weight, work
status, and use of current medications. Chronic conditions
were assessed using a modification of the American Acad-
emy of Orthopedic Surgeons Musculoskeletal Outcomes
Data Evaluation and Management System list of comor-
bidities (23). An unweighted count of nonmusculoskeletal
conditions was used as the comorbidity score (possible
range 0—11).

Before the baseline assessments, the instructors received
a copy of the sample outline for the basic-level 8-week
program and a list of recommendations from the research
team (e.g., a request that no floor exercise be conducted
because we were evaluating the basic program). Safety
guidelines advised instructors to refer questions on health
to participants’ health care providers and provided a pro-
tocol for handling emergencies. Instructors monitored in-
tervention group attendance and reported to the research
team weekly.

Participants in the intervention group were mailed sur-
veys 3 and 6 months after the conclusion of PACE to assess
the long-term effect of the course. Specific questions about
level of physical activity and continued enrollment or
interest in continuing with PACE were added to the 3- and
6-month surveys.

Primary outcome measures. Pain, stiffness, and fatigue
(symptoms of arthritis) were measured using visual analog
scales (VAS) (24,25). For example, the amount of pain
experienced over the past week was assessed using a
100-mm VAS anchored with “no pain” and “pain as bad as
it could be” (24,25). A similar method was used to assess
stiffness and fatigue.

Physical function was assessed with both self-report and
performance-based measures. Self-reported function was
assessed using the disability scale of the Health Assess-
ment Questionnaire (HAQ) (26), which includes questions
about 20 activities of daily living in 8 domains (dressing,
arising, eating, walking, hygiene, activities, reach, and
grip); scores are adjusted based on the use of assistive
devices. Each item is scored from 0 (no disability) to 3



94

Callahan et al

(maximum disability). The average score from the 20 items
was used with a higher score representing worse function.
Performance-based physical function was assessed at base-
line and at 8 weeks by PTs. All PT assessors were trained
on a standardized assessment protocol. First, a medical
history was taken to identify participants with conditions
that would exclude them from some performance testing
(e.g., uncontrolled hypertension, recent surgeries).

Participants completed 5 performance-based tests of
physical function, all of which have established reliability
(27-29). Timed 10-pound lifts assess upper extremity
strength (29), and timed chair stands assess lower extrem-
ity strength (28). A third test, the timed 360-degree turn,
assesses standing balance and turning ability (28). Measur-
ing the speed of gait (a fourth test) assesses functional
mobility (27), and the 6-minute walk, a submaximal test of
aerobic capacity, measures aerobic endurance (27).

Physical activity was assessed for type of activity, fre-
quency, and duration over the past 7 days using the Phys-
ical Activity Scale for the Elderly (PASE) (30). A score
(range 0—>400) is computed using a formula in which
time spent in each activity is multiplied by a weighted
value to reflect the amount of energy expended in com-
pleting that activity. Higher scores reflect higher levels of
physical activity (30).

Secondary outcome measures. Four psychosocial out-
comes were assessed. The Rheumatoid Arthritis Self-Effi-
cacy (RASE) 28-item scale measures respondents’ self-ef-
ficacy for arthritis self-management behaviors (31). The
total score (range 28-140) is computed by summing 28
Likert-format item responses (range 1-5 to express
strength of agreement). Higher scores reflect higher self-
efficacy (31,32).

The 5-item Self-Efficacy for Physical Activity (SEPA)
scale assesses respondents’ confidence in their ability to be
physically active despite barriers (33). A summary score
(range 1-5) is calculated by averaging the 5 items. Higher
scores reflect higher levels of self-efficacy (33,34). The
11-item Center for Epidemiologic Studies Depression
Scale measures symptoms associated with depression in
the general population (35). Each symptom is scored from
0 to 3 to reflect the frequency of occurrence within the past
7 days. The 11 items are summed, with higher scores
indicating a greater frequency of depressive symptoms
(range 0-33).

The 5-item Helplessness Subscale of the Rheumatology
Attitudes Index was used to measure perceived helpless-
ness (36). The items are scored from 1 to 5 (least to greatest
amount of helplessness) and the average is used for ana-
lysis.

Statistical analyses. All statistical analyses were con-
ducted using STATA (37). An initial quality check of all
data was conducted in 2 steps: 1) data were checked for
allowable ranges, legibility, and errors, and 2) univariate
analyses of all variables were performed, with particular
attention paid to missing data, sparse numbers, or extreme
values. In the final analyses, we did not perform any im-
putation or transformations, although some tests were con-

Assessed for eligibility
(n=428)

Enrolled (n=347)

Excluded 1
participant
because of mental
status

| Analysis (n=346)

Excluded the 25 Included the 25
participants not participants not
randomized randomized

Intent-to-treat
analysis
(n=321)

As-treated
analysis (Nn=346)

Randomized to Randomized to (" Randomizedto )| ( Randomizedto )

PACE control PACE and control and
(n=166) (n=155) received PACE received control
(n=153) (n=142)
y & 4
| ] 1
("Randomizedto | ( Randomized to )
control but PACE but
received PACE received control

(n=13) g \a (n=13)

(" Were not (" Werenot )
randomized but randomized but
received PACE received control

(n=9) (n=186)
[ ]
Pz ™ A Y
~ Received PAGE Received control
(n=175) (n=171)
@1« e 7, o R

Figure 1. Participant flow chart. PACE = People With Arthritis
Can Exercise.

ducted by imputing missing PASE values, as described
below.

Both intent-to-treat (ITT) and as-treated (AT) analyses
were performed (Figure 1). Following accepted proce-
dures, for the ITT analyses all participants were analyzed
as they were randomized regardless of whether they actu-
ally participated in their prescribed treatment arm. Some
eligible participants (n = 25) were not randomized be-
cause they would not have transportation to attend classes
if they were not assigned to the same group as another
person (spouse, relative, friend, etc.), they had scheduled
vacations, or they had surgeries that precluded their as-
signment to certain class times.

In addition, for various reasons (e.g., difficulty arranging
transportation, simply deciding to attend or not attend
classes) some participants randomized to PACE actually
received the control protocol (n = 13), and vice versa (n =
13). Therefore, participants who attended at least 1 class
were included in the AT analysis as receiving PACE, re-
gardless of whether they were randomized and regardless
of their assignment (intervention, control). To promote
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community-based participation, participants who were
not randomized were still allowed to participate.

The characteristics of participants at baseline for the ITT
and AT analyses were compared for the intervention group
and control group using t-tests and Pearson’s chi-square
test. For primary and secondary outcomes, mean differ-
ences in outcomes at the 8-week followup were compared
between the intervention and control groups adjusting for
baseline differences as noted below. In the intervention
group, mean adjusted outcome measures at 3 and 6 months
were compared with baseline. Analysis of subgroups by
completer status (attended =9 classes) was performed for
the AT analyses.

Outcomes represented 4 major categories: symptoms
(pain, fatigue, stiffness), function (HAQ and 5 physical
performance tests), physical activity level (PASE), and
psychosocial characteristics (self-efficacy, depression,
helplessness). Analyses of covariance 2-level multiple lin-
ear regression models (site was the second level) were
used to calculate adjusted means for the 8-week outcomes
for the intervention and control groups in both the ITT and
AT analyses. Covariates in the full models assessing the
symptoms, function, and physical activity outcomes in-
cluded sex, age, race, education, comorbid conditions,
self-efficacy (per both RASE and SEPA), depression, help-
lessness, and the baseline outcome measure. Covariates in
the full models assessing the psychosocial outcomes in-
cluded sex, age, race, education, comorbid conditions,
symptoms, function, and physical activity level.

Standard scoring of the PASE only allows estimation of
missing values from the remaining data for the number of
hours per day related to the intensity of activities (Smith
K: personal communication). With the baseline PASE
score missing for 17% of the participants, we imputed the
scores by best-subset regression for the models containing
PASE as an independent variable (37). Because the results
using the larger imputed sample did not differ from those
using the original sample, we used the nonimputed PASE
in the final models.

Adjusted mean outcomes in the evaluations at 3 and 6
months were calculated using a 3-level mixed-effects re-
gression model that included a random intercept for site
(level 3), individual participant (level 2), and repeated
measures of outcome (level 1), with adjustment for covari-
ates as outlined previously. The models included effects
for 8 weeks and for 3 and 6 months using the baseline
value as reference. Similar subgroup analyses were con-
ducted for continuers, i.e., those participants who reported
they were continuing the PACE exercises at home (n = 70).

RESULTS

Of the 428 individuals screened for enrollment, 347 were
eligible and enrolled in the study (Figure 1). Of those 81
screened who were not enrolled, 38% were too active. One
participant was excluded because of declining mental sta-
tus during the course of the study. In the ITT analysis of
only randomized participants, 166 participants were ran-
domized to intervention and 155 to control. In the AT
analysis, a total of 175 participants received the interven-
tion and 171 received the control protocol.

Overall, the participants had a mean age of 70 years
(range 32—94 years), 90% were female, 75% were white,
and 60% had more than a high school degree (Table 1).
Baseline differences between the intervention and control
groups are depicted in Table 1 for both the ITT analysis
and AT analysis. There were no meaningful random dif-
ferences between the ITT intervention and control groups.
Compared with controls, the AT intervention group had
significantly more nonmusculoskeletal comorbid condi-
tions (P = 0.007) and less aerobic endurance (shorter dis-
tance in the 6-minute walk; P = 0.03).

In the ITT analyses, the main types of self-reported
arthritis for the treatment and control groups included RA
(25% and 25%, respectively), fibromyalgia (10% and 8%,
respectively), and OA (43% and 40%, respectively). The
major comorbidities for the treatment and control groups
were heart disease (20% and 21%, respectively), hyperten-
sion (55% and 52%, respectively), stroke (9% and 8%,
respectively), and diabetes (18% and 13%, respectively).
Information was collected on current medication: 51%
and 36% of patients in the treatment and control groups,
respectively, took nonsteroidal antiinflammatory drugs
(NSAIDs) for OA; 42% and 50%, respectively, took
NSAIDs for RA; and 43% and 49%, respectively, took
disease-modifying antirheumatic drugs for RA. None of
these comparisons were statistically different (data not
shown).

In the ITT analyses (Table 2), the intervention group had
significant improvements in pain, fatigue, and self-efficacy
for managing arthritis at 8 weeks. On the VAS, the inter-
vention group’s mean score was 6.8 mm better for pain and
8.3 mm better for fatigue relative to the control group. In
addition, on 1 psychosocial outcome (self-efficacy for
managing arthritis), the intervention group had a score that
was 5.1 points higher than the control group (Table 2).
Numerical values for 1 symptom (stiffness), measured
function (upper and lower strength and balance measures),
level of physical activity, and 1 psychosocial outcome
(exercise self-efficacy) also indicated improvement in the
intervention group, but these findings were not significant.

In the AT analyses, the intervention group had signifi-
cant improvements in 1 symptom (pain [8.2 mm better
than control group]), 1 function (lower extremity strength
[chair stands 1.0 second faster than control group]), and 1
psychosocial outcome (arthritis self-efficacy [6.8 points
better on the RASE than control group]) (Table 3). Numer-
ical values for other symptoms (fatigue, stiffness), all mea-
sured functions, level of physical activity, and 2 other
psychosocial outcomes (exercise self-efficacy and help-
lessness) indicated improvement in the intervention
group, but these findings were not significant.

The mean * SD number of classes attended by partici-
pants who attended at least 1 PACE class (n = 175) (Figure
1) was 9.4 = 4.5. A total of 114 (65.1%) participants
completed =9 of the 16 classes offered during the 8-week
session and thus were defined as completers. For these
participants (Table 4), the AT analyses at 8 weeks indi-
cated significant improvements in the intervention group
in symptoms (shown by differences on a VAS) for pain (7.6
mm better than controls), fatigue (9.2 mm better than con-
trols), and stiffness (6.1 mm better than controls); function
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Table 1. Baseline characteristics of the intervention and control groups by type of analysis*
Intent-to-treat As treated
Intervention Control Intervention Control
Characteristics (n = 166) (n = 155) (n = 175) (n=171)
Demographics
Age in years 69.7 * 0.98 69.9 * 0.94 70.5 = 0.92 68.6 * 0.92
Female sex, % 85.6 89.9 86.4 89.0
White race, % 72.0 76.0 73.6 75.7
More than high school education, % 59.5 60.0 60.7 62.4
Number of comorbid conditions 1.61 = 0.10 1.50 = 0.10 1.76 * 0.11% 1.39 = 0.09
Symptoms, mm on VAS
Pain 50.2 £ 2.09 47.6 = 2.16 50.1 £ 2.02 48.1 £ 2.05
Fatigue 48.9 * 2.48 46.4 £ 2.70 48.5 £ 2.41 45.9 £ 2.52
Stiffness 45.7 * 2.15 43.9 * 2.11 45.5 * 2.15 45.5 * 2.01
Self-reported function
HAQ 1.03 = 0.05 1.03 = 0.05 1.02 = 0.05 1.05 = 0.05
Measured function
Upper extremity strength: three 10-pound 7.86 * 0.24 8.24 * 0.31 7.87 +0.23 8.04 £ 0.29
lifts (seconds)
Lower extremity strength: 3 chair 12.4 = 0.52 11.6 = 0.41 12.3 = 0.49 11.7 £ 0.41
stands (seconds)
Standing balance and turning ability
360° turn right (seconds) 4.75 * 0.24 4.33 £ 0.18 4.46 * 0.17 4.51 * 0.23
360° turn left (seconds) 4.68 = 0.22 4.21 + 0.17 4.45 + 0.17 4.34 + 0.21
Functional mobility
Normal walking speed, meters/second 0.97 * 0.02 1.01 * 0.02 0.98 * 0.02 1.02 * 0.02
Fast walking speed, meters/second 1.28 + 0.03 1.34 = 0.03 1.29 + 0.03 1.36 £ 0.03
Aerobic endurance
6-minute walk, feet 1,153 * 33 1,227 * 40 1,151 * 32% 1,254 = 37
Level of physical activity
PASE 90.9 = 5.36 87.6 = 5.563 90.0 * 4.98 90.1 = 5.59
Psychosocial
Arthritis self-efficacy: RASE 105.5 = 0.95 104.5 = 1.05 105.6 = 0.94 104.5 = 1.02
Exercise self-efficacy: SEPA 2.64 * 0.07 2.68 * 0.08 2.66 * 0.07 2.68 * 0.07
Depressive symptoms: CES-D 7.27 = 0.44 6.72 * 0.41 7.24 *+ 0.42 6.81 * 0.40
Perceived helplessness: RAI 2.45 £ 0.07 2.38 £ 0.08 2.44 * 0.07 2.38 £0.08
* Values are the mean * SE unless otherwise indicated. VAS = visual analog scale; HAQ = Health Assessment Questionnaire; PASE = Physical
Activity Scale for the Elderly; RASE = Rheumatoid Arthritis Self-Efficacy Scale; SEPA = Self-Efficacy for Physical Activity Scale; CES-D = Center for
Epidemiologic Studies Depression Scale; RAI = Rheumatology Attitudes Index. Higher scores for functional mobility, aerobic endurance, PASE, RASE,
and SEPA reflect better health. Lower scores for symptoms, self-reported function (HAQ), measured function, depressive symptoms, and perceived
helplessness (5-item subscale of the RAI) reflect better health.
+ P < 0.01 for the difference between intervention and control groups.
F P < 0.05 for the difference between intervention and control groups.

(upper extremity strength: 0.7 seconds faster on timed
10-pound lifts, lower extremity strength: 1.1 seconds faster
on chair stands); and 1 psychosocial outcome (self-efficacy
for arthritis management: 6.6 points higher on the RASE).
Numerical values for the other performance-based mea-
sures of function, level of physical activity, exercise self-
efficacy, and perceived helplessness also indicated im-
provement in the intervention group, but these findings
were not significant.

The adjusted means for symptoms, function, physical
activity, and psychosocial outcomes for repeated measures
from baseline to 6 months for those participants who at-
tended any PACE classes are presented in Table 5. The
response rates for the 3- and 6-month surveys were 74.3%
(n = 130) and 72.6% (n = 127), respectively. In this analy-
sis, statistical significance refers to a difference from the
baseline value. At 6 months, participants had maintained
significant decreases in 2 symptoms (pain: 7.8 mm, fatigue:

7.4 mm). In contrast, both function (0.09 points higher on
the HAQ) and self-efficacy for exercise (a decline of 0.24
points on the SEPA) became worse (Table 5). A subanaly-
sis on the continuers (participants who at 6 months said
they were continuing to do the PACE exercises at home)
showed results similar to those seen for the entire inter-
vention group except that self-reported function did not
deteriorate significantly and the third symptom (stiffness)
maintained improvement from baseline (Table 5).

DISCUSSION

The short-term effects of the basic PACE program were
improvements in pain and fatigue as well as in self-effi-
cacy for managing arthritis, but we found no significant
effects on function or activity. In a separate analysis (AT)
for participants completing the majority of the program,
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Table 2. Comparison of the intervention and control
groups at 8 weeks (intent-to-treat analyses)*

Intervention Control
Outcomes at 8 weeks (n = 166) (n = 155)

Symptoms, mm on VAStT

Pain (n = 239) 38.1% 44.9

Fatigue (n = 236) 35.4§ 43.7

Stiffness (n = 238) 37.6 40.1
Self-reported functiont

HAQ (n = 245) 1.04 1.00
Measured functiont

Upper extremity strength: 7.04 7.48

three 10-pound lifts
(seconds) (n = 186)
Lower extremity strength: 10.7 11.4
3 chair stands (seconds)
(n = 199)
Standing balance and turning
ability
360° turn right (seconds) 3.86 4.12
(n = 205)
360° turn left (seconds) 3.89 4.08
(n = 205)
Functional mobilityt
Normal walking speed (meters/ 1.05 1.08
second) (n = 186)
Fast walking speed 1.38 1.40
(meters/second) (n = 185)
Aerobic endurancet

6-minute walk (feet) (n = 196) 1,249 1,279
Level of physical activityt
PASE (n = 195) 86.6 85.0
Psychosocialq
Arthritis self-efficacy: RASE 108.5§ 103.4
(n = 209)
Exercise self-efficacy: SEPA 2.69 2.66
(n = 209)
Depressive symptoms: CES-D 6.76 6.38
(n = 206)
Perceived helplessness: RAI 2.26 2.22
(n = 209)

* Values are the mean. See Table 1 for definitions. Higher scores for
functional mobility, aerobic endurance, PASE, RASE, and SEPA reflect
better health. Lower scores for symptoms, self-reported function
(HAQ), measured function, depressive symptoms, and perceived help-
lessness (5-item subscale of the RAI) reflect better health.

1 Adjusted means based on a multilevel multiple linear regression
model with site as the second level and adjusted for baseline out-
come, sex, age, race, education, comorbidity, self-efficacy (RASE
and SEPA), depression (CES-D), and helplessness (RAI).

+ P < 0.05 for the difference between intervention and control
groups.

§ P < 0.01 for the difference between intervention and control
groups.

q Adjusted means based on a multilevel multiple linear regression
model with site as the second level and adjusted for a baseline
outcome, sex, age, race, education, comorbidity, HAQ, PASE, and
pain VAS.

improvements in pain and fatigue at 6 months and, for
those participants continuing the program independently,
sustained improvement in stiffness. There were no adverse
events reported during the program, and therefore it ap-
pears safe for older persons with arthritis who have been
in the habit of exercising very little.

Our study provides the first solid RCT evidence that the

Table 3. Comparison of the intervention and control
groups at 8 weeks (as-treated analyses)*

Intervention Control
Outcomes at 8 weeks m=175) m=171)

Symptoms (mm on VAS)t

Pain (n = 255) 37.6% 45.8

Fatigue (n = 253) 36.0 41.7

Stiffness (n = 254) 36.1 40.8
Self-reported functiont

HAQ (n = 263) 1.02 1.01
Measured functiont

Upper extremity strength: 7.01 7.40

three 10-pound lifts
(seconds) (n = 198)
Lower extremity strength: 10.5§ 11.5
3 chair stands
(seconds) (n = 213)
Standing balance and turning
ability
360° turn right (seconds) 3.84 4.07
(n = 219)
360° turn left (seconds) 3.84 4.04
(n = 219)
Functional mobilityt
Normal walking speed 1.07 1.07
(meters/second) (n = 200)
Fast walking speed (meters/ 1.40 1.41
second) (n = 199)
Aerobic endurancet

6-minute walk (feet) (n = 209) 1,276 1,280
Physical activity levelt
PASE (n = 211) 88.5 84.6
Psychosocial{
Arthritis self-efficacy: RASE 109.5F 102.7
(n = 224)
Exercise self-efficacy: SEPA 2.72 2.65
(n = 224)
Depressive symptoms: CES-D 6.68 6.42
(n = 221)
Perceived helplessness: RAI 2.20 2.26
(n = 224)

* Values are the mean. See Table 1 for definitions. Higher scores
for functional mobility, aerobic endurance, PASE, and RASE
reflect better health. Lower scores for symptoms, self-reported
function (HAQ), measured function, depressive symptoms, and
perceived helplessness (subscale of the RAI) reflect better health.
1 Adjusted means based on a multilevel multiple linear regression
model with site as the second level and adjusted for baseline out-
come, sex, age, race, education, comorbidity, self-efficacy (RASE
and SEPA), depression (CES-D), and helplessness (RAI).

short-term effects were observed in pain and fatigue, in
some upper and lower extremity strength, and in self-
efficacy for managing arthritis. This finding tells us that
given a higher dose (>9 classes), gains were made in the
strength of the upper and lower extremities, reflecting one
of the more minor components of PACE: strength training.
The longer-term effects of the program were continued

#P < 0.01 for the difference between intervention and control
groups.

§ P < 0.05 for the difference between intervention and control
groups.

q Adjusted means based on a multilevel multiple linear regression
model with site as the second level and adjusted for baseline out-
come, sex, age, race, education, comorbidity, HAQ, PASE, and pain
VAS.
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Table 4. Comparison of the outcomes for completers
(attended =9 classes) and controls at 8 weeks (as-treated
analyses)*

Intervention Control

Outcomes at 8 weeks (n=114) (n = 171)

Symptoms (mm on VAS)t

Pain (n = 221) 36.7% 44.3
Fatigue (n = 219) 32.0§ 41.2
Stiffness (n = 221) 34.2F 40.3
Self-reported functiont
HAQ (n = 229) 0.98 0.99
Measured functiont
Upper extremity strength: three 6.76§ 7.46
10-pound lifts (seconds)
(n = 180)
Lower extremity strength: 3 10.5§ 11.6
chair stands (seconds)
(n = 194)
Standing balance and turning
ability
360° turn right (seconds) 3.79 4.08
(n = 199)
360° turn left (seconds) 3.77 4.06
(n = 199)
Functional mobilityt
Normal walking speed (meters/ 1.08 1.07
second) (n = 183)
Fast walking speed (meters/ 1.41 1.40

second) (n = 182)
Aerobic endurancet

6-minute walk (feet) (n = 190) 1,291 1,280
Physical activity levelt
PASE (n = 183) 85.8 83.0
Psychosocial{
Arthritis self-efficacy: RASE 109.3§ 102.7
(n = 195)
Exercise self-efficacy: SEPA 2.82 2.67
(n = 195)
Depressive symptoms: CES-D 6.28 6.25
(n = 191)
Perceived helplessness: RAI 2.16 2.24
(n = 195)

* Values are the mean. See Table 1 for definitions. Higher scores for
functional mobility, aerobic endurance, PASE, RASE, and SEPA
reflect better health. Lower scores for symptoms, self-reported func-
tion (HAQ), measured function, depressive symptoms, and per-
ceived helplessness (subscale of the RAI) reflect better health.

1 Adjusted means based on a multilevel multiple linear regression
model with site as the second level and adjusted for baseline out-
come, sex, age, race, education, comorbidity, self-efficacy (RASE
and SEPA), depression (CES-D), and helplessness (RAI).

+P < 0.05 for the difference between intervention and control
groups.

§ P < 0.01 for the difference between intervention and control
groups.

q Adjusted means based on a multilevel multiple linear regression
model with site as the second level and adjusted for baseline out-
come, sex, age, race, education, comorbidity, HAQ, PASE, and pain
VAS.

basic 8-week PACE program has at least modest benefits.
Before our study, the only published research article was a
small (n = 30) pilot study assessing the effectiveness of the
Arthritis Foundation’s Aquatic and PACE programs by
using a control group for comparison (19). Suomi and
Collier reported that PACE significantly decreased pain

during activities of daily living and increased several func-
tional measures, including flexibility, eye—hand coordina-
tion, hip and shoulder strength, and balance (19). Our
results for the completers of PACE in the AT analyses
showed similar improvements, as we found a decrease in
pain and increases in upper and lower extremity function.
In our study, additional improvements for completers
were decreases in fatigue and stiffness and an increase in
self-efficacy for managing arthritis.

Statistically significant differences were reported for
certain symptoms and self-efficacy for managing arthritis
in our ITT analyses, but fatigue and arthritis self-efficacy
were possibly the only meaningful changes. Meaningful
change for the 100-mm pain VAS was reported as 17-18
mm, which is substantially more than the range we found
in the literature (6.8—8.2) (38). In patients with RA, a
meaningful change of 6.7-17.0 on the 100-mm fatigue VAS
has been reported, and we found changes of 7.4-9.2 (39).
We found changes of 5.1-6.8 on the RASE, and a 5-point
increase is reported as meaningful (31).

Among completers, we did not find meaningful changes
in exercise endurance as measured by the 6-minute walk
test, in function as measured by the HAQ, or in overall
physical activity. A limitation of this study is that we only
evaluated the basic PACE program, which focuses primar-
ily on range-of-motion and low-resistance exercises, so it
is not surprising that endurance and overall physical ac-
tivity did not improve. Although one might expect im-
provement in symptoms to lead to decreased disability,
our participants’ improvements in symptoms may not
have been great enough to cause changes in their HAQ
scores. The HAQ may not have been the best instrument to
measure change for an 8-week followup period (40,41). In
addition, our measure of physical activity, the PASE, may
not have been sensitive enough to capture changes in
overall activity in this group of older adults. The PASE has
been shown to have adequate reliability and validity, but
data are insufficient on the instrument’s responsiveness to
change over time (42).

Nonprobability sampling causes participant bias toward
self-selection, but this population is representative of par-
ticipants in these types of programs. Another limitation is
that almost one-third of the participants did not complete
at least half of the PACE classes. In a qualitative evaluation
of the PACE program, noncompleters of the program re-
ported arthritis-related illness or insufficient physical
challenge as a key barrier to class participation, whereas
completers reported personal or family illness as the pri-
mary barrier (43).

Six months after participants completed PACE, pain and
fatigue were still significantly better than at baseline, but
disability measured by the HAQ and self-efficacy for phys-
ical activity were worse. The subset of participants who
reported continuing the PACE exercises at home main-
tained improvement, compared with baseline, in all symp-
toms (pain, fatigue, and stiffness) and declined only in
self-efficacy for physical activity, suggesting that contin-
ued participation in exercise imparts additional benefits.
Why participants had a decline in self-efficacy for exercise
from baseline to 6 months is not clear, but it may be related
to the fact that participants understood the benefits of
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Table 5. Outcomes for intervention group at 3 and 6 months after attending the People With Arthritis Can Exercise (PACE)
program (as-treated analysis)*
Outcomes 0 week 8 weeks 3 months 6 months
Intervention group (n = 152)
Symptoms (mm on VAS)t
Pain (n = 114) 49.3 37.7% 41.4% 41.5%
Fatigue (n = 116) 46.2 33.3% 37.9% 38.8%
Stiffness (n = 117) 42.1 34.1% 37.5 37.4
Self-reported functiont
HAQ (n = 123) 1.02 1.00 1.09 1.11§
Physical activity levelt
PASE (n = 94) 91.5 88.5 73.5% 82.9
Psychosocialq
Arthritis self-efficacy: RASE (n = 104) 107.8 109.6 106.1 105.2
Exercise self-efficacy: SEPA (n = 103) 2.67 2.73 2.58 2.43§
Depressive symptoms: CES-D (n = 100) 6.65 6.47 6.34 6.73
Perceived helplessness: RAI (n = 104) 2.34 2.22 2.32 2.21
Subanalyses of intervention group participants who
continued PACE exercises at home (n = 67)
Symptoms (mm on VAS)t
Pain (n=53) 49.9 38.0% 36.8% 37.3%
Fatigue (n=54) 43.0 29.5% 31.5% 33.0%
Stiffness (n=56) 43.0 33.8% 35.3§ 36.0§
Self-reported functiont
HAQ (n = 59) 0.96 0.92 0.98 1.04
Physical activity levelt
PASE (n = 51) 99.4 90.0 84.4§ 85.6
Psychosocialq
Arthritis self-efficacy: RASE (n = 54) 108.1 110.3 105.8 105.3
Exercise self-efficacy: SEPA (n = 53) 2.87 2.89 2.86 2.59§
Depressive symptoms: CES-D (n = 53) 5.94 5.35 5.33 5.80
Perceived helplessness: RAI (n = 52) 2.30 2.18 2.18 2.19
* Values are the mean. n = individuals measured at both baseline and 8 weeks and at least at 3 or 6 months; see Table 1 for additional definitions.
Higher scores for functional mobility, aerobic endurance, PASE, RASE, and SEPA reflect better health. Lower scores for symptoms, self-reported
function (HAQ), measured function, depressive symptoms, and perceived helplessness (subscale of the RAI) reflect better health.
1 Adjusted means based on a repeated-measures mixed-effects linear regression model with a random intercept by site and adjusted for baseline
outcome, sex, age, race, education, comorbidity, self-efficacy (RASE and SEPA), depression (CES-D), and helplessness (RAI).
F P < 0.01 for the difference from baseline adjusted mean.
§ P < 0.05 for the difference from baseline adjusted mean.
q Adjusted means based on a repeated-measures mixed-effects linear regression model with a random intercept by site and adjusted for baseline
outcome, sex, age, race, education, comorbidity, HAQ, PASE, and pain VAS.
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