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ABSTRACT

BACKGROUND

Glucosamine and chondroitin sulfate are used to treat osteoarthritis. The multi-
center, double-blind, placebo- and celecoxib-controlled Glucosamine/chondroitin
Arthritis Intervention Trial (GAIT) evaluated their efficacy and safety as a treatment
for knee pain from osteoarthritis.

METHODS

We randomly assigned 1583 patients with symptomatic knee osteoarthritis to re-
ceive 1500 mg of glucosamine daily, 1200 mg of chondroitin sulfate daily, both
glucosamine and chondroitin sulfate, 200 mg of celecoxib daily, or placebo for 24
weeks. Up to 4000 mg of acetaminophen daily was allowed as rescue analgesia.
Assignment was stratified according to the severity of knee pain (mild [N=1229]
vs. moderate to severe [N=354]). The primary outcome measure was a 20 percent
decrease in knee pain from baseline to week 24.

RESULTS

The mean age of the patients was 59 years, and 64 percent were women. Overall, glu-
cosamine and chondroitin sulfate were not significantly better than placebo in re-
ducing knee pain by 20 percent. As compared with the rate of response to placebo
(60.1 percent), the rate of response to glucosamine was 3.9 percentage points higher
(P=0.30), the rate of response to chondroitin sulfate was 5.3 percentage points high-
er (P=0.17), and the rate of response to combined treatment was 6.5 percentage points
higher (P=0.09). The rate of response in the celecoxib control group was 10.0 percent-
age points higher than that in the placebo control group (P=0.008). For patients
with moderate-to-severe pain at baseline, the rate of response was significantly high-
er with combined therapy than with placebo (79.2 percentvs. 54.3 percent, P=0.002).
Adverse events were mild, infrequent, and evenly distributed among the groups.

CONCLUSIONS

Glucosamine and chondroitin sulfate alone or in combination did not reduce pain
effectively in the overall group of patients with osteoarthritis of the knee. Explor-
atory analyses suggest that the combination of glucosamine and chondroitin sul-
fate may be effective in the subgroup of patients with moderate-to-severe knee pain.
(ClinicalTrials.gov number, NCT00032890.)
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STEOARTHRITIS IS THE MOST COMMON
of the arthritides, affecting at least 20 mil-
lion Americans, a number that is expect-
ed to double over the next two decades.t? Cur-
rently available medical therapies primarily address
the treatment of joint pain in patients with osteo-
arthritis.> Analgesics as well as traditional and
cyclooxygenase-2—selective nonsteroidal antiin-
flammatory drugs (NSAIDs) have suboptimal ef-
fectiveness,** and there is some question about
their safety, especially in the light of recent reports
of increased cardiovascular risk.>®
The dietary supplements glucosamine and
chondroitin sulfate have been advocated, especial-
ly in the lay media, as safe and effective options
for the management of symptoms of osteoarthri-
tis. A meta-analysis of studies evaluating the ef-
ficacy of these supplements for osteoarthritis®
suggested potential benefit from these agents but
raised questions about the scientific quality of the
studies. We conducted the Glucosamine/chondroi-
tin Arthritis Intervention Trial (GAIT), a 24-week,
randomized, double-blind, placebo- and celecoxib-
controlled, multicenter trial sponsored by the
National Institutes of Health, to evaluate rigor-
ously the efficacy and safety of glucosamine,
chondroitin sulfate, and the two in combination
in the treatment of pain due to osteoarthritis of
the knee.

METHODS

PATIENTS

Eligible patients were at least 40 years of age and
had clinical evidence (knee pain for at least six
months and on the majority of days during the
preceding month) and radiographic evidence
(tibiofemoral osteophytes of at least 1 mm [Kell-
gren and Lawrence grade 2 or 3]) of osteoarthri-
tis.1° Patients had to have a summed pain score of
125 to 400 on the index (more symptomatic) knee
according to the Western Ontario and McMaster
Universities Osteoarthritis Index (WOMAC)'%12
and to be in American Rheumatism Association
functional class I, II, or IIL.13 Patients were ex-
cluded if they had concurrent medical or arthritic
conditions that could confound evaluation of the
index joint, predominant patellofemoral disease,
a history of clinically significant trauma or sur-
gery to the index knee, or coexisting disease that
could preclude successful completion of the trial.

The institutional review board of each participat-
ing center approved the study, and all patients gave
written informed consent. Patients’ race or ethnic
group was self-reported.

TREATMENT REGIMENS
Eligible patients were randomly assigned with the
use of a double-dummy scheme to one of five
orally administered treatments: 500 mg of glucos-
amine hydrochloride three times daily, 400 mg
of sodium chondroitin sulfate three times daily,
500 mg of glucosamine plus 400 mg of chondroi-
tin sulfate three times daily, 200 mg of celecoxib
(Celebrex, Pfizer) daily, or placebo. Permuted-block
randomization was used with random block sizes,
stratified according to the 16 clinical centers and
baseline WOMAC pain stratum (mild, defined as
a score of 125 to 300, or moderate to severe, de-
fined as a score of 301 to 400; scores on this
scale can range from 0 to 500). The randomiza-
tion code list was developed by the Veterans Af-
fairs Cooperative Studies Program Data Coordi-
nating Center in Hines, Illinois. During data
collection, neither the clinical centers nor the
coordinating center at the University of Utah had
access to the randomization codes or statistical
summaries of follow-up data. Patients were al-
lowed to take up to 4000 mg of acetaminophen
(Tylenol, McNeil) daily, except during the 24 hours
before a clinical evaluation for joint pain. Other
analgesics, including narcotics and NSAIDs, were
not permitted. Patients were evaluated at baseline
and 4, 8, 16, and 24 weeks after randomization.

OUTCOME MEASURES
The primary outcome measure was a response to
treatment, defined a priori by expert consensus
as a 20 percent decrease in the summed score for
the WOMAC pain subscale from baseline to week
24. Secondary outcome measures, selected a pri-
ori in accordance with the preliminary recommen-
dations of the Osteoarthritis Research Society
International (OARSI) task force,* included the
following: scores for the stiffness and function
subscales of WOMAC; the patient’s global assess-
ments of disease status and response to therapy,
obtained with the use of a 100-mm visual-ana-
logue scale on which higher scores indicate more
severe disease; the investigator’s global assess-
ment of disease status, obtained with the use of
a 100-mm visual-analogue scale; the presence or
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absence of soft-tissue swelling, effusion, or both
in the index knee; scores on the Medical Outcomes
Study 36-item Short-Form General Health Survey
(SF-36), which reflect the health-related quality
of life's; scores on the Health Assessment Ques-
tionnaire, which reflect physical function®; and
acetaminophen use, according to diary entries and
tablet counts. All outcome measures were assessed
at each study visit, except for the patient’s global
assessment of response to therapy, which was as-
sessed only after randomization.

In May 2004, the Outcome Measures in Rheu-
matology Clinical Trials (OMERACT) and OARSI
published their criteria for a response to treat-
ment for osteoarthritis.'” A response was classi-
fied as an improvement in pain or function of at
least 50 percent and a decrease of at least 20 mm
on the visual-analogue scale for pain or function
or the occurrence of at least two of the follow-
ing: a decrease in pain of at least 20 percent and
at least 10 mm on the visual-analogue scale; an
improvement in function of at least 20 percent
and a decrease of at least 10 mm on the visual-
analogue scale; and an increase in the patient’s
global assessment score by at least 20 percent and
at least 10 mm on the visual-analogue scale. Since
we prospectively collected data on each compo-
nent, the OMERACT-OARSI response rate is also
reported.

PRODUCT SELECTION
Our study was conducted under an investigational
new drug application, and the study agents were
subject to pharmaceutical regulation by the Food
and Drug Administration (FDA). The Cooperative
Studies Program Clinical Research Pharmacy Co-
ordinating Center, a facility licensed by the FDA,
used a vendor-certification program to evaluate
available commercial products and raw materials
in order to select the suppliers of glucosamine
and chondroitin sulfate. Donated or purchased
ingredients were tested for purity, potency, and
quality. Certificates of analysis were obtained for
the agents, and Drug Master Files were on file
with the FDA. Capsules containing 250 mg of glu-
cosamine hydrochloride, 200 mg of sodium chon-
droitin sulfate, the two in combination, and match-
ing placebo were manufactured, distributed, and
placed on a shelflife—stability program through-
out the study at the Pharmacy Coordinating Cen-
ter. In addition, 200-mg capsules of celecoxib

were purchased and overencapsulated (for mask-
ing) and a matching placebo was prepared.

ADVERSE EVENTS
Adverse events and serious adverse events were as-
sessed by the investigator at each study visit and
followed until resolution. Safety monitoring in-
cluded complete blood counts; measurement of
serum aspartate aminotransferase, alanine ami-
notransferase, glucose, creatinine, and partial-
thromboplastin time; and urinalysis at each study
visit. Specific cardiovascular monitoring for adverse
events was not done. Patients with abnormal blood
glucose results had blood glucose levels measured
after an overnight fast. In patients with diabetes
at enrollment, fasting blood glucose and glycosyl-
ated hemoglobin levels were monitored. A test for
fecal occult blood (Hemoccult, Beckman Coulter)
was performed at the visit at week 24. Medication
was withdrawn from patients in whom diabetes
or gastrointestinal bleeding developed, and the
patients were referred for further evaluation.

STATISTICAL ANALYSIS
An absolute increase in the response rate of 15
percent, as compared with the rate in the placebo
group, was considered to indicate a clinically
meaningful treatment effect. We estimated that
1588 patients would need to be enrolled to pro-
vide the study with a statistical power of 85 per-
cent to detect one or more clinically meaningful
differences between the placebo group and the
glucosamine group, the chondroitin sulfate group,
and the combined-treatment group, assuming a
rate of response of 35 percent in the placebo group
and a withdrawal rate of 20 percent. Pairwise
comparisons of the glucosamine group, the chon-
droitin sulfate group, and the combined-treatment
group with the placebo group were made with
the use of a two-sided chi-square test with an
« value of 0.017 for each comparison (overall
« value, 0.05). A side comparison between cele-
coxib and placebo also used an « value of 0.017.
The data and safety monitoring board reviewed
study performance and safety data annually but did
not conduct interim monitoring of the primary
outcome. Analysis of the primary outcome mea-
sure was conducted according to the intention
to treat.

Analyses of the secondary outcome measures
followed the pairwise-comparison plan described
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above. The chi-square test was used to compare
categorical data. The t-test for independent groups
was used to compare changes between groups
in quantitative data from baseline to the end of
follow-up. A total of 71 patients who did not at-
tend any follow-up visits were classified as hav-
ing no response for the primary outcome measure,
the OMERACT-OARSI response, and a response
based on a 50 percent reduction in the score for
the WOMAC pain subscale. These patients were
excluded from the analyses of all other secondary
outcomes. We used the last-observation-carried-
forward method in the analysis of all outcomes
among patients who made at least one follow-up
visit but who did not complete follow-up.

We also analyzed the results according to the
WOMAC pain stratum, since logistic-regression
analysis showed a significant (P=0.008) interac-
tion between treatment and pain stratum in the
comparison of combined treatment with placebo
for the primary outcome measure. All statistical

tests were two-sided. We used SAS software (ver-
sion 8) for all statistical analyses.!®

RESULTS

CHARACTERISTICS OF THE PATIENTS
Recruitment began November 29, 2000, at 13 clin-
ical centers, and 3 centers were added to the study
in February 2003 to ensure timely recruitment.
The study was completed on July 8, 2004. A total
of 3238 patients were screened, and 1583 under-
went randomization (Fig. 1). The most common
reasons for exclusion were an inability to meet
radiographic criteria (in 1089 patients) and a
WOMAC pain score of less than 125 or more than
400 (in 321 patients). The majority of patients
were women (64.1 percent), with a mean age of
58.6 years and a mean body-mass index (the weight
in kilograms divided by the square of the height
in meters) of 31.7. The groups were well balanced
at baseline (Table 1). The withdrawal rate of 20.5

3238 Patients screened

1655 Excluded

1583 Underwen

t randomization

313 Assigned
to placebo

317 Assigned
to glucosamine

318 Assigned
to chondroitin
sulfate

317 Assigned
to glucosamine+
chondroitin sulfate

318 Assigned
to celecoxib

248 (79.2%)
Completed study

242 (76.3%)
Completed study

248 (78.0%)
Completed study

254 (30.1%)
Completed study

266 (83.6%)
Completed study

65 Withdrew

11 Had an adverse
event

22 For lack of
efficacy

17 Were lost to
follow-up

15 For other
reasons

75 Withdrew
9 Had an adverse

event

27 For lack of
efficacy

20 Were lost to
follow-up

19 For other
reasons

70 Withdrew

20 Had an adverse
event

25 For lack of
efficacy

15 Were lost to
follow-up

10 For other
reasons

63 Withdrew

12 Had an adverse
event

17 For lack of
efficacy

16 Were lost to
follow-up

18 For other
reasons

52 Withdrew
7 Had an adverse

event

11 For lack of
efficacy

17 Were lost to
follow-up

17 For other
reasons

Figure 1. Enrollment and Outcomes.

N ENGLJ MED 354;8 WWW.NEJM.ORG

FEBRUARY 23, 2006

Copyright © 2006 Massachusetts Medical Society. All rights reserved.

Downloaded from www.nejm.org on September 9, 2006 . For personal use only. No other uses without permission.




GLUCOSAMINE AND CHONDROITIN SULFATE FOR KNEE OSTEOARTHRITIS

Table 1. Baseline Characteristics of the Patients.*
Placebo Glucosamine

Characteristic (N=313) (N=317)
Age —yr 58.2+9.8 58.6+10.2
Female sex — no. (%) 200 (63.9) 199 (62.8)
Race — no. (%)

White 247 (78.9) 259 (81.7)

Black 39 (12.5) 42 (13.2)

Other 27 (8.6) 16 (5.0)
Hispanic — no. (%) 18 (5.8) 13 (4.1)
Body-mass index 31.9+7.3 31.8+6.8
Duration of osteoarthritis symptoms — yr 9.5£9.1 10.4£10.5
Time since diagnosis of osteoarthritis — yr 5.3.£7.1 6.0+7.9
No. of 500-mg acetaminophen tablets/day 1.2+2.1 1.2£2.0
ARA functional class — no. (%)

[ 30 (25.6) 79 (24.9)

I 169 (54.0) 194 (61.2)

] 64 (20.4) 44 (13.9)

Unknown 0 0
Kellgren and Lawrence radiographic reading 179 (57.2) 173 (54.6)

grade 2 — no. (%)

Global assessment of disease status score

Physician 47.7+21.2 47.9+22.1

Patient 51.4+18.2 50.1+18.0
Joint swelling, effusion, or both on clinical 88 (28.1) 79 (24.9)

examination — no. (%)

WOMAC score

Pain subscale 237.1+74.2 233.3+74.8

Stiffness subscale 106.6+42.7 106.2+43.9

Function subscale 765.8+312.2 760.8+328.2

Normalized 145.8+48.4 144.5+49.5
Health Assessment Questionnaire score

Alternative Disability 0.79+0.42 0.77+0.37

Pain 55.1+20.9 53.8+20.7
SF-36 score

Physical component 37.0+8.2 37.8+7.9

Mental component 53.5+9.8 53.2+9.8

Chondroitin
Sulfate
(N=318)

58.2+10.0
205 (64.5)

32.0+7.6
9.7+10.0
5.1+7.1
1.2+1.8

82 (25.8)
180 (56.6)
56 (17.6)
0
186 (58.5)

47.1£20.0
51.5+19.05
90 (28.3)

235.3+71.5
106.6+42.8
778.9+304.3
146.0+46.5

0.76+0.42
52.5+19.8

37.6+7.7
53.9+9.3

Glucosamine +
Chondroitin Sulfate
(N=317)

58.6+10.6
199 (62.8)

235 (74.1)
54 (17.0)
28 (8.8)
17 (5.4)
31.546.6
10.1£10.2
6.18.6
1.1£1.9

80 (25.2)
182 (57.4)
55 (17.4)

160 (50.5)

48.1+20.6
51.2+18.3
86 (27.1)

239.1+72.1
105.2+42.0
768.2+298.2
145.6+45.9

0.80+0.37
54.3+19.4

36.5+7.6
53.4£10.2

Celecoxib
(N=318)

59.4+11.1
212 (66.7)

256 (80.5)
45 (14.2)
17 (5.3)

8 (2.5)

31.547.1

10.1x9.2
5.2+6.4
1.241.9

81 (25.5)
186 (58.5)

49 (15.4)

2 (1)
177 (55.7)

48.0+21.6
49.5+19.2
83 (26.1)

234.9+74.3
107.4+42.1
788.2+309.0
147.0+47.6

0.78+0.41
54.9+20.9

37.2+7.7
53.8+9.3

* Plus—minus values are means +SD. Race or ethnic group was self-determined. The body-mass index is the weight in kilograms divided by
the square of the height in meters. Patient’s and physician’s global assessment scores can range from 0 to 100. Scores for the Western
Ontario and McMaster Universities Osteoarthritis Index (WOMAC) can range from 0 to 500 for the pain subscale, 0 to 200 for the stiffness
subscale, and 0 to 1700 for the function subscale; normalized scores can range from 0 to 300. Scores for the Health Assessment Question-
naire can range from 0 to 3 for the Alternative Disability portion and from 0 to 100 for the Pain portion. Scores for the Medical Outcomes
Study 36-item Short-Form General Health Survey (SF-36) can range from 4 to 71 for the physical component and from 2 to 74 for the mental
component. For all instruments, higher scores indicate more severe disease. ARA denotes American Rheumatism Association (now called

the American College of Rheumatology).
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percent did not differ significantly among the
groups and was similar to the predicted rate of 20
percent. Adherence to the assigned treatment reg-
imen, measured by capsule count at each visit,
ranged from 88.8 percent to 97.0 percent.

CLINICAL OUTCOMES
Figure 2 shows the relative likelihood of a response
and 98.3 percent confidence intervals (correspond-
ing to the use of criteria in which a P value of less
than 0.017, rather than less than 0.05, indicated
statistical significance, owing to multiple com-
parisons) for the total study population as well as
both pain strata for each group, as compared
with the placebo group. Results of primary and
secondary outcome measures for the entire study
population and each WOMAC pain stratum are
given in Table 2.

Overall, differences between placebo and the
various agents were relatively small. Analysis of

the primary outcome measure revealed that the
rate of response to glucosamine and chondroitin
sulfate, either alone or in combination, was not
significantly higher than the rate of response to
placebo. As compared with the rate of response
to placebo, the rate of response to chondroitin
sulfate was 5.3 percentage points higher (P=0.17),
the rate of response to glucosamine was 3.9 per-
centage points higher (P=0.30), and the rate of
response to the combination of glucosamine and
chondroitin sulfate was 6.5 percentage points
higher (P=0.09). The rate of response to the cele-
coxib control was 10.0 percentage points higher
than that for the placebo control (P=0.008). The
OMERACT-OARSI response rates showed a sim-
ilar pattern, with differences between the placebo
group and the glucosamine, chondroitin sulfate,
and combined-treatment groups not reaching sig-
nificance. As compared with the rate of response
to placebo, the rate of response to chondroitin

Variable

Likelihood of a 20% decrease
in WOMAC pain score

Likelihood (98.3% confidence interval)

All randomized patients ~ F¢— I-i—’—| i ?—0—|
Patients with mild pain ~ F#%—1 — —— f——
(WOMAC pain score, E E E E
125-300) 0 0 0 i
Patients with moderate- |—i_’—| |_i—’—| E A Fi_’—|
to-severe pain (WOMAC | ' ' '
pain score, 301-400) E E E E
Likelihood of an OMERACT- | ' ' '
OARSI response E E E E
All randomized patients ~ 4— h—— o —e—
Patients with mild pain I—O:—| I—E—0—| I—E—0—| }5—0—|
(WOMAC pain score, : 0 i i
125-300)
Patients with moderate- ~ H——¢—— ——— o[ + i k + {
to-severe pain (WOMAC E E E E
pain score, 301-400) . . . .
T T T 1 T T T 1 T T T 1 T T T 1
0.8 1.0 1.5 22 0810 1.5 22 0810 1.5 22 081.0 1.5 2.2
——— ——— -—— -——
Placebo Glucosamine Placebo Chondroitin Placebo Glucosamine+  Placebo  Celecoxib Better
Better Better Better Sulfate Better Better Chondroitin Better

Sulfate Better

Figure 2. Pairwise Comparisons of the Overall Likelihood of a Response.

Scores for the pain subscale of the Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) can range from 0 to
500, with higher scores indicating more pain. A response according to the guidelines of the Outcome Measures in Rheumatology Clini-
cal Trials and Osteoarthritis Research Society International (OMERACT-OARSI) was classified as an improvement in function or pain of
at least 50 percent and a decrease of at least 20 mm on the visual-analogue scale for pain or function or the occurrence of at least two
of the following: a decrease in pain of at least 20 percent and at least 10 mm on the visual-analogue scale; an improvement in function
of at least 20 percent and a decrease of at least 10 mm on the visual-analogue scale; and an increase in the patient’s global assessment
score by at least 20 percent and at least 10 mm on the visual-analogue scale.
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Table 2. Primary and Secondary Outcomes.*

Glucosamine +

Chondroitin Chondroitin
Outcome Placebo Glucosamine Sulfate Sulfate Celecoxib
All randomized patients
No. of patients 313 317 318 317 318
Primary outcome: 20% decrease in WOMAC pain score
At end of follow-up — no. (%) 188 (60.1) 203 (64.0) 208 (65.4) 211 (66.6) 223 (70.1)
P value 0.30 0.17 0.09 0.008
Secondary outcomes
OMERACT-OARSI response
At end of follow-up — no. (%) 178 (56.9) 192 (60.6) 202 (63.5) 208 (65.6) 214 (67.3)
P value 0.35 0.09 0.023 0.0075
50% decrease in WOMAC pain score
At end of follow-up — no. (%) 132 (42.2) 147 (46.4) 134 (42.1) 147 (46.4) 159 (50.0)
P value 0.29 0.99 0.29 0.05%
WOMAC pain score
Change from baseline -86.1+114.2 -82.9+115.4 -83.9+106.3 -100.5+112.7  -100.0+102.9
At end of follow-up 151.0+113.1 149.3+115.9 151.7+113.1 137.9+102.3 135.7+108.3
P value 0.73 0.81 0.12 0.12
WOMAC stiffness score
Change from baseline -36.4+52.3 -34.7£52.5 -31.2+51.5 -39.2+52.6 -41.5+50.3
At end of follow-up 70.5+48.8 70.6+52.2 75.6+51.7 66.2+47.8 66.7+51.4
P value 0.68 0.22 0.53 0.23
WOMAC function score
Change from baseline -227.4+362.7  -222.3+388.3  -235.6+346.6 -276.5+358.0  -289.3+340.7
At end of follow-up 540.3+374.1 531.8+388.6 544.1+394.1 490.8+348.9 500.1+382.7
P value 0.87 0.78 0.10 0.03
Normalized WOMAC score
Change from baseline -48.8+65.1 -47.1+66.9 -46.2+62.2 -56.0+63.7 -57.7£59.8
At end of follow-up 97.2+66.1 96.4+69.1 100.0+68.3 89.5£61.6 89.9+66.8
P value 0.75 0.61 0.18 0.08
HAQ Alternative Disability score
Change from baseline -0.16+0.36 -0.18+0.36 -0.17£0.34 -0.20+0.39 -0.20+0.35
At end of follow-up 0.63+0.44 0.59+0.44 0.59+0.45 0.59+0.41 0.58+0.45
P value 0.59 0.93 0.25 0.18
HAQ Pain score
Change from baseline -16.6+28.0 -16.0+29.1 -15.4+25.5 -20.8+28.8 -20.2+27.4
At end of follow-up 38.4+25.2 37.5£26.9 37.3+26.1 33.7£25.0 34.9+25.8
P value 0.82 0.60 0.07 0.11
Patient’s global assessment of response to therapy score
At end of follow-up — no. (%) 45.2+30.5 45.3+31.8 45.6+30.9 43.1+30.4 41.7+31.0
P value 0.96 0.89 0.39 0.16
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