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Abstract: Objective: Characterize the effect of body mass index (BMI) on the efficacy of continuous daily celecoxib
treatment compared with intermittent celecoxib treatment.
Methods: Prespecified exploratory analysis of a 24-week, double-blind, parallel-group, randomized, multicenter
international study. 858 patients with knee or hip osteoarthritis (OA) were randomized to receive celecoxib 200 mg daily
either as continuous or intermittent treatment. Efficacy was measured by Western Ontario and McMaster Universities
Arthritis Index (WOMAC) total and subscale scores and the number of flare events.
Results: Least squares mean increases (worsening) in WOMAC total scores were significantly less in the continuous
treatment group than in the intermittent treatment group in patients with a BMI <30 kg/m2 (1.33 vs 4.85; p=0.016) and in
patients with a BMI 30 kg/m2 (1.84 vs 5.12; p=0.019). There was a greater worsening in patients with a BMI 30 kg/m2
than in those with a BMI <30 kg/m2 in both the continuous and intermittent groups. Fewer flares were reported in the
continuous treatment group than in the intermittent group in patients with a BMI <30 kg/m2 (0.55 vs 0.88; p<0.0001) and
30 kg/m2 (0.54 vs 0.97; p<0.0001). There were no differences in adverse events in the two BMI groups.
Conclusions: Continuous celecoxib treatment was significantly more efficacious than intermittent use in patients with a
BMI <30 kg/m2 compared with obese patients (30 kg/m2) as assessed by WOMAC total scores and the number of flares.
These data suggest that including weight loss as part of a treatment regimen for obese OA patients could be important.
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INTRODUCTION
Weight is an important factor in osteoarthritis (OA) as
obese subjects are at a higher risk of developing knee and
hip OA [1]. Obese patients have a higher risk of developing
knee and hip pain, with increasing body weight resulting in
more pain [2]. As there is a rising obesity epidemic
worldwide, it is expected the number of obese patients with
knee OA will increase [3].
In subjects with or at higher risk for knee OA, both a
high body mass index (BMI) and a large waist circumference
were associated with poorer outcomes in Western Ontario
and McMaster Universities Arthritis Index (WOMAC)
scores, and 20-meter walk and chair stand outcomes [4]. In
addition, African American women with either a high BMI
or a large waist circumference were at greater risk for poorer
outcomes than white women with a high BMI or a large
waist circumference [4]. Obesity is therefore an important
preventable and treatable risk factor in patients with OA [5,
6]. Current guidelines for the management of OA
recommend weight loss for overweight patients with knee
and hip OA [7, 8]. A reduction in body weight has been
reported to decrease the odds for developing symptomatic
knee OA in women [9], and in a meta-analysis, an
association was found between weight reduction in patients
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with knee OA and improvement in physical disability [3]. In
a recent explorative study, it was found that a high BMI is
detrimental to joint health among subjects exposed to high
levels of activity [10]. However, subjects with a low BMI
and high levels of activity were at lower risk of knee OA
than those who were less active [10].
Some OA patients may experience asymptomatic periods
alternating with OA flares while others may have continuous
OA symptoms. Intermittent treatment with nonselective
nonsteroidal anti-inflammatory drugs (NSAIDs) and
cyclooxygenase-2 (COX-2) selective inhibitors is often
perceived as a safer option due to concerns regarding the
gastrointestinal and cardiovascular adverse effects thought to
be associated with these therapies [11]. Intermittent therapy
leads to less exposure to the drugs, a longer time to develop
adequate serum levels of the drug, and potentially fewer
adverse outcomes. In patients with symptomatic OA who
were successfully treated for an OA flare with open-label
celecoxib, continuous celecoxib treatment was compared
with intermittent celecoxib treatment in a double-blind,
randomized, multicenter international trial to investigate the
efficacy and safety of these regimens. Continuous treatment
with celecoxib 200 mg/d was significantly more efficacious
than intermittent celecoxib treatment in preventing OA flares
of the hip and knee, without an increase in overall adverse
events (AEs), which included aggravated and new-onset
hypertension [11]. However, the effect of BMI on the
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efficacy of continuous versus intermittent NSAID treatment
has not been previously investigated.
An exploratory analysis was performed to characterize
the effect of BMI on the efficacy of continuous daily
celecoxib treatment compared with intermittent celecoxib
treatment, as measured by WOMAC total and subscale
scores and by the number of flares.
MATERIALS AND METHODS
A prespecified exploratory analysis of a double-blind,
parallel-group, randomized, multicenter international study
[11] was conducted to determine WOMAC total scores
(including pain, stiffness, and physical function) and the
number of OA flares, during the blinded postrandomization
period, in patient groups according to BMI (30 kg/m2 and
<30 kg/m2). A detailed description of the study design has
been previously published [11] and is briefly described
below.
Study Design
A total of 858 patients, originating from 106
investigational centers across North and South America and
Europe, aged 18-80 years with knee or hip OA, determined
by American College of Rheumatology criteria, were
randomized (1:1 ratio stratified by site) to receive celecoxib
200 mg qd either as continuous (daily) or intermittent
(celecoxib 200 mg qd when needed to treat OA flare meeting
predefined criteria).
The trial consisted of three periods. Period I (up to 14±2
days) included the screening (Visit 1) and washout period.
During this period, patients with an OA flare within 14 days
following discontinuation of NSAID treatment were
identified and allowed to enter Period II. Period II (up to
14±2 days) included the flare visit (Visit 2) and the openlabel run-in treatment period with 200 mg celecoxib daily.
During this period, only patients in whom treatment with
celecoxib resulted in a successful treatment of an OA flare,
without additional flares, were eligible to enter Period III.
Period III (22 weeks) included randomization (Visit 3)
Table 1.
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followed by a double-blind treatment period during which
the efficacy of continuous vs intermittent celecoxib treatment
was investigated (Visit 3 or randomization visit).
The occurrence and resolution of an OA flare were
defined objectively based on patient scores on the Patient’s
Assessment of Arthritis Pain Numeric Rating Scale and the
Patient’s Global Assessment of Arthritis, and were
confirmed based on the outcome of the Physician’s Global
Assessment of Arthritis administered by the investigator.
Efficacy Analysis
Efficacy assessments were conducted during the doubleblind treatment period (Period III). The efficacy assessment
measurements included WOMAC index scores (total, pain,
stiffness, and physical function), and the number of flare
events experienced by patients per time of exposure (mean
number of flares per month). Safety was monitored from
Period II to the end of Period III. Only AEs occurring during
the blinded treatment period (Period III) were reported.
Statistical Analysis
Analyses were performed on the intent-to-treat (ITT)
population (patients who received 1 dose of study medication
postrandomization) and flare-modified ITT (FmITT) population
(all patients meeting criteria for the ITT population plus having
flare durations of  14+2 days), using a two-sided type 1 error
of 0.05. WOMAC scores were analyzed as change in WOMAC
total, and pain, stiffness, and physical function subscores from
randomization to final visit.
RESULTS
Patient Characteristics
Baseline demographics and clinical characteristics were
similar in both treatment groups. In the continuous treatment
group, the mean age of patients with a BMI <30 kg/m2 was
59.2 years, and the mean age of patients with a BMI 30
kg/m2 was 57.8 years. In the intermittent treatment group, the
mean ages were 58.9 years and 58.6 years, respectively
(Table 1). The duration of OA was 6.1 years and 6.5 years in

Patient Demographics and Characteristics at Randomization Visit
Continuous Use Celecoxib 200 mg qd
BMI <30 kg/m
n=209

BMI 30 kg/m
n=222

Female, n (%)

145 (69.4)

Age, years, mean (SD)

59.2 (10.2)

Race, white, n (%)

Intermittent Use Celecoxib 200 mg qd
BMI <30 kg/m2
n=205

BMI 30 kg/m2
n=222

172 (77.5)

149 (72.7)

154 (69.4)

57.8 (9.8)

58.9 (10.3)

58.6 (9.0)

156 (74.6)

182 (82.0)

151 (73.7)

182 (82.0)

BMI, mean (SD)

25.8 (2.6)

34.9 (4.6)

25.7 (2.6)

35.0 (4.4)

Duration of OA, years, mean (SD)

6.1 (6.3)

6.5 (6.5)

6.6 (6.8)

7.0 (6.8)

Total WOMAC score, mean (SD)

24.3 (14.0)

26.2 (14.1)

26.0 (14.8)

26.5 (13.3)

Pain

4.8 (3.0)

5.0 (2.9)

5.2 (3.1)

5.0 (2.9)

Stiffness

2.2 (1.4)

2.4 (1.4)

2.3 (1.4)

2.5 (1.2)

17.3 (10.3)

18.8 (10.5)

18.4 (10.9)

19.1 (9.9)

2

2

WOMAC Subscale Scores, Mean (SD)

Physical function

BMI, body mass index; OA, osteoarthritis; qd, daily; SD, standard deviation; WOMAC, Western Ontario and McMaster Universities Arthritis Index.
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patients with a BMI <30 kg/m2 and a BMI 30 kg/m2,
respectively, in the continuous treatment group. In the
intermittent group, the duration of OA was 6.6 years and 7.0
years in patients with a BMI <30 kg/m2 and a BMI 30
kg/m2, respectively (Table 1).
At baseline, BMI was <30 kg/m2 in 48.5% (209/431) of
patients in the continuous treatment group and 48.0%
(205/427) of patients in the intermittent group. BMI was 30
kg/m2 in 51.5% (222/431) of patients in the continuous
treatment group and 52.0% (222/427) in the intermittent
treatment group.
WOMAC Index Scores
WOMAC total and subscores were comparable at
randomization in both BMI groups in the ITT population
(both p>0.05, Table 1). Following the 22 weeks of blinded
treatment, the least squares mean increases (worsening) were
significantly less in the continuous treatment group than in
the intermittent treatment group in patients with a BMI <30
kg/m2 (1.33 vs 4.85, respectively; p=0.016) and in patients
with a BMI 30 kg/m2 (1.84 vs 5.12, respectively; p=0.019)
(Table 2). A greater worsening in patients with a BMI 30
kg/m2 was observed in both the continuous and intermittent
treatment groups than patients with a BMI <30 kg/m2.
Increases in pain, stiffness, and physical function WOMAC
subscale scores were significantly less in the continuous than
Table 2.

intermittent treatment group in patients with a BMI <30 kg/m2
and a BMI 30 kg/m2 (p<0.05), with the exception of the
WOMAC stiffness subscale in patients with a BMI 30 kg/m2.
The WOMAC stiffness subscale score was not significantly
different between continuous and intermittent use in patients
with a BMI 30 kg/m2 (p=0.075).
In the FmITT population, increases in total, pain and
physical function WOMAC subscale scores from baseline to
final visit were significantly less in the continuous than
intermittent treatment group in patients with a BMI 30
kg/m2 (p<0.05), except for the WOMAC stiffness subscale
(p=0.162). WOMAC total and subscale scores were not
significantly different between continuous and intermittent
use in patients with a BMI <30 kg/m2 (p>0.05).
Number of Flares
In the subset of patients with a BMI <30 kg/m2, the
continuous treatment group experienced fewer flares per month
than the intermittent treatment group (0.55 vs 0.88, respectively;
p<0.0001; ITT population); the same was true in the patients
with a BMI 30 kg/m2 (0.54 vs 0.97, respectively; p<0.0001;
ITT population) (Table 3). Fewer flares per month were also
reported in the continuous than intermittent treatment group in
the FmITT population in patients with a BMI <30 kg/m2
(FmITT: 0.51 vs 0.91; p=0.0008) and in patients with a BMI
30 kg/m2 (FmITT: 0.47 vs 0.98; p<0.0001).

Least Squares Mean Changes (LSM) from Randomization Visit to Final Visit in WOMAC Pain, Stiffness, Physical
Function, and Total Scores for the Double-Blind Treatment Period
BMI 30 kg/m2

BMI <30 kg/m2
Continuous Use
Celecoxib
200 mg qd
n=209

Intermittent Use
Celecoxib
200 mg qd
n=205

p Value

Continuous Use
Celecoxib
200 mg qd
n=222

Intermittent Use
Celecoxib
200 mg qd
n=222

p Value

1.33 (1.03)

4.85 (1.03)

0.016

1.84 (0.98)

5.12 (0.99)

0.019

(-0.69 to 3.35)

(2.83 to 6.87)

(-0.08 to 3.77)

(3.18 to 7.06)

0.32 (0.23)

1.05 (0.23)

0.40 (0.21)

1.31 (0.21)

(-0.13 to 0.77)

(0.60 to 1.50)

(-0.01 to 0.81)

(0.90 to 1.73)

ITT Population
Total WOMAC score, LSM (SE)
95% CI
WOMAC pain subscale, LSM (SE)
95% CI
WOMAC stiffness subscale, LSM (SE)
95% CI
WOMAC physical function subscale, LSM (SE)
95% CI

0.10 (0.10)

0.42 (0.10)

(-0.10 to 0.29)

(0.23 to 0.62)

0.89 (0.74)

3.40 (0.74)

(-0.57 to 2.34)

(1.95 to 4.86)

-0.15 (1.18)

2.40 (1.28)

(-2.47 to 2.17)

(-0.12 to 4.91)

0.07 (0.26)

0.48 (0.29)

(-0.45 to 0.58)

(-0.09 to 1.04)

0.024

0.019

0.017

0.13 (0.10)

0.38 (0.10)

(-0.06 to 0.32)

(0.19 to 0.57)

1.36 (0.71)

3.45 (0.71)

(-0.04 to 2.75)

(2.05 to 4.85)

-0.13 (1.15)

3.89 (1.17)

(-2.38 to 2.13)

(1.59 to 6.18)

-0.00 (0.24)

1.12 (0.25)

(-0.48 to 0.48)

(0.63 to 1.61)

0.002

0.075

0.038

FmITT
Total WOMAC score, LSM (SE)
95% CI
WOMAC pain subscale, LSM (SE)
95% CI
WOMAC stiffness subscale, LSM (SE)
95% CI
WOMAC physical function subscale, LSM (SE)
95% CI

0.01 (0.11)

0.24 (0.12)

(-0.20 to 0.23)

(0.00 to 0.47)

-0.25 (0.85)

1.71 (0.92)

(-1.92 to 1.41)

(-0.10 to 3.52)

0.145

0.292

0.164

0.117

-0.00 (0.11)

0.23 (0.12)

(-0.22 to 0.23)

(0.01 to 0.46)

-0.09 (0.83)

2.55 (0.84)

(-1.71 to 1.54)

(0.90 to 4.21)

0.015

0.001

0.162

0.026

BMI, body mass index; CI, confidence interval; ITT, intent-to-treat; FmITT: flare-modified ITT; qd, daily; SE, standard error; WOMAC, Western Ontario and McMaster
Universities Arthritis Index.
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Number of Flare Events Per Time of Exposure to Study Medicationa
BMI 30 kg/m2

BMI <30 kg/m2

ITT population, n
No. of flare events per month, mean (SD)

Continuous Use
Celecoxib
200 mg qd

Intermittent Use
Celecoxib
200 mg qd

209

205

0.55 (0.78)

0.88 (0.86)

p Value

<0.0001

Continuous Use
Celecoxib
200 mg qd

Intermittent Use
Celecoxib 200 mg qd

222

222

0.54 (0.69)

0.97 (1.13)

Median

0.38

0.63

0.36

0.71

Range

0.00-7.50

0.00-4.29

0.00-4.29

0.00-9.40

146

121

153

151

0.51 (0.88)

0.91 (1.01)

0.47 (0.74)

0.98 (1.32)

Median

0.20

0.57

0.19

0.55

Range

0.00-7.50

0.00-4.29

0.00-4.29

0.00-9.40

FmITT population, n
No. of flare events per month, mean (SD)

0.0008

p Value

<0.0001

<0.0001

a

Time of exposure is the time in months from the first dose of double-blind study medication at the beginning of Period III to the last dose of study medication. Patients may have
more than one flare.
ITT, intent-to-treat; FmITT: flare-modified ITT.

Safety Results
Sixteen patients experienced serious AEs; six were in the
continuous treatment group (four in the BMI <30 kg/m2 and
two in the BMI 30 kg/m2) and ten were in the intermittent
treatment group (four in the BMI <30 kg/m2 and six in the
BMI 30 kg/m2). Serious AEs in the continuous treatment
group included nephrolithiasis, metastases to central nervous
system, melena, rectal hemorrhage, and coronary artery
disease in patients with a BMI <30 kg/m2 and chest pain,
atrial fibrillation, acute respiratory failure, and pulmonary
edema in patients with a BMI 30 kg/m2. Serious AEs in the
intermittent treatment group included skin laceration, OA,
gastritis, chest pain, and abdominal pain in patients with a
BMI <30 kg/m2 and knee arthroplasty, squamous cell
carcinoma, non-cardiac chest pain, pancreatitis, OA, bipolar
I disorder, hypertension crisis, and transient ischemic attack
in patients with a BMI 30 kg/m2.
In the BMI <30 kg/m2 group, discontinuations due to
AEs occurred in 5.3% and 4.4% of subjects receiving
celecoxib continuous treatment and celecoxib intermittent
treatment, respectively. In the BMI 30 kg/m2 group,
discontinuations due to AEs occurred in 5.0% and 6.8% of
subjects, respectively. No deaths were reported. Numerically
fewer AEs were reported in the celecoxib continuous
treatment group than the celecoxib intermittent treatment
group in patients with a BMI <30 kg/m2 (54.5% vs 59.0%)
while the frequency of AEs was similar in the BMI 30
kg/m2 celecoxib continuous and intermittent treatment
groups (59.0% vs 58.6%). Headache was the most frequently
reported AE in all groups (Table 4).
DISCUSSION
In this study of patients with OA, lower WOMAC least
squares mean change scores (less worsening) were observed
in the continuous celecoxib treatment group than in the
intermittent celecoxib treatment group for patients with a
BMI <30 kg/m2 and for those with a BMI 30 kg/m2.
Patients with a BMI <30 kg/m2 and those with a BMI 30
kg/m2 who were in the continuous celecoxib treatment

reported fewer flares than patients receiving intermittent
treatment. There was more symptomatic worsening, as
defined by WOMAC total scores (greater least squares mean
change scores), in patients with a BMI 30 kg/m2 than in
those with a BMI <30 kg/m2 for both the continuous and
intermittent celecoxib treatment groups.
The results of this exploratory analysis are consistent
with published findings. An association between obesity
(BMI 30 kg/m2) and arthritis was reported in previous
cross-sectional studies [12, 13], cohort studies [14-16], and
case-control studies [17-19]. The odds ratio, or relative risk
of arthritis, in these studies was 1.6-6.8 among subjects who
were obese. Lower WOMAC scores and fewer flares were
reported in nonobese patients (BMI <30 kg/m2) in this study.
While fewer patients experienced severe AEs in the
continuous treatment group compared with the intermittent
treatment group, the number of serious AEs reported did not
differ by BMI status in this analysis. This finding contrasts
with those from an analysis from the Celecoxib vs
Omeprazole and Diclofenac for At-Risk Osteoarthritis and
Rheumatoid Arthritis Patients (CONDOR) trial where BMI
was shown to be one of the risk factors associated with
clinically significant blood loss (2 g/dL decrease in
hemoglobin and/or a 10% decrease in hematocrit) in
patients treated with celecoxib and diclofenac slow release
plus omeprazole [20]. This was the first time BMI was
reported as a predictive factor for clinically significant blood
loss in patients with arthritis and NSAID users [20].
The current guidelines for the management of OA
recommend weight loss in overweight patients with knee and
hip OA [7, 8]. A reduction in body weight has been reported
to decrease the odds for developing symptomatic knee OA in
women [3, 9] and to help alleviate OA symptoms [3, 21].
Continuous reinforcement of a weight loss program over 1
year has been shown to be successful in reducing pain in
obese patients with knee OA, although not necessarily
improving function [22]. Although physicians often fail to
advise obese adults with arthritis to lose weight, adults who
report receiving such advice were more likely to report
weight-loss efforts [23, 24]. This analysis suggests that
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Summary of Treatment-Emergent Adverse Events (AE), Safety Population
BMI 30 kg/m2

BMI <30 kg/m2
Intermittent Use
Celecoxib
200 mg qd
n=205
n (%)

Continuous Use
Celecoxib
200 mg qd
n=209
n (%)
Total no. patients with AE

114 (54.5)

121 (59.0)

Continuous Use
Celecoxib
200 mg qd
n=222
n (%)
131 (59.0)

Intermittent Use
Celecoxib
200 mg qd
n=222
n (%)
130 (58.6)

AE 2% Patients in Either Treatment Group by Preferred Term
Headache

33 (15.8)

32 (15.6)

32 (14.4)

36 (16.2)

Back pain

10 (4.8)

20 (9.8)

10 (4.5)

11 (5.0)

Arthralgia

9 (4.3)

14 (6.8)

8 (3.6)

11 (5.0)

Nasopharyngitis

7 (3.3)

8 (3.9)

12 (5.4)

12 (5.4)

Diarrhea

1 (0.5)

11 (5.4)

6 (2.7)

6 (2.7)

Pain in extremity

9 (4.3)

10 (4.9)

9 (4.1)

11 (5.0)

Dyspepsia

6 (2.9)

3 (1.5)

11 (5.0)

3 (1.4)

Upper respiratory tract infection

7 (3.3)

9 (4.4)

7 (3.2)

10 (4.5)

Hypertension

2 (1.0)

9 (4.4)

7 (3.2)

4 (1.8)

Upper abdominal pain

3 (1.4)

9 (4.4)

4 (1.8)

1 (0.5)

Sinusitis

5 (2.4)

1 (0.5)

6 (2.7)

9 (4.1)

Musculoskeletal pain

4 (1.9)

3 (1.5)

3 (1.4)

9 (4.1)

Insomnia

3 (1.4)

6 (2.9)

8 (3.6)

2 (0.9)

Edema peripheral

3 (1.4)

5 (2.4)

1 (0.5)

7 (3.2)

Bronchitis

2 (1.0)

2 (1.0)

1 (0.5)

7 (3.2)

Muscle spasms

7 (3.3)

1 (0.5)

3 (1.4)

4 (1.8)

Dizziness

6 (2.9)

6 (2.9)

2 (0.9)

2 (0.9)

Nausea

2 (1.0)

6 (2.9)

3 (1.4)

3 (1.4)

Abdominal pain

4 (1.9)

2 (1.0)

6 (2.7)

2 (0.9)

Contusion

1 (0.5)

1 (0.5)

2 (0.9)

6 (2.7)

Myalgia

4 (1.9)

4 (2.0)

6 (2.7)

5 (2.3)

Toothache

1 (0.5)

4 (2.0)

2 (0.9)

2 (0.9)

Fatigue

0 (0)

6 (2.9)

6 (2.7)

3 (1.4)

Pain

4 (1.9)

6 (2.9)

2 (0.9)

3 (1.4)

Influenza

5 (2.4)

4 (2.0)

5 (2.3)

5 (2.3)

Vomiting

1 (0.5)

4 (2.0)

4 (1.8)

2 (0.9)

Viral infection

0 (0)

4 (2.0)

3 (1.4)

0 (0)

Rash

0 (0)

4 (2.0)

1 (0.5)

3 (1.4)

weight reduction in patients with OA might lead to
decreased numbers of OA flares and significantly less
worsening in patient functioning, as described by the
WOMAC total score and subscales for pain, functioning, and
stiffness. Improved awareness of the relationship between
OA and weight might help motivate patients to lose weight.
CONCLUSIONS
Daily celecoxib treatment was significantly more
efficacious than intermittent use, and more so in patients
with a BMI <30 kg/m2 compared with obese patients (BMI
30 kg/m2) as assessed by WOMAC total scores and the
number of flares per month. These data support the
importance of including weight loss as part of the treatment

regimen for obese and perhaps overweight patients with OA
and suggest weight loss could help reduce the burden of
illness experienced by these OA patients.
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