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OBJECTIVE: The purposes of this pilot study were to deter-
mine if a combined dietary and exercise intervention would
result in significant weight loss in older obese adults with
knee osteoarthritis, and to compare the cffects of exercise plus
dietary therapy with exercise alone on gair, strength, knee
pain, biomarkers of cartilage degradation, and physical func-
tion.

DESIGN: Single-blind, two-arm, randomized clinical trial
conducted for 24 weeks.

SETTING: A university health and exercise science center.

PARTICIPANTS: Twenty-four community-dwelling obese
older adults aged = 60 years, body mass index = 28, knee
pain, radiographic evidence of knee osteoarthritis, and selt-
reported physical disabiliry.

INTERVENTION: Randomization into two groups: exer-
cise and diet (E& D) and exercise alone (E). Excrcise consisted
of a combined weight training and walking program for 1
hour three times per week. The dietary intervention included
weekly sessions with a nutritionist utilizing cognitive-
hehavior madification to change dietary habits to reach a
group goal of an average weight loss of 15 b (6.8 kg) over 6
months.,

MEASUREMENTS: All measurements were conducted at
bascline and 3 and 6 months, except for synovial fluid anal-
ysis, which was obrained only at baseline and 6 months. In
addition, weight was measured weekly in the E&D group.
Physical disability and knee pain were measured by self-
report and physical performance was measured using the
6-minute walk and stair climb tasks. Biomechanical testing
included kinetic and kinematic analysis of gait and 1sokinetic
strength testing. Synovial fluid was analyzed for levels of total
proteoglycan, keratan sulfate, and interleukin-1 3,
RESULTS: Twenty-one of the 24 participants completed the
study, with one dropout in the E&D group and two in the E
group. The E&D group lost a mean of 18.8 |b (8.5 kg) at 6
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months compared with 4.0 Ib (1.8 kg) in the E group (P =
A01). Significant improvements were noted in both groups in
selt-reported disability and knee pain intensity and frequency
as well as in physical performance measures. However, no
statistical differences were found between the two groups at 6
months in knee pain scores or self-reported performance
measures of physical tunction, There was no difference in
knee strength between the groups, with both groups showing
modest improvements from baseline to 6 months. At 6
months, the E&D group had a significantly greater loading
rate (P = .03) and maximum braking force (P = .01) during
gait. There were no significant between-group differences in
the other biomechanical measures. Synovial fluid samples
were obtainable at both baseline and 6 months in eight
participants (four per group). The level of keratan sulfate
decreased similarly in both groups from an average baseline
of 9.8 = 37.1 to 71.5 + 23 ng/ug total proteoglycan. The
level of IL-1 decreased trom 25.3 £ 9.8 at baseline to 8.3 =
6.1 pg/mL. The decrease in IL-1 correlated with the change in
pain frequency (r= =077, = .043).

CONCLUSIONS: Weight loss can be achieved and sustained
over a 6-month period in a cohort of older obese persons with
osteoarthnitis of the knee through a dictary and exercise
intervention. Both exercise and combined weight loss and
exercise regimens lead to improvements in pain, disabilicy,
and performance. Moreover, the trends in the biomechanical
data suggest that exercise combined with diet may have an
addinonal benefit in improved gait compared with exercise
alone. A larger study s indicated to determine if weight loss
provides additional benefits to exercise alone in this parient
p(;pulation. J Am Geriatr Soc 48:1062-1072, 2000,
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O steoarthritis is the most common rheumaric discase and
currently affects over 20 million Americans, mostly
older adults."* Joints affected by osteoarthritis are character-
ized by degradation and loss of articular carulage.** Carri-
lage loss 1s accompanied by hypertrophic changes in neigh-
boring bone, appearing as sclerosis and osteophytes. The
major symptoms of osteoarthrius, which occur in 25 to 50%
of persons with radiographic evidence of the disease, are joint
pain and stiffness.*” The joint damage and chronic pain from
osteoarthritis lead to muscle atrophy, decreased joinr range
of motion, instability, and, ultimately, to physical disabili-
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v Indeed, the high prevalence, long duration, pain, and
lmited efficacy of therapentic drugs make osteoarthrios one
ol the most frequent canses of physical disability in older
adules,”

The knee is the most often aftecred weight-bearing jomnt
and s second only o the hand as the most common site of
osteaarthriris. In certain populations, the mcidence of symp-
tomatic knee osteoarthrics is higher than hand or hip osteo-

cthrins,” In addition to age,™ ' obesity is strongly associ-
W with the development of knee osteoarthrits, ="
vreover, obesity exacerbates pain and disability once the
Cisease is climcally manifest.' The first National Health and
Mutmnon Exammation Survey (NHANES [) epidemiologic
follow-up study found that greater body mass index (BMI) at
age 40 years was a major factor contmbuoung 1o disabihty 10
vears larer.!

Obesitv s a preventable and modifiable risk factor. In the
Framingham Knee Osteoarthring Study, weight lass Signifi-
cantly decreased the risk of subsequent development of symp-
tomatic knee osteoarthrins, '™ Weight loss is often recom-
mended for obese patients with knee ostenarthrits and is
meluded in recent American College of Rheumatology guide-
lines for the medical management of hip and knee osteoar-
thrins,"™ The teasibility and porenuial benetivof a weight loss
wogram for patients with knee osteoarthrins, however, has

i been established,
Acrobic exercise 15 a safe and cftective noninvasive ther-
v for osteaarthritis that improves physical function and
rehieves symptoms, with eftects comparable to those associ-
ated with drug therapy.™ ! Indeed, oxercise maintains or
increases joint range of mouon, enhances stabiliry, and im-
proves functional mobility and muscular strengeh,®*2?
Moare specitically, a program of supervised htness walking
and education improved functional status without exacerba-
tion of arthritis-related symproms in a cohort of persons aged
40 vears and older with knee osteoarthrins,™ Furthermore,
physical conditioning exercises have helped improve aerobic
capacity, walking nime. and even depression in persons with
rhenmarord arthritis and osteoarthritis, ™ Recent work from
our laboratory has shown, however, that exercise without
Fetary mtervention in an older osteoarthritic cohort im-
oves physical lunetion but does nor result in sigmificant
vight loss,”™ The purposes of this pilot study were to deter-
me if 4 combined dietary and exercise mtervention would
resule o signifcant weight loss in older, obese adults with
knee osteoarthritis, and to compare the effects of exercise plus
dictary therapy with exercise alone on gait, strengeh, knee
pain, biomarkers of cartilage degradavon, and physical fune-
tion.

METHODS
Design
This study was a single-blind, randomized clinical trial
designed ro derermime the effects of 6 months of exercise, and
enereise and LHCI;\\“)-‘ interventions on weight loss, knee pain,
vait mechanics, knee strength, physical performance, and
novial Hud briomarkers of cartilage degradarion in older,
se adults with knee osteoarthritis. The study was ap-
ved by the unversity institutional review board.

sucipants
The chigibility criteria tor parucipation in the study were:
Cage =60 vears: (2) caleulated BMI = 28 (BMI = weight/
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height (kg/m?)): (3) knee pain on most davs of the month; (4)
self-reported difficulty inar least one of the following activi-
ties ascribed ro knee pam: walking one quarter mile (three 1o
four city blocks); climbing stairs, bending, stooping, or kneel-
ing (c.g.. to pick up clothes): shopping, housecleaning, or
other self-care activities; getting in and out of bed; standing
up from a chair; ifting and carrying groceries: or getting in
and out of the bathtub; (5) radiographic evidence of tibio-
femoral osteoarthritis as determined by a single observer and
based on weight-bearing anteroposterior X-ravs'”; and (6)
willingness to undergo testing and intervention procedures,
Potential participants were excluded if they: (1) had a
seripus medical condition that prevented safe participation in
an exercise program; (2) planned to leave the arca or be
admitted to a nursing home within the next & months; (3}
were unable to walk ar least 420 ft in 6 minutes withour a
cane or other assistive device; (4) were unable ro walk on a
treadmill without a cane or other assistive device; (5) were
participating in a regular exercise program more than one
time per week for 20 minutes per session; (6) were participat-
ing in another rescarch study; (7) were unable to participate
in most of the facility-based intervention: or (8) would not be
able to complete the protocol, in the opmion of the clinical
staff, because of fraileyv, illness, or other reasons.
Participants who met the inclusion criteria had a physical
examination and an exercise stress test to exclude for cardin-
vascular disease. Upon meering all eligibihiey requirements
they completed baseline testing then were randomized into
two groups: exercise and diet (E&D) (n = 13), and exercise
(E) only (n = 11]. All participants were encouraged to con-
tinuc medications and other treatments as prescribed by their
physicians. No attempts were made to alter medication regi-
mens or to manage the participants’ medical problems, in-

= o ¢ . ]
cluding osteoarthritis. First aid and emergency care were

available for the participants, if necessary. The use of acet-
aminophen and cold or heat packs was recommended if
needed. Descriprive charactenstics of the two groups are
shown in Table 1,

Interventions
Exercise } !
Both groups exercised 3 days per week, | hour per day,
for 6 months. The exercise program consisted of a combina-
tion of aerobic walking and strength traming exercises. Ex-
ercise sessions began and ended with S-mimute warm-up and
cool-down periods. The exercise phase included two 10-
minute walking sesstons separated by 20 to 30 minutes of

Table 1. Descriptive Characteristics {Mecan = SE) of the Exercisc
and Exercise and Dict Groups

Exercise Exercise and Diet
n=11) (n =13)
Age (years) 69 =5 67 + 4
Weight (Ibs) 239 = 37 201 + 28
BMI tkg/m”) 38+ 6 356
Gender
Male 4 3
Female 7 10
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strengeh tramming, Participants were provided with an aerobic
exercise prescription that included walking within a heart
rite range of S0-735% of heart rate reserve. Each strength
rraming session consisted ot 10 to 12 repetitions of the
following exercises: leg extension, toe raise, leg curl, military
press, upright row, chest tly, and pelvic tilt. Upper body
exercises were performed with dumbbells and lower body
exercises with cuff weights. A 1- to 1.5-minute rest interval
separated each exercise. All exercise sessions were supervised
by American College of Sports Medicine certifed exercise
leaders. Exercise and atendance logs were used to gather
dara and monitor progress.

Dietary therapy

The primary objective of the dietary therapy was a group
mean weight loss of at least 15 |b (6.8 kg) over the 6-month
intervention period. The E&D group paroicipared ma 1-hour
nutrition class cach week. Partcipants were instructed on
how to modify caloric intake in the context of a well-
balanced, nutritious diet o lose body weight. Cognitive-
behavioral modification serategies were used to promote be-
havior change.”™ After an introductory session, three group
sessions and one individual session were held monthly. Each
group session was used to review a topig, followed by food-
tasting of several well-balanced, low-fat, nutritious meals,
prepared with widely available food products. The individual
sessions were used to answer questions, solve problems, and
set goals. Weight for those in the E&D group was measured
weekly and recorded to the nearest 0.1 b, Parncipants were
provided a packet containing 4-dav food records along with
the necessary instructions for proper completion, and a cal-
endar marked with the davs in which the record was ro be
kept. Food records were complered at baseline and 3 and 6
months by all participants. In addition, the E&D group kept
tood records 4 davs per week for the duration of the trial.

Mecasurements

Data collection visits occurred at baseline and 3 and 6
months, and included the recording of body weight, comple-
ron of self-report questionnaires, physical performance tests,
and analysis of gait. Synovial fluid aspiration was performed
at baseline and 6 months. Age, race, educational attainment,
income, and comorbid condition data were obrained by
sclf-report at baseline. The data collection staff was blinded
to the group assignment of the participants.

The frequency and intensity of knee pain during ambu-
lation and transfer were assessed using a scale specifically
developed for patients with knee osteoarthritis.”” Briefly,
subjects rated the frequency of knee pain during the past
week on six acrivities of daily living using Likert scales from
I (never) to 5 (always). In addition, the subjects were asked to
rate the intensity of knee pain durimg the past week on Likert
scales trom | (no pan) w 6 {excruciating pain) during the
same six activities. Ambulation activities included walking a
short distance and up and down a flight of stairs, while
transfer acovites included getting in and out of a bed, car,
and chair. Scores for cach acuvity were averaged to give
frequency and intensity pain scores for ambulation and trans-
for acrivities.”

Disabiliry was measured by sclt-report of physical fune-
pon using the Fitness Arthritis and Sentors Trial (FAST)
Functional Performance lnventory ™ This measure uses 23
questions to assess pereeived difficulty with a number of
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activities, including activities of daily living (ADLs), complex
or instrumental ADLs, ambulation, transterring, and upper
extremity strength. For each activity, the participants were
asked, “How much difficulty, it any, do vou have doing
{name of activity), over the past month, because of your
health?” The scale tor each guestion ranged from 1 (no
difficulty) to 5 (unable to do). Torals were added and aver-
aged to generate a summary score. Ambulation, transter, and
summary scores are presented here.

Two physical performance tasks, with high test-retest
reliability (=0.85) for patients with knee ostcoarthrits, were
administered.”™ These mcluded rthe distance walked in 6
minutes and a timed stair chimbing rask.”™ General mstruc
tions, a demonstration, including a question-and-answer pe-
riod, and a habituation period preceded the testing. Partici-
pants were asked to perform both tasks as quickly as possible
without wearing a watch. No cues or encouragement were
given during the tesung,

Biomechanical measures of function included kinematic
and kinetic analyses of gait and isokimetic strength testing,
Two days before each test interval (baseline and ¥ and 6
months), subjects’ freely chosen walking speeds were assessed
using a Lafayerte Model 63501 photoelectric control system
interfaced with a digital timer. The photocells were posi-
toned 7.3 m apart on an elevated walkwav. After rhree
practice trials, subjects traversed the 7.3-m course six nimes,
Freely chosen walking speed was calculated as the mean of
the six trials. This speed (£3.5%) was used n all subsequent
gait evaluations for the particular test period. To control tor
the effects of footwear on gait, cach subject wore a pair of
Etonic Stable Air Base athleric shoes during testing, Clothing
consisted of a close fitting sleeveless shire and nvlon gem
shorts.

Kinematic analysis was performed using high-speed
video analysis (60 Hz) with a Motion Analysis Corporation
60/200 Hz monochrome video camera intertaced to a VP 320
dynamic image processor, a Panasonic 60-Hz VHS video
recorder, and a microcomputer. The camera was positioned
5.28 m from and perpendicular to the subjects’ lareral side.
Reflective markers, used to ard compurer digitizanion, were
placed on cach side of the subject in the following locations:
acromium process, thac crest, greater trochanter, joint line of
the knee, lower third of the tibia, calcancus, and htth meea-
tarsal.

Using the photoelectric timers mentioned above, the
subjecrs were instructed to walk along a 22.5-m walkway ar
their freely chosen walking specd (+3.5%), The raw data
were smoothed using a Butterworth low-pass digital Hlter
with a cutoft frequency of 6 Hz. The kinemane variahles
calculated included knee and ankle ROM (ie., roral range of
motion in one gait cyele) and mean absolute angular velog
ties (1.c., velocity averaged across the stance and swing
phase); knee and ankle maximum texion and extension
angular velocities; walking velocity (centimerers per second )
stride length; cadence (steps per minute); and stance nme.
Selection of the knee and ankle joints for analvsis was bused
on previous work that showed thar long-term exercise infly
enced knee and ankle kinematics but had no positive ettect on
hip kinematics.”” Three videotaped trials tor the most at-
fected and least affected sides were analvzed and averaged to
vicld representative values for cach subject. All joint angles
were positive in tlexion (dorsiflexion) and negative in esten-
sion (plantar tlexion),
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Kinetic analysis was performed afrer completion of the
kinemanc analysis and a subsequent rest period. Ground
reaction foree data were collected as subjecrs walked along
the same walkway, The walkway was cquipped with an
AMTI torce platform interfaced with a six-channel amplifier
and a microcomputer. The force platform was mounted in
concrete within the walkway and was set to sample data at
SO0 Hz, Walking speed was monmitored as noted above.

Each subject was mstructed to walk along the walkway
at their freely chosen walking speed (+ 3.5%) and contact the
torce platform i normal stride with either the right or left
foot. Sufficient practice time was allowed to habiruate the
subjects to the testing environment. The order of trials (i.e.,
right vs left foot} was randomized to limit any practice effect.
Anacceprable trial constituted walking within the designated
range of velocities and contacting the foree platform with the
correct toot while maintaining normal gait mechanics. Three
acceptable mmials were obtained for each foot and averaged to
vield representanive values. The force variables sclected for
analysis included the vertical and anteroposterior (braking
and propulsive) components of the ground reaction force.

Knee concentric strengrh was assessed using a Kin-Com
I25E 1sokinetic dvnamometer. Before testing, a warm-up
period was provided to habituate the subjects to the testing
cquipment, Each subject was secured with the torso and
tested leg strapped to the tesung chair, hands across the chest,
the axis of the dynamometer aligned with the knee, and the
resistance pad attached to the lower leg proximal to the ankle
joint. Gravity effecr torque was calculated based on the
subject’s leg weight at a 43° angle, An angular velocity of 30°
per second wias used for all tests. The activation force for each
muscle group was set at 50% of maximal voluntary isometric
contraction. Sctting of a relatively high activation force was
based on reports that the amount of activation force signifi-
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cantly influences the magnitude of the average force record-
Cd.m,?l

Knee extensors and knee flexors were tested through a
joint arc from 20° to 307 (0° = full extension). The first and
last 10° were subsequently deleted to account for the accel-
eration and deceleration of the dynamometer at the ends of
the range of motion, and also to account for possible incon-
sistent effort.'* Hence, average force was caleulated as the
average force berween joint angles of 40% and 80°. A rest
period of 30 to 40 seconds was used between each rtrial.
Subjects were instructed to give a maximal efforr, Two max-
imal reproducible trials were averaged and the maximum
number of trials for each test condition did not exceed six .**
The most affected leg was tested tor each test.

Synovial fluid biomarker measurements were performed
using fluid obtained from the most symptomatic knee jont. A
minimum of 0.5 mL ot luid was required for the biomarker
assays. Immediately after aspiration, the fluid was centrifuged 1o

- remove cell debris and then frozen at —70°C until completion of

the study when the samples were assayed for total sulfated
proteoglycan (PG}, keratan sulfare (KS) PG, and interteukin-18
(I1-1}. Total sultated PG was measured by its ability to bind o
the dyve dimethymethylene blue (DMMB assay) as previously
described. % KS was measured using the monoclonal antibody
5D4 in an inhibition ELISA.** The 5D4 anubody and purified
PG standard were kindly provided by Dr, Bruce Caterson, Uni-
versity of Wales ar Cardiff. Enzyme-linked immunosorbent as-
say (ELISA) plates (Dynatech Immulon 2 plates; obtained from
Dynatech Laboratories, Chantilly, VA) were coated overnight
with chondroitinase ABC-digested bovine nasal cariilage A1D|
purified PG {25 ng/mL of post-chondroitinase digestion product
n 20 mn sodium carbonate, pH 9.6). After washing and block-
ing with 1% bovine serum albumin, samples predigested with

B

Table 2. Knee Pain Intensity and Frequency Scores During Ambulation and Transfer Activities Across the 6-month Intervention Period

Adjusted P-value
Variable Group Baseline 3 Months 6 Months %A (Within Group)
Ambulation intensity E 1.68 1.57 40 0327
2.60 (0.53) (0.41) )
E&D 1.74 2.21 15 307 7
(0.29) (0.36) ’
Ambulation frequency E 2.88 2.21 39 .067
3.60 (0.80) {0.66)
E&D 2.59 2.10 42 .029°
(0.45) (0.59)
Transfer intensity E 215 1.60 32 .151
2.34 {0.13) {0.14)
E&D 1.66 1.57 33 .089
(0.33) (0.41)
Transfer frequency E 3.1 1.99 38 .022”
3.21 (0.60) (0.33)
E&D 2.37 1.72 46 .004"
{0.33) (0.42)

Adjusred hasehne and 3- and &-manth mean values (£ SE} plus the % change from adjusted baselme values 1o 6 manths are presented

Seales: mtensry 11

Nt a positive value tor e & denotes an pmprivement trom baseline,
Warhin group diference: & months < haseline,

I~ eaercise; D — exerone and diet.

TONE PN BB - eNCTUGIAtINgE g and freguency (1 - never o § = alwavys),
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Table 3. Physical Performance Measures Across the 6-Month Intervention Period

Adjusted P-value
Variable Group Baseline 3 Months 6 Months %A {Within Group)
6 minute walk (ft) E 1649 1718 22 <.001"
1408 (58) (41)
E&D 1700 1821 29 <.001"
(55) (36)
Stair climb (seconds) E 8.19 8.67 12 .005"
9.81 (0.40) (0.36)
E&D 8.08 7.397 25 =.001*
(0.39) (0.32)
Adjusted baseline and 3 and 6-month mean values { =SE) plus the % change from adjusted baseline values to 6 months are presented.
Motet a positive value tor %A denotes an improvement trom bascline.
*Within-group diference: 6 months different from baseline.
TBetween-group difference: E&D < E, P — 0.02,
E = exercse; E&D = exercise and diet,
Table 4. Self-reported Physical Function Measures Across the 6-Month Intervention Period
Adjusted P-value
Variable Group Baseline 3 Months 6 Months %A (Within Group)
Ambulation E 1.97 2.00 25 .0o02*
2.65 (0.18) (0.18)
E&D 2.12 1.64 38 <.001"
(0.17) (0.16)
Transfer E 1.52 1.50 20 003"
1.88 (0.11) (0.11)
E&D 1.52 1.44 23 =<.001°
(0.11) (0.10)
Summary score E 1.51 1.48 17 .008"
1.77 (0.09) (0.10)
E&D 1.58 1.42 20 <.001"
(0.09) (0.09)

Adjusted baseline and 3- and 6-month mean values | £5E) plus the % change from adjusted baseline values to & months are presenred.

Scales: 1 = no dificuley 1o 3 = unable to do,

Note: a positive value for "0A denotes an improvement trom baseline
F = exercise, E&D = exercise and diet,

*Within-group difference. & months < baseline,

hyaluronidase were serally diluted and added to the coated
wells along with serially diluted standards of the coating PG. A
1:100,000 dilution of 5D4 was then added to rhe wells and the
plates were incubated for 2 hours at 37°C followed by a second
antibody (rabbit ant-mouse IgG at 1:5000) and colorometric
detection. Results for the samples were calculated from the linear
portion of the standard inhibition plot. Intra- and interassay
coefhicients of varianon were less than 5%. The quantification of
IL-18 was by sandwich ELISA with amplification using an
enzyme-linked coagulation assay (ELCA) to increase the sensi-
tivity of the assay. ™ Microtiter plates {NUNC) were coated with
a monoclonal antibody against human IL-18 (R&D Systems,
Minneapolis, MN) at | pg/mL and blocked with 1% bovine
serum albumin. Synovial fluid samples and IL-1 standards from
1600-2.2 pg/mL (IL-13 from Cistron Biotechnology, Pine
Brook, NJ) were next added to the coated wells followed by a
1:1000 dilution of polyclonal anti-human [L-13 (Sigma, St.
Louts, MO} labeled with Russell’s viper venom. The plates were
incubated overmght at 4°C. Unbound matenal was washed out

and bound antubody was detected with the ELCA system as
described.*’ .

Statistical Analysis

After eligibility was determined, subjects were random-
ized to one of the two groups. The eftects of the interventions
on weight loss, knee pain, gait mechanics, physical perfor-
mance, and knee strength at 6 months postrandomizarion
were determined by repeated measures analysis of covariance
(ANCOVA). Analyses were conducted using SAS PROC
MIXED,*® which analyzes all available follow-up informa-
tion. Analyses of group differences were adjusted for the
prerandomization levels of baseline factors. This comparison
adyusts for small random imbalances between the groups and
provides for a precise and unbiased estimate of trearment
effects. All reported P-values are two-sided.

In addition, within group pre-post intervention compar-
isons were estimated and rtested using repeated measures
analyses. These results are similar to a paired f rest.
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Figure 1. Temporal characteristics of gait across the 6-month intervention period for the exercise and exercse and dier groups.
Vdjusted baselme (0} and 3- and 6-month data are presented. (A) Walking velocity, (B} cadence, (C) stride length, and (D) stance time.

i effect

RESULTS
Retainment and Compliance

Twentyv-one (87.5%) of the 24 participants completed
the study., One participant from the E&D group and two
from the F graup dropped out. One did not wish to continue,
one left for medical reasons, and the third subject left for
family illness. Percent compliance to the exercise program
was defined as the ratio of the number of exercise sessions
attended to the number of exercise sessions prescribed. Com-
phance was 82.6% and 94.7% for the £ and E&D groups,
respectively.

Veight Loss, Knee Pain, and Physical Performance
After adjusting for bascline differences in body weight,
e F&D group werghed significantly less (P = .007) than the
group after the 6-month intervention. The exercise group
lost an average of 4.01b (1.8 kg ), whereas the E& D group lost
m average of [8.8 [b (8.5 kg).

or clarity, the mean SE across the twao intervention groups is shown only at baseline, * Denotes significant (P = .03) betweensgroup

Both groups showed similar and significant improve-
ments in ambulation and transfer pain measures. The range
of improvements for the E group was 32 to 40% from
adjusted baseline values, whereas the E&D group’s improve-
ments ranged from 15 to 46% (Table 2). There were no
significant differences in knee pain frequency or intensity
between groups after the 6-month intervention.

There was a significant difference in the stair climb
physical performance task berween the groups (Table 3). The
E&D group improved stair climb time by 25%, whereas the
E group improved 12%. There was, however, no between-
group difference in 6-minute walk distance. Both groups
improved walk distance from bascline. More specifically, the
distance walked increased by 22% and 29% in the E and the
E&D groups, respectively.

There were no significant between-group differences in
adjusted 6-month self- reported measures of physical func-
tion. The greatest mean percentage change from adjusted
baseline values was noted in ambulation, with a 25% im-
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provement in the E group and a 38% improvement in the
E&D group {Table 4).

Gait Mechanics
Temporal Characteristics

There was a significant group main effect for normalized
stride length, with the E&D group exhibiting a longer stride
length consequent to the 6-month intervention than the E
group (P = .03). There were no between-group differences in
stance nime, walking velocity, or cadence (Figure 1A-D).
Finally, there were significant within-group effects, with
6-month values being greater than baseline values for walk-
ing velocity, cadence, and stride length (P = .05). Stance time
was significantly shorter (P = .01) at 6 months relative to
baseline in both groups.

Kinematics

Analysis of knee and ankle kinematic variables revealed
no significant berween-group main eftects. Generally, knee
and ankle range of motion and angular velocities increased
across the 6-month intervention for both groups. Of partic-
ular note was the significantly greater knee mean angular
velocity within the E&D group at 6 months relative to the
haseline value (Table 5).
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Kinetics

The E&D group showed significantly greater loading
rate (P = .02) (most affected leg) and maximum braking force
(P < .01) values than the E group atter the 6-month interven-
tion. In general, the magnitude of all the force variables
increased for both groups across the 6-month intervention.
These dara are presented in Table 6 and Figure 2.

Muscular Strength

Analysis of the strength data using an ANCOVA re-
vealed no significant differences m mean concentric fexion
and concentric extension between the groups (Figure 3).
Strength values tended to increase more from baseline to 6
months in the E group compared with the E&D group.

Synovial Fluid Biomarkers

Synovial fluid samples (average of 1.4 mL; range, 0.5-4
mL) were obtained at both baseline and at 6-month
follow-up in only 8 of the 24 subjects. At basehine the re-
quired minimum of 0.5 mL of fluid was aspirated from 14 of
the 24 subjects, with the other 10 subjects having insufficient
amounts of fluid aspirated. At the 6-month follow-up, reaspi-
ration of the same joint was attempted in the 14 subjects who
had sufficient fluid obtained at baseline and at least 0.5 mL of
fluid was obtained in 8 of the 14. Levels of KS did not change

Table 5. Knee and Ankle Joint Range of Motion and Angular Velocities Across the 6-Month Intervention Period

P-value
Adjusted (Within
Variable Group Baseline 3 Months 6 Months %A Group)
Knee ROM (degrees) E 55.42 56.73 3 70
55.27 {0.62) {1.02)
E&D 57.05 56.47 2 209
{0.59) (0.91)

Knee mean velocity E 115.72 117.44 F 036"
(degrees/second) 110.05 (2.87) (3.28)

E&D 117.03 122.70 12 <.001"
{2.75) (3.00)

Knee maximum extension E —368.84 ~-367.38 & .359
velocity —356.36 (8.64) (11.71) .
(degrees/second) E&D —374.10 ~385.94 8 011

(8.27) (10.42) B

Ankle ROM (degrees) E 29.77 31.56 7 037"

29.64 (0.77) (0.86)
E&D 31.74 31.66 7 .014°
(0.74) (0.75)

Ankle mean velocity E 77.23 79.75 11 .ooz2*

{degrees/second) 72.00 (1.94) 2.1
E&D 81.33 83.25 16 .001"
(1.87) {1.87)

Ankle maximum E -282.25 ~289.89 a .032*
plantarflex velocity —267.25 (6.08) {9.81)

(degrees/second) E&D —296.44 ~301.19 13 =.001"
(5.85) (8.68)
Adpusted basehne and 3 and 6-month mean values [ +SE) plus the % change from adjusted basehine values to 6 mionths are prosented,

Mores a posinve valae tor " denotes an improvement from baseline.
MNegatuve velociy values denote extension and plantarflexion movement.
E = exercise: F&D — exercise and diet.

“Within-group ditterence: 6 months = baseline.
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Table 6. Vertical and Anteroposterior Ground Reaction Forces Across the 6-Month Intervention Period

P-value
Adjusted {Within
Variable Group Baseline 3 Months 6 Months %A Group)
Vertical impact peak E 1.05 1.06 3 .049"
(% BW) 1.03 {.01) (.01)
E&D 1.06 1.08 5 =.001"
(0.01) (0.01)
Vertical propulsive peak E 1.00 1.01 1 .096
(% BW) 1.00 (0.01) (0.01)
E&D 1.00 1.01 1 .059
(0.01) (0.01)
Maximum braking E 0.158 0.1647 13 .003"
(% BW) 0.145 {0.01) (0.01)
E&D 0.172 0.185 28 <.001"
(0.01) {0.01)
Maximum propulsive E —0.179 -0.179 9 <.010*
(% BW) -0.165 {0.01) (0.01)
E&D -0.182 —0.186 13 =.001"
(0.01) (0.01)

Adjusted basehne and 3- and 6-monrh mean values | = 5E) plus the pereentage change from adjusted baseline values to 6 months are presented.

Nate; a positive value for %A denotes an improvement from baseline,
E = exercise; F&ED = exercise and diet
Within-group difference: & months = baseline,
"Rerween-group difference: E&D = E, P = 0.01.
BW = Body weight.

significantly during the study. The baseline level of KS was
2.81 = 1,15 pg/mL and the final level was 2.20 + .62 ug/ml.
The proportion of K$ to total PG, measured using the
DMMB assay, decreased from 96.83 = 37.11 ng KS/pg rortal
PG at baseline to 71.50 = 23.01 ng KS/ug PG at the end of
the study, but this also did not reach statistical significance.
Levels of IL-18, an inflammatory cytokine that may play an
important role in mediating cartilage degradation in osteoar-
thrits,'**" decreased significantly (P < .04} from 25.325 =
9.75 pg/mL at baseline to 8.306 = 6.112 pg/ml. at study
complerion (Figure 4). A correlation analysis was performed
with change in IL-1 level and change in the pain scores. The
decrease in IL-1 was found to correlate with the decrease in
total pain frequency (r = —0.77, P = .04) but not intensity
(r= ~0.04, P = .922).

DISCUSSION

Using a dietary intervention combined with exercise, we
achieved a significant weighrt loss in a cohort of commumity-
dwelling, older, obese adults with disabling knee osteoarthri-
tis. Weight loss is frequently recommended to overweight
patients with knee osteoarthritis; however, to our knowledge
this is the first study to demonstrate that significant weight
loss can be realized in this population. Although the amount
of weight loss necessary to be of clinical benefit for patients
with knee osteoarthritis 1s unknown, the average weight loss
ot 18.8 Ib (8.5 kg) noted in our E&D group exceeded the
11-1b (5-kg) average that Felson and colleagues™ showed can
result in a 50% decrease in the odds of developing knee
osteoarthritis 10 years later. Parenthetically, exercise without
specific dietary intervention resulted in only a 4.0-1b (1.8 kg)
weight loss,

The E&D group showed greater berween-group im-
provements i measures where weight may have a greater

effect. Specifically, relative to the E group the EXD group
significantly improved stair climb time and stride length and
had nonsignificant improvements in walking velocity, ca-
dence, and 6-minute walk. These data suggest that the sub- *
jects in the E&D group may have had better mobility during
activities of daily living than their E group counterparts.

Walking velocity is the product of stride length and
cadence. At cadences less than 120 steps/minute, an increase
in walking velocity is accomplished by increasing stride
length and cadence equally.?’ Indeed, this was the case in our
cohort. More specifically, cadence and stride length increased
3% and 4%, respectively, from adjusted baseline valges in
the E group, while 7% and 9% increases in these variables
were found in the E&D group. The significantly greater stride
length and, to a lesser extent, the 4% higher cadence in the
E&D group accounted for this group’s marginally greater
walking velocity.

In a recent study from our laboratory, we found that
long-term exercise in an older, ostecarthritic population im-
proved walking velocity relative to an attention control
group.”” Furthermore, the cvaluation of lower extremity
function showed that greater knee and ankle angular veloci-
ties were distinguishing characteristics of the exercise groups
relative to the control group. In the present study, there were
significant increases in knee and ankle joint velocities over the
6-month intervention in both groups with the E&D group
consistently demonstrating higher values (Note: there were
no between-group differences). Although these data do not
provide evidence that weight loss provided an added benefit
to exercise in improving knee and ankle function, the trends
suggest that further study using a larger sample size 1s war-
ranted.

Previous work has shown that subjects with knee osteo-
arthritis have a limping gait.** This abnormal gait pattern is
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Figure 2. Loading rates for the most affected (A) and least
aftected (B) legs ucross the 6-month intervention period for the
exercise and exercise and diet groups. Adjusted baseline (0) and
3- and 6-month data are presented. For clanty, the mean SE
across the two intervention groups is shown only at baseline.
“Denotes significant (P = .02) berween-group main effect

characterized by greater loading rares on the least affected leg,
which the authors suggested was an attempt to shift the
body's weight from the affected leg, thereby easing any pain
and discomfort. Similarly, adjusted baseline values in the
present study showed a greater loading rate on the least
affected leg. Of interest was the ahility of the E&D group to
distribute the loads more evenly by the end of the 6-month
intervention (Figure 2), whereas the E group’s loading rates
remained unbalanced. This suggests that the E&D group was
able to eliminate or reduce the limping gait that is characrer-
istic of this population,

Improvements in walking velocity are closely related 10
the subject exerting greater forces on the ground and thereby
increasing the load placed on the lower extremity. Indeed,
both groups increased the vertical and anteroposterior
ground reaction forces as walking velocity increased. Al-
though these data suggest that both groups exerted a greater
load on the lower extremity consequent to the interventions,
they also managed to reduce knee pain and improve measurces
ot physical function. [t appears that the greater loads did not
adversely affect knee pain or measures of physical function,
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Figure 3. Mean concentric extension (A) and Hexion (B) 1soki-
netic strength across the 6- month ntervention period tor the
exercise and exercise and diet groups. Adjusted baseline (0) and
3- and 6-month data are presented. For clanty, the mean SE
across the two intervenrion groups is shown only at basehne.

Of interest to our research group is whether a similar weight
loss may result in significant long-term improvementsin pain
and physical function, 3

The improvements in measures of physical function and
pain noted in both groups are comparable to previous studies
that examined the effects of exercise interventions in patients
with knee osteoarthritis.””*"*" For example, previous stud-
ics showed an average improvement of 15% in either
6-minute walk distance or 30-foor walk time in subjects
participating in 8- to [2-week walking programs compared
with the 29% and 22% improvements in the E&D and E
groups, respectively, in our 24-week study. Moreover, im-
provements of 36% (E group} and 24 %, (E&D group) in pain
intensity, and 39% (E group) and 44% (E&D group) in pain
frequency compared favorably with the 27% and 24% im-
provements in arthritis pain in the Kovar™ and Minor®!
studies, respectively.

Previous short-term exercise studies using similar co-
horts found improvements in strength berween 9% and
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257217 The F group improved 8.8% and 14,4% in
extension and flexion strength, respectively, from adjusted
baseline values; however, the E&D group improved less than
3% from the same adjusted baseline means (Figure 3). Closer
examination of the means for the E&D group before being
adjusted for baseline differences between the groups revealed
vains of 9% and 12.4% (extension strength: 0.317 to 0.346
hody weight (BW); flexion strength: 0,178 to 0.200 BW).
Henee, the improvements in our groups were within the
range of previous studies.

In any weight loss program, loss of lean body mass is
always a concern. Further scrutiny of our adjusted strength
data revealed mimimal improvements of less than 5% across
both groups when the data were examined in absolute values
(N} instead of relative values (%BW). The loss of lean body
mass that commonly accompanies weight loss may have
contributed to the attenuated gains in absolute strength.
Morcover, a large weight loss in an older, predominately
female cohort may have an adverse effect on bone mass.
Future studies should address these issues when designing
their weight loss interventions,

The interventions did not appear to exacerbate osteoar-
thrins disease activity as measured by levels of synovial fluid
biomarkers. Although synovial fluid was only available from
8 of the 24 subjects who entered the study, a significant
decrease m the synowial fluid level of IL-18 was noted at 6
months. This inflammatory cvtokine has been detected in
joint fluids from panents with various forms of arthrits,
including osteoarthritis, and is thought to play a role in
mediating joint inflammation and cartilage degrada-
til"ln. ERe it L0 B

When comparing I1.-18 levels in osteoarthritic and rheu-
matoid arthritic patients, most studies report higher levels in
the rheumatoid arthritis cohort. This is consistent with the
highly inflammatory nature of this disease. Our study is the
first report of which we are aware that has defecréd achange
in IL-18 levels in ostevarthritis, The reduction in 1L-18 noted
over the course of the study suggests an improvement 1n
discase activity within the joint, specifically a reduction in
intlammatory acrivity. The correlation berween the decrease
in 11L-1B levels and improvement in pain frequency is consis-
tent with a decrease in inflammarory activity and indicates
that measurement of IL-18 may be a useful biomarker of
discase activity in osteoarthritis. Although it did nor reach
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statistical significance, the reduction in synovial fluid levels of
total PG and the proportion of PG measured as KS (mean
reduction of 25.33 ng KS/ug PG) are also consistent with a
decrease in cartilage degradation over the 6 months of study.

CONCLUSIONS

The results of this study demonstrate that successful
weight loss can be achieved in a cohort of older, obese adults
with symptomatic osteoarthritis of the knee through a com-
bination of dietary therapy and exercisc. The relatively small
weight loss in the E group, despite 3 hours per week of
exercise and instruction on the importance of weight loss in
the management of osteoarthritis, demonstrates the impor-
tance of specific dietary therapy and follow-up to achieve
significant weight reduction. Moreover, analysis of gair,
strength, knee pain, physical function, and biomarkers of
disease activity showed positive trends in which both groups
improved over the 6-month intervention, Improvements in
gait, knee pain, and physical function were generally better in
the E&D group. Future work using a larger cohort and a
longer intervenuon period should help clarify the positive
impact of combined diet and exercise on older adults with
disabling knee osteoarthritis.
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