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Background: Nonsteroidal anti-inflammatory drugs
(NSAIDs) and cyclooxygenase-2 (COX-2) inhibitors may
attenuate the efficacy of antihypertensive agents in high-
riskpatients.Therefore,weconductedadouble-blind, ran-
domized trial toevaluate theeffectsof celecoxib, rofecoxib,
and naproxen on 24-hour blood pressure (BP) in patients
with type 2 diabetes, hypertension, and osteoarthritis.

Methods: Patients were randomly assigned to treat-
ment with 200 mg of celecoxib once daily (n=136), 25
mg of rofecoxib once daily (n = 138), or 500 mg of
naproxen twice daily (n=130) for 12 weeks. Twenty-
four–hour ambulatory BP monitoring and validated ar-
thritis efficacy assessments were conducted at random-
ization and at weeks 6 and 12 of treatment. The primary
end point was the mean change from baseline in aver-
age 24-hour systolic BP at week 6.

Results: Reductions in osteoarthritis symptoms, includ-
ing pain, mobility, and stiffness, were similar in all treat-
ment groups. The mean±SE 24-hour systolic BP follow-
ing 6 weeks of therapy was increased significantly by

rofecoxib (from 130.3±1.2 to 134.5±1.4 mm Hg; P�.001)
but not by celecoxib (132.0±1.3 to 131.9±1.3 mm Hg;
P=.54) or naproxen (133.7±1.5 to 133.0±1.4 mm Hg;
P=.74). The BP difference between rofecoxib and cele-
coxib was 3.78 mm Hg (95% confidence interval, 1.18-
6.38; P=.005); between rofecoxib and naproxen, 3.85
mm Hg (95% confidence interval, 1.15-6.55; P=.005). The
proportion of patients with controlled hypertension at base-
line who developed ambulatory hypertension by week 6
(24-hour systolic BP�135 mm Hg) was significantly greater
with rofecoxib (30%) than with celecoxib (16%) (P=.05)
but not significantly greater than with naproxen (19%).

Conclusions: At equally effective doses for osteoarthri-
tis management, treatment with rofecoxib but not cele-
coxib or naproxen induced a significant increase in 24-
hour systolic BP. However, destabilization of hypertension
control occurred to some extent in all 3 treatment groups;
this phenomenon was seen more often in patients treated
with rofecoxib than with the other therapies.
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E LEVATED SYSTOLIC BLOOD

pressure (SBP) places pa-
tients with type 2 diabetes at
risk for premature renal and
cardiovascular disease.1-3

With aging, patients with diabetes and hy-
pertension often have coexisting osteoar-

thritis, which is most frequently man-
aged with nonsteroidal anti-inflammatory
drugs (NSAIDs) and cyclooxygenase-2
(COX-2) inhibitors.4

Nonspecific NSAIDs have been re-
ported to increase blood pressure (BP) in
treated populations with hypertension, es-

Editor’s Note: The ARCHIVES has published at least 10 clini-
cal research articles on the cardiovascular and other effects of
the COX-2 inhibitors over the past 5 years. A 2002 editorial
in this journal (2002;162:1091-1092), based on data avail-
able at that time, concluded that “there is no evidence that use
of COX-2 inhibitors increases (or decreases) the risk of myo-
cardial infarction.” Findings in trials that demonstrated in-
creased cardiovascular risk related to rofecoxib were judged
to be “readily explicable by the beneficial effects of naproxen
rather than a detrimental effect of COX-2 inhibitors.” As is
now more obvious, the COX-2 inhibitor story continues to

evolve, even now following the withdrawal of rofecoxib from
the worldwide market in October 2004. The 4 articles on
COX-2 inhibitors in this issue of the ARCHIVES demonstrate
continued reason for concern about adverse cardiovascular ef-
fects of both rofecoxib and celecoxib (though less so for the
former) as well as serious concern about the apparent over-
use of these drugs in the prescription marketplace. In this is-
sue we have also included an editorial on this general set of
topics and will consider publication of new insights in the Edi-
tor’s Correspondence section in the future.
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pecially among users of angio tensin-converting enzyme
(ACE) inhibitors and �-blockers.5-8 Furthermore, rofe-
coxib has been reported to induce clinically significant in-
creases in ambulatory SBP in ACE inhibitor–treated pa-
tients with hypertension,9,10 whereas celecoxib has shown
effects on ambulatory BP similar to placebo.8,11 Angiotensin-
converting enzyme inhibitors and angiotensin II receptor

blockers (ARBs) are integral components of antihyper-
tensive therapy in the diabetic population.12 The Cele-
coxib Rofecoxib Efficacy and Safety in Comorbidities Evalu-
ation Trial (CRESCENT) was designed to investigate the
effects of these agents compared with naproxen on 24-
hour BP in patients with type 2 diabetes who were receiv-
ing stable regimens of antihypertensive therapy that in-
cluded at least an ACE inhibitor or an ARB. To avoid
concerns with dose disparities among these osteoarthri-
tis treatments, we performed standardized and validated
measurements of efficacy for osteoarthritis.

METHODS

PATIENTS

Patients were randomized if they had osteoarthritis of the knee13

or hip14 (meeting American College of Rheumatology criteria)
requiring daily NSAID therapy; type 2 diabetes being treated
with oral hypoglycemic agents and/or insulin; glycosylated he-
moglobin values lower than 9%; hypertension being treated with
a stable antihypertensive regimen (at least 6 weeks) of at least
an ACE inhibitor (or an ARB if ACE inhibitor was not toler-
ated); and a seated SBP not greater than 150 mm Hg. Patients
were required to have completed at least 7 days without their
current NSAID therapy prior to baseline osteoarthritis assess-
ments. Ongoing treatment with estrogen, progesterone, and/or
testosterone (if used for at least 2 months before randomiza-
tion) and 81 to 325 mg of aspirin daily (if used for at least 30
days before randomization) was permitted if the treatment could
be maintained at a stable dose throughout the study.

Important criteria for exclusion were type 1 diabetes, rheu-
matoid arthritis, night or rotating shift work that included night-
shift schedules, serum creatinine concentration greater than 1.5
mg/dL (132.6 µmol/L), and serum potassium concentration
greater than 5.4 mmol/L. Treatment with drugs that could affect
BP, weight, or edema (excluding each patient’s stable regimen
of antihypertensive agents) was not permitted (eg, orlistat,
sibutramine, thiazolidinediones, and oral corticosteroids). The
institutional review board or ethics committee at each center
approved the protocol, and all patients provided written in-
formed consent before enrollment.

STUDY DESIGN

This was a multicenter, international, randomized, double-
blind trial. Patients were randomly assigned to receive 200 mg
of celecoxib once daily (Celebrex; Pfizer Inc, New York, NY),
25 mg of rofecoxib once daily (Vioxx; Merck & Co, West Point,
Pa), or 500 mg of naproxen twice daily (Naprosyn; Roche Phar-
maceuticals, Basel, Switzerland) for 12 weeks. There was a single,
computer-generated, randomization code, and each site was given

block sizes of 3. Patients were randomized in a 1:1:1 fashion, and
there was no stratification. Prior to the start of double-blind
therapy, each patient received treatment for 7 to 10 days with
1000 mg of acetaminophen (Tylenol; McNeil Consumer & Spe-
cialty Pharmaceuticals, Fort Washington, Pa) 3 times daily for
control of osteoarthritis symptoms. Patient evaluations were con-
ducted at baseline and 1, 2, 6, and 12 weeks after randomiza-
tion. At each visit, seated BP measurements (in duplicate) and
determination of adverse events were performed. Ambulatory BP
measurements and osteoarthritis efficacy assessments were con-
ducted at baseline and at weeks 6 and 12 after randomization.

BP MEASUREMENT METHODS

Seated BP measurements were taken in the nondominant arm
with a mercury sphygmomanometer. Patients were to be dis-
continued from the study in cases of investigator-determined
uncontrolled hypertension that led to any change in antihy-
pertensive therapy.

Ambulatory BP measurements were obtained with the
SpaceLabs 90207 monitor (Redmond, Wash). Quality criteria
used for an acceptable ambulatory BP recording included a mini-
mum of 80% valid readings obtained within 24 hours after moni-
tor hookup and a minimum of 2 valid readings per hour. If these
criteria were not met, the patient was asked to repeat the study
within 3 days. If the repeat study failed to meet the quality con-
trol criteria, the data were considered nonevaluable. Blood pres-
sure was measured every 20 minutes during the entire 24-
hour ambulatory monitoring period. Monitoring hookup was
initiated between 7 and 11 AM, and patients were given the study
medication within 5 minutes of monitor hookup. Study coor-
dinators recorded times of sleep, awakening, medication ad-
ministration, and monitor hookup.

OSTEOARTHRITIS ASSESSMENTS

Assessments of osteoarthritis treatment efficacy were per-
formed using standard validated measurements: (1) Patient’s As-
sessment of Arthritis Pain–Visual Analog Scale, graded on a scale
of 0 mm (no pain) to 100 mm (very severe pain)15; (2) Patient’s
Global Assessment of Arthritis, graded on a scale of 1 (very good)
to 5 (very poor)15; and (3) The Western Ontario and McMaster
Universities (WOMAC) Osteoarthritis Index, a 24-component
patient assessment of osteoarthritis pain, joint stiffness, and physi-
cal function.15,16 The outcome of any patient who withdrew from
the study because of symptoms from osteoarthritis (lack of ef-
ficacy) was reported as a treatment failure, not an adverse event.

STUDY END POINTS

The primary end point was the mean change from baseline in av-
erage 24-hour SBP at week 6. Six weeks was chosen to assess the
primary end point to avoid the impact of later selective patient
dropout from 1 of the study groups, whether owing to adverse
effects, loss of BP control, or lack of efficacy. Secondary end points
for BP included mean change from baseline at week 6 for the av-
erage 24-hour diastolic BP, mean change from baseline at week
12 for average 24-hour BP and pulse pressure, changes from base-
line in daytime (6 AM to 10 PM) and nighttime (10 PM to 6 AM)
BPs, and number of patients discontinued from the study owing
to a change in medication for loss of BP control. Additionally, the
3 osteoarthritis efficacy assessments were evaluated.

STATISTICAL ANALYSIS

The comparability of treatment groups with respect to baseline
characteristics and the primary and secondary end points were

See also pages 158, 171,
181, and 189
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assessed using the Fisher exact test for categorical variables. For
continuous variables, a 2-way analysis of covariance was used with
investigational site and baseline score of the variable being ana-
lyzed (for the primary and secondary end points) as possible co-
variates and treatment as a factor. Pairwise comparisons of the
least square means were used to evaluate treatment differences.
Baseline BP values were not imputed to either week 6 or week
12, and there was no imputation at week 6. Any missing post-
baseline BP value was imputed, and a last-observation-carried-
forward analysis was performed. There were multiple secondary
end points, and no adjustments for multiplicity were pre-
planned for these end points. No interim analyses were per-
formed. The type I (�) error for all hypothesis testing was set at
.05, and all tests were 2-tailed tests. All confidence intervals (CIs)
were 95%.

The sample size was calculated assuming a standard devia-
tion of approximately 7.5 mm Hg in 24-hour SBP differences
for the treatment groups and a dropout rate or lack of evalu-
ability of 20%, using a 2-tailed test (.05 significance level). Thus,
a sample size of 375 patients (125 per treatment group) was
required to provide power of 80% to detect a 3–mm Hg or greater
difference in 24-hour SBP among the treatment groups.

RESULTS

STUDY PATIENTS

A total of 65 centers from 7 countries participated in this
trial. Between May 2001 and April 2002, 404 patients were
randomized: 136 to celecoxib, 138 to rofecoxib, and 130
to naproxen. Eight randomized patients (6 to rofecoxib
and 2 to naproxen) never took any study medication and
were not included in either the BP or efficacy analyses.

The 3 treatment groups had similar baseline charac-
teristics, including BP, serum creatinine, plasma glu-
cose, and glycosylated hemoglobin levels (Table1). More
than 98% of the patients were treated with ACE inhibi-
tors or, in cases of ACE-inhibitor intolerance, ARBs, and
more than 60% were receiving multiple antihyperten-
sive therapies. Six (1.5%) of 396 randomized patients were
not taking an ACE inhibitor or ARB. The study results
were similar when these 6 patients were either included
or excluded from the analyses.

A total of 81.6% (323) of 396 patients completed 6
weeks of the trial, which included the primary outcome
ambulatory BP assessment. The remaining 73 patients (22
celecoxib, 24 rofecoxib, and 27 naproxen) did not have
a valid week 6 ambulatory BP assessment because it was
either not performed or not evaluable. A total of 29 of
these 73 patients were withdrawn from the study owing
to an adverse event and did not complete a week 6 am-
bulatory BP assessment: 7 (5%) in the celecoxib group,
11 (8%) in the rofecoxib group, and 11 (9%) in the
naproxen group (P=.48 for comparison of the propor-
tions).

OSTEOARTHRITIS TREATMENT EFFICACY

All 3 treatments produced significant improvements from
baseline in the signs and symptoms of osteoarthritis at
both 6 and 12 weeks, and pairwise comparisons showed
no significant differences between the treatments ex-
cept for a significant difference in favor of celecoxib vs

naproxen in the stiffness subdomain of the WOMAC
(P=.02) at week 12 (Table 2). The number of patients
discontinued for lack of arthritis efficacy was low for all
treatments (3 for celecoxib, 1 for rofecoxib, and 3 for
naproxen).

AMBULATORY BP MEASUREMENTS

Primary End Point at Week 6

As detailed in Table 3, rofecoxib increased the 24-
hour systolic BP at week 6, but celecoxib and naproxen
did not. Additionally, the difference in the mean change
from baseline to week 6 in 24-hour ambulatory SBP be-
tween rofecoxib and celecoxib was 3.78 mm Hg (95% CI,
1.18-6.38; P=.005); between rofecoxib and naproxen, 3.85
mm Hg (95% CI, 1.15-6.55; P=.005) (Table 3). There
was no significant difference between celecoxib and
naproxen. The distribution of ambulatory SBP changes
from baseline at week 6 is shown in Figure 1. The ro-
fecoxib treatment group had larger proportions of pa-
tients whose 24-hour SBP increased compared with the
other 2 treatment groups. In addition, the percentage of
patients with baseline ambulatory SBPs lower than 135
mm Hg (normotension) who developed hypertension was

Table 1. Baseline Characteristics of the Patients and
Antihypertensive Therapies*

Characteristic
Celecoxib
(n = 136)

Rofecoxib
(n = 138)

Naproxen
(n = 130)

Patient Baseline Characteristics
Age, y 61.8 63.6 63.6
Sex, % (M/F) 38/62 41/59 40/60
Race, %

White 75 76 77
Black 15 15 13
Other 10 9 10

Weight, kg 90.6 90.9 92.2
24-h SBP, mm Hg 131.9 132.1 134.3
24-h DBP, mm Hg 75.8 76.2 76.0
24-h pulse pressure, mm Hg 56.2 55.9 58.3
Glycosylated hemoglobin, % 7.0 7.0 7.0
Nonfasting plasma glucose,

mg/dL
154.2 138.0 142.0

Serum creatinine, mg/dL 0.86 0.87 0.87
Osteoarthritis index, %

Hip 16 11 10
Knee 84 89 90

Antihypertensive Therapies†
Combination 84 (62) 85 (64) 84 (66)
ACE inhibitor 114 (84) 109 (83) 106 (83)
ARB 24 (18) 24 (18) 19 (15)
Calcium channel blocker 38 (28) 40 (30) 39 (30)
�-Blocker 24 (18) 30 (23) 28 (22)
Diuretic 55 (40) 54 (41) 52 (41)
Other 17 (13) 13 (10) 7 (6)

Abbreviations: ACE, angiotensin-converting enzyme; ARB, angiotensin II
receptor blocker; BP, blood pressure; DBP, diastolic blood pressure;
SBP, systolic blood pressure.

SI conversion factors: To convert glucose to millimoles per liter, multiply
by 0.05551; to convert creatinine to micromoles per liter, multiply by 88.4.

*No statistically significant differences among the treatment groups.
†Data are given as number (percentage) of patients.
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significantly greater for rofecoxib than for celecoxib
(Figure 2). The hourly ambulatory SBP curves over 24
hours at baseline and at week 6 for the 3 treatment groups
are shown in Figure 3. A consistent increase from base-
line in SBP was observed only in the rofecoxib treat-
ment group.

Secondary End Points

Three patients discontinued the study owing to a change
in medication for loss of BP control before week 6 (1 ce-
lecoxib, 1 rofecoxib, and 1 naproxen), and 5 discontin-
ued for this reason after week 6 (4 rofecoxib and 1
naproxen). The ambulatory and clinic BP results are sum-
marized in Table 3. The clinic SBP measurements were
similar to the ambulatory BP results (Table 3). How-
ever, at week 12, naproxen significantly increased the

mean±SE clinic SBP (+3.6±1.8 mm Hg; P=.02). The dif-
ference in the mean change from baseline to week 6 in
clinic SBP between rofecoxib and celecoxib was 4.20
mm Hg (95% confidence interval, 0.48-7.93; P=.03); be-
tween rofecoxib and naproxen, 3.70 mm Hg (95% con-
fidence interval, −0.30 to 7.71; P=.07). There was no sig-
nificant difference between celecoxib and naproxen.

COMMENT

This is the first clinical trial comparing the COX-2–
specific inhibitors and a nonspecific NSAID on BP con-
trol in which well-defined measures of osteoarthritis ef-
ficacy were also assessed. Our study used 24-hour BP
recordings, which improve the reproducibility of BP

Table 2. Efficacy of Celecoxib, Rofecoxib, and Naproxen for Osteoarthritis*

Osteoarthritis Efficacy Measure†
Celecoxib
(n = 136)

Rofecoxib
(n = 132)

Naproxen
(n = 128) P Value‡

Patient’s Assessment of Arthritis Pain–Visual Analog Scale (0-100 mm)
Baseline 49.6 ± 2.2 57.1 ± 2.2 54.0 ± 2.2
Week 6 33.3 ± 2.4 35.9 ± 2.3 40.7 ± 2.4
Week 12 30.8 ± 2.4 36.3 ± 2.5 39.2 ± 2.4
Change from baseline at week 6 –16.4 ± 2.3 –21.9 ± 2.4 –14.4 ± 2.5 .18
Change from baseline at week 12 –18.7 ± 2.5 –21.3 ± 2.6 –15.0 ± 2.6 .16

Patient’s Global Assessment of Arthritis (Scale, 1-5)
Baseline 2.9 ± 0.1 2.9 ± 0.1 3.0 ± 0.1
Week 6 2.5 ± 0.1 2.4 ± 0.1 2.5 ± 0.1
Week 12 2.4 ± 0.1 2.5 ± 0.1 2.4 ± 0.1
Change from baseline at week 6 –0.4 ± 0.1 –0.5 ± 0.1 –0.5 ± 0.1 .70
Change from baseline at week 12 –0.4 ± 0.1 –0.4 ± 0.1 –0.6 ± 0.1 .60

Total WOMAC (Scale, 0-100 mm)
Baseline 46.2 ± 1.9 50.4 ± 1.7 51.4 ± 1.8
Week 6 32.7 ± 1.9 35.7 ± 1.9 38.3 ± 2.0
Week 12 29.9 ± 1.9 33.9 ± 2.2 37.1 ± 2.0
Change from baseline at week 6 –13.6 ± 1.7 –14.7 ± 1.7 –12.8 ± 1.8 .40
Change from baseline at week 12 –16.3 ± 1.8 –16.4 ± 1.9 –14.7 ± 1.9 .40
WOMAC Pain Domain

Baseline 42.8 ± 1.9 48.5 ± 1.9 48.0 ± 1.9
Week 6 29.7 ± 1.9 33.6 ± 2.0 34.8 ± 2.1
Week 12 27.8 ± 2.0 31.8 ± 2.2 33.4 ± 2.4
Change from baseline at week 6 –13.2 ± 1.9 –15.6 ± 1.9 –12.8 ± 2.0 .50
Change from baseline at week 12 –15.2 ± 2.0 –17.2 ± 2.0 –15.1 ± 2.1 .70

WOMAC Stiffness Domain
Baseline 49.9 ± 2.1 52.3 ± 2.0 55.1 ± 1.9
Week 6 34.3 ± 2.2 37.0 ± 2.2 41.1 ± 2.4
Week 12 30.6 ± 2.1 35.6 ± 2.4 40.8 ± 2.3
Change from baseline at week 6 –15.9 ± 2.1 –14.7 ± 2.1 –14.2 ± 2.2 .26
Change from baseline at week 12 –19.2 ± 2.1 –15.9 ± 2.2 –14.6 ± 2.3 .06

WOMAC Physical Function Domain
Baseline 46.2 ± 1.9 50.4 ± 1.8 51.1 ± 1.9
Week 6 34.1 ± 2.1 36.6 ± 2.0 39.1 ± 2.1
Week 12 31.3 ± 2.0 34.2 ± 2.2 37.3 ± 1.9
Change from baseline at week 6 –11.9 ± 1.8 –13.8 ± 1.8 –11.3 ± 1.9 .46
Change from baseline at week 12 –14.6 ± 1.8 –16.0 ± 1.8 –14.2 ± 1.9 .57

Abbreviation: WOMAC, Western Ontario and McMaster Universities Osteoarthritis Index.
*Unless otherwise noted, data are unadjusted means±SEs.
†Modified intention-to-treat cohort (all randomized patients who took at least 1 dose of study medication and had a baseline efficacy assessment).
‡P values are from least square means for the change from baseline to week 6 and week 12 for global test of group differences from an analysis of covariance

model with treatment and center as factors and baseline value as a covariate. There were no differences in the pairwise comparisons except for a significant
difference in favor of celecoxib vs naproxen in the stiffness subdomain of the WOMAC (P = .02) at week 12.
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Table 3. Effects of Celecoxib, Rofecoxib, and Naproxen on Ambulatory and Clinic Systolic and Diastolic Blood Pressure*

Parameter
Celecoxib
(n = 136) P Value

Rofecoxib
(n = 132) P Value

Naproxen
(n = 128) P Value

Ambulatory 24-Hour BP Measurements†
Week 6 SBP

Baseline 132.0 ± 1.3 130.3 ± 1.2 133.7 ± 1.5
Week 6 131.9 ± 1.3 134.5 ± 1.4 133.0 ± 1.4
Change from baseline –0.1 ± 1.0 .92 4.2 ± 1.1‡§ �.001 –0.8 ± 1.1 .47

Week 12 SBP
Baseline 131.8 ± 1.3 130.2 ± 1.2 133.7 ± 1.4
Week 12 132.2 ± 1.3 133.9 ± 1.3 133.0 ± 1.3
Change from baseline 0.3 ± 1.0 .76 3.7 ± 1.0‡ �.001 –0.7 ± 1.1 .53

Week 6 DBP
Baseline 75.7 ± 0.8 75.4 ± 0.8 76.0 ± 0.9
Week 6 75.6 ± 0.8 76.9 ± 0.9 75.1 ± 0.8
Change from baseline –0.1 ± 0.6 .87 1.5 ± 0.6‡ .01 –1.0 ± 0.6 .10

Week 12 DBP
Baseline 75.7 ± 0.8 75.5 ± 0.8 75.9 ± 0.8
Week 12 75.6 ± 0.9 77.2 ± 0.8 74.9 ± 0.8
Change from baseline –0.1 ± 0.6 .87 1.7 ± 0.6‡ .005 –1.0 ± 0.6 .10

Clinic Measurements�

Cuff SBP
Baseline 136.2 ± 1.6 134.5 ± 1.4 136.2 ± 1.8
Week 6 136.6 ± 1.5 139.5 ± 1.7 137.8 ± 2.1
Week 6 change from baseline 0.4 ± 1.5 .79 5.0 ± 1.5§ �.001 1.5 ± 1.6 .35
Week 12 134.8 ± 1.9 137.2 ± 1.6 140.2 ± 2.2
Week 12 change from baseline –1.3 ± 1.8¶ .47 3.8 ± 1.8§ .04 3.6 ± 1.8 .05

Cuff DBP
Baseline 80.8 ± 1.0 79.3 ± 1.0 78.3 ± 1.2
Week 6 80.3 ± 1.0 81.7 ± 1.0 79.3 ± 1.1
Week 6 change from baseline –0.5 ± 0.9 .58 2.4 ± 0.9§ .01 0.9 ± 1.0 .37
Week 12 79.4 ± 1.2 81.1 ± 1.1 78.7 ± 1.3
Week 12 change from baseline –1.1 ± 1.1 .32 2.2 ± 1.2§ .07 0.6 ± 1.2 .62

Abbreviations: BP, blood pressure; DBP, diastolic blood pressure; SBP, systolic blood pressure.
*Modified intent-to-treat cohort (defined as all randomized patients who took at least 1 dose of study medication and had a baseline efficacy assessment). Unless otherwise

indicated, data are mean ± SE millimeters of mercury.
†Ambulatory baseline means were calculated only for the population that had a week 6 or week 12 ambulatory BP measurement. At week 6, n = 323 (and there was no imputation).

At week 12, n = 348, which includes 41 patients who had their week 6 ambulatory BP values imputed to week 12 (15 celecoxib, 10 rofecoxib, 16 naproxen).
‡P�.05 rofecoxib vs naproxen based on comparisons of least square mean changes from baseline.
§P�.05 rofecoxib vs celecoxib based on comparisons of least square mean changes from baseline.
� Clinic BP measurements were taken between 7 AM and 11 AM.
¶ P�.05 celecoxib vs naproxen based on comparisons of least square mean changes from baseline.

50

25

40

45

35

30

20

15

10

5

0

38

13

4
2

7

37

Naproxen (n = 101)

30

4
2

6

18

40

Rofecoxib (n = 108)

46

6
3 3

11

32

Celecoxib (n = 114)

Pa
tie

nt
s,

 %

SBP Change, mm Hg
<–20

>–10 to <0
–20 to –10

0 to + 10

> +20
> +10 to +20

Figure 1. Distribution of changes from baseline in ambulatory systolic blood
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values in clinical trials,17 avoid observer bias, and allow
for the BP assessments over the entire 24-hour period.

Treatment with 25 mg of rofecoxib once daily signifi-
cantly increased average 24-hour SBP and pulse pres-
sure in patients with type 2 diabetes who were receiving
stable regimens of antihypertensive therapy consisting
of ACE inhibitors or ARBs. In contrast, treatment with
200mg of celecoxib once daily or 500 mg of naproxen
twice daily had no significant effect on the mean 24-
hour BP following both 6 and 12 weeks of double-blind
therapy. These BP findings occurred with doses typi-
cally prescribed for osteoarthritis18 and where the assess-
ments of osteoarthritis efficacy showed equivalence for
all 3 treatments.

Two previous trials evaluated the effects of COX-2–
specific inhibitors on ambulatory BP in ACE inhibitor–
treated patients with hypertension.9,11 In 1 study, 200 mg
of celecoxib twice daily vs placebo was given to 178 pa-
tients stabilized with lisinopril therapy; there was no sig-
nificant difference in 24-hour SBP between celecoxib and
placebo (+2.6 mm Hg vs +1.0 mm Hg; P=.34).11 In the
other study, 25 mg of rofecoxib daily was compared with
placebo and sustained-release indomethacin in a cross-
over design trial involving 36 patients in whom ambu-
latory BP was measured before and after 4 weeks of ben-
azepril therapy.9 Rofecoxib induced a significant 4.5–
mm Hg increase in 24-hour SBP over placebo and a 2.5–
mm Hg increase over indomethacin.9 These findings are
consistent with those in our trial.

Clinic SBP results in our study are also in agreement
with results from 2 previous comparative trials of rofe-
coxib and celecoxib in older patients treated for hyper-
tension and osteoarthritis.10,19 In the present study, there
was a significant treatment difference in clinic SBP for
rofecoxib compared with celecoxib (+4.2 mm Hg) at week
6, while in the previous studies, 25 mg of rofecoxib daily
was associated with an approximate +3.4–mm Hg dif-
ference in clinic SBP compared with 200 mg of cele-
coxib over a 6-week period.10,19

Our results suggest that there may be a hemody-
namic difference not only between celecoxib and rofe-
coxib but also between individual COX-2–specific in-
hibitors and nonspecific NSAIDs. While the mechanism(s)
for these differences is unknown at this time, differ-
ences in disposition, metabolites, effects on intrarenal

prostaglandin production, and possible molecular dis-
tinctions may be contributing factors. Beyond these pos-
sible mechanisms, celecoxib may reduce endothelial dys-
function, which could reduce vasoconstriction in
susceptible patients.20,21

EFFICACY FOR ARTHRITIS

The comparative efficacy of the 2 COX-2–specific in-
hibitors in the treatment of osteoarthritis has been con-
troversial. In 2 studies,22,23 25 mg of rofecoxib and 200
mg of celecoxib demonstrated similar efficacy, while in
1 study,24 25 mg of rofecoxib was determined to be sta-
tistically superior in efficacy to 200 mg of celecoxib. Our
trial represents the third such study showing similar os-
teoarthritis efficacy between these 2 doses of COX-2–
specific inhibitors. We compared the efficacy of rofe-
coxib, celecoxib, and naproxen using well-defined
instruments of osteoarthritis efficacy at 6 and 12 weeks
of treatment. All 3 drugs, under conditions of a random-
ized, blinded protocol, produced comparable improve-
ments in these standard measures at both time points,
which enhances the validity of the study with regard to
dose parity for assessing the impact of these agents on
ambulatory BP in patients with osteoarthritis, type 2 dia-
betes, and hypertension. Owing to drug cost and the lack
of a hypertensive effect, naproxen could be considered
first-line treatment. However, as recommended by the
American College of Rheumatology25 and others,26,27 cli-
nicians should consider other risks, including the risk
factors for upper gastrointestinal events, in determining
appropriate therapies.

IMPLICATIONS OF THE STUDY

Small increases in both clinic and ambulatory SBP in pa-
tients with hypertension and type 2 diabetes are associ-
ated with substantial increases in the risk of cardiovas-
cular morbidity.1,2,28-30 Additionally, ambulatory BP appears
to be a better predictor of cardiovascular and cerebro-
vascular morbidity and mortality than clinic BP, includ-
ing in the patient treated for hypertension.30-33 Specifi-
cally, it was recently demonstrated that ambulatory SBPs
of 135 mm Hg or more (hypertension) predict a higher
incidence of cardiovascular events than SBPs lower than
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Figure 3. Hourly means of ambulatory systolic blood pressures (SBPs) over 24 hours at baseline and week 6 for celecoxib, rofecoxib, and naproxen. MN indicates
midnight. Ambulatory BP monitoring was initiated at approximately 9 AM±2 hours. The morning dose of study medication was administered within 5 minutes of
initiating the ambulatory BP monitoring session. A consistent increase from baseline in ambulatory systolic pressure was observed only in the rofecoxib treatment
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135 mm Hg (normotension). While all 3 treatment groups
had a minority of patients whose 24-hour SBPs in-
creased to hypertensive values, the findings from the
present study show that significantly more rofecoxib pa-
tients than celecoxib patients attained SBP levels in the
hypertensive range (Figure 2). This finding along with
an increase in 24-hour SBP of more than 4 mm Hg for
rofecoxib but not for the other 2 osteoarthritis therapies
(Table 3) must be considered clinically relevant. While
further study is warranted,34,35 these results suggest the
need for careful monitoring and control of BP when
NSAIDs or COX-2 inhibitors are chosen for osteoarthri-
tis management in patients with hypertension and type
2 diabetes and further suggest need for careful evalua-
tion of currently available as well as future COX-2–
specific inhibitors and nonspecific NSAIDs in this popu-
lation.
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Correction

Error in Editor’s Note. In the Editor’s Note that ap-
peared with the article “The Effects of Cyclooxygen-
ase-2 [COX-2] Inhibitors and Nonsteroidal Anti-
inflammatory Therapy on 24-Hour Blood Pressure in
Patients With Hypertension, Osteoarthritis, and Type 2
Diabetes Mellitus” (2005;165:161-168), the word
“former” was used instead of the word “latter.” The cor-
rected sentence reads as follows: “The 4 articles on COX-2
inhibitors in this issue of the ARCHIVES demonstrate con-
tinued reason for concern about adverse cardiovascular
effects of both rofecoxib and celecoxib (though less so
for the latter) as well as serious concern about the ap-
parent overuse of these drugs in the prescription
marketplace.”

(REPRINTED) ARCH INTERN MED/ VOL 165, MAR 14, 2005 WWW.ARCHINTERNMED.COM
551

©2005 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 05/19/2023


