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Abstract The objective of this study was to evaluate the
efficacy and safety of diacerein in early, symptomatic knee
osteoarthritis in Indian population. Sixty-four patients of
knee osteoarthritis fulfilling American College of Rheuma-
tology Criteria were randomized to receive either diacerein
or placebo for 8 weeks, followed by 4 weeks “treatment-
free” follow-up in this single-blind, parallel group, post-
marketing trial. Primary efficacy variable was visual
analogue scale (VAS) assessment of pain on movement;
secondary efficacy variables included Western Ontario and
Mc Master Universities Osteoarthritis Index (WOMAC)
subscores for stiffness and physical function, rescue
medication use and physician's clinical global impression
(CGI). Compared to placebo, diacerein showed highly
significant (p<0.01) reductions in VAS pain scores,
significant (p<0.05) reductions in WOMAC physical
function scores, significantly lower requirement for rescue
medication, and significantly better CGI grades. Incidence
of adverse events were significantly (p<0.01) higher in
diacerein arm with urine discoloration and soft stool being
the most common ones. However, most events were of mild
to moderate intensity. In Indian patients with knee
osteoarthritis, diacerein effectively reduces pain and

improves physical function, and despite frequent adverse
events, overall tolerability seemed to be good.
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Introduction

Osteoarthritis (OA) is one of the most common arthritic
disorders with a global prevalence of 60% in men and 70% in
women beyond the age of 65 years [1]. The current treatment
of OA involves symptomatic relief of pain using nonsteroi-
dal anti inflammatory drugs (NSAIDs), including selective
cyclooxygenase (COX)-2 inhibitors. However, these drugs
do not inhibit the progression of disease, and their prolonged
use, especially in the elderly, may lead to major gastrointes-
tinal, renal, and cardiovascular adverse events (AEs) [2–4].

Diacerein, a purified anthraquinone derivative, belongs
to a new class of anti-OA drugs, known as “disease-
modifying osteoarthritis drugs (DMOAD)” or “chondro-
protective agents” [5, 6]. Rhein, the active metabolite of
diacerein, inhibits production of interleukin (IL)-1beta, the
major proinflammatory cytokine involved in articular
cartilage destruction [7–9]. Several in vitro and animal
studies have confirmed diacerein's chondroprotective role
[8–13]. Furthermore, since diacerein does not inhibit
prostaglandin synthesis, it has a better safety profile
compared to NSAIDs [10].

Several randomized controlled trials [14–17] have
demonstrated beneficial role of diacerein in knee and hip
OA, with pain-relieving action starting around 4 weeks of
therapy and persisting for 1–2 months after discontinuation,
indicating possible “carry-over” effect. Recent meta-
analysis reports have found diacerein to be significantly
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superior to placebo and comparable to NSAIDs but with
better tolerability profile [18, 19].

To date, there is only one study in Indian population
demonstrating efficacy and safety of diacerein in symptomatic
knee OA [20]. The study, however, was a non-randomized,
open-label, uncontrolled study and did not look for “carry-
over” effect of diacerein. Therefore, we undertook a
randomized, placebo-controlled, single-blind post-marketing
trial to evaluate the efficacy and safety of diacerein in early,
symptomatic knee OA in Indian population.

Materials and methods

The study was conducted in accordance with the Declara-
tion of Helsinki [21] and was approved by the Institutional
Ethics Committee. All trial-related procedures were under-
taken only after obtaining written informed consent from
the participants.

Study design

The study was designed as a randomized, prospective, single-
blind, parallel group, placebo-controlled phase IV (post-
marketing) trial of 12 weeks duration. Of this, the first 8 week
was the “active-treatment” phase, followed by 4 weeks
“treatment-free” follow-up period to look for any “carry-
over” effect. Single blinding (patients were blinded) was
achieved by using placebo capsules, which were identical to
the active drug in appearance and taste.

Sample size

The sample size was calculated to detect a difference of
10 mm in visual analogue scale (VAS) pain scores between
the two treatment groups. This indicated recruitment of 23
“evaluable” subjects per group, assuming a standard
deviation of 10, a two-tailed significance level (α) of
0.05, and a power of 90%. We had defined a priori an
“evaluable” subject as one who attended at least one post-
baseline visit. However, as the study was of relatively long
duration, we anticipated a dropout rate of ∼20%; this meant
a recruitment target of at least 28 patients in each arm.

Study setting

Patients were recruited from the rheumatology outpatient
department of a tertiary care government hospital.

Subject selection criteria

Inclusion criteria Patients of either sex, aged between 35
and 70 years with primary, symptomatic, tibio-femoral

OA fulfilling American College of Rheumatology criteria
[22] and with Kellgren–Lawrence grades II and III [23]
disease were included in the study. Radiologically, OA was
defined by presence of osteophytes in at least one tibio-
femoral compartment in a radiograph taken not more than
6 months prior to baseline and with at least two views
(posteroanterior and lateral). “Symptomatic” OA was
defined as a pain score of ≥35 mm on a 100-mm VAS
scale and the pain being present for at least 15 days prior to
baseline.

Exclusion criteria Patients with secondary OA (e.g., trau-
matic, inflammatory, metabolic, or rheumatic), accompa-
nying hip OA, non-osteoarthritic cause of knee pain (e.g.,
bursitis and fibromyalgia), Kellgren–Lawrence grades I or
IV disease [23], use of diacerein/other DMOAD/cortico-
steroids within last 3 months, joint aspiration/intraarticular
injection/knee arthroscopy within last 6 months, history of
knee injury in last the 6 months, or knee surgery at any time
were excluded. Patients unwilling to provide written
informed consent, those with significant concomitant
illness, pregnant and lactating women, and patients with
active substance abuse were also excluded.

Potential study subjects were initially identified by the
attending rheumatologist, based on gross subject selection
criteria, (adult patients of either sex, aged between 35 and
70 years with mild-moderate knee OA).Thereafter, detailed
screening was done by the study team and only 64 patients
who fulfilled all the selection criteria were recruited.

Study visits and activities

After signing the written informed consent form, subjects
fulfilling selection criteria were entered on a 7-day run-in
period, during which all non-essential concomitant medi-
cations were withdrawn. However, rescue medication
(paracetamol tablets, up to a maximum of 2 g/day) to
control unbearable pain was allowed during the run-in
period (and also throughout the study), except during 48 h
prior to a scheduled clinic visit.

At the end of the run-in period, enrolled subjects were
randomized to either diacerein or placebo arm using a
computer-generated random number list. One capsule of
either 50 mg diacerein or placebo was to be taken once a
day, after meal, for the first 10 days and then twice daily
until the end of the eighth week. Each subject was
followed up at monthly intervals for 12 weeks. During
the follow-up visits, each subject was evaluated clinically
and efficacy variables were assessed. Antibiotics, laxa-
tives, corticosteroids, NSAIDs, and opioids were not
permitted during the study; physiotherapy was, however,
allowed.
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Evaluation of efficacy

The primary efficacy parameter was the assessment of pain
on movement during last 48 h using the VAS. The
secondary efficacy parameters were (a) Western Ontario
and Mc Master Universities Osteoarthritis Index (WOMAC;
version 3.0) [24] sub-scores for stiffness and physical
function, (b) clinical global impression (CGI) by physician
on a five-point Likert scale (grade 5, very much improved;
4, much improved; 3, mildly improved; 2, not improved;
and 1, worsened), and (c) consumption of rescue medica-
tion (percent of patients requiring ≥15 paracetamol tablets
in a month).

The WOMAC index consists of a questionnaire with
WOMAC Part B (for stiffness) having two items/questions
and part C (for physical function) having 17 items/
questions. The response to each item/question is recorded
on a 100-mm VAS. For each WOMAC dimension (stiffness
or physical function), a subscale score is calculated by
summation of the assigned values scored on component
items/questions. Thus, the range of possible subscale scores
for stiffness could be 0–200 mm and for physical function
0–1,700 mm [24].

Evaluation of safety

All AEs, both serious and nonserious, were noted through-
out the study by detailed history taking and physical
examination. Selected laboratory parameters (complete
hemogram, serum bilirubin, alanine amino transferase,
serum urea, creatinine, fasting blood sugar, and routine
examination of urine) were checked at screening and at
8 weeks, and abnormal values recorded. The nature,
duration, intensity, and subject outcome were noted for
each AE, and causality assessment was done.

Evaluation of compliance

Compliance was noted by traditional pill count method and
categorized as: excellent, ≤10% of scheduled doses missed;
good, >10% but ≤20% of scheduled doses missed; fair,
>20% but ≤30% of scheduled doses missed; and poor,
>30% of scheduled doses missed.

Criteria for premature withdrawal

Subjects were withdrawn in the event of voluntary
withdrawal of consent, occurrence of AE preventing further
participation, disease progression or exacerbation of pain
requiring treatment with stronger analgesics and/or other
DMOADs, and in cases of protocol violations (such as
patients enrolled despite having exclusion criteria, use of
non-permitted concomitant medications, compliance worse

than “fair,” failure to turn up within the 7 days window
period of a scheduled visit, etc.).

Statistical analysis

Efficacy data was analyzed using the modified intention-to-
treat method, including all “evaluable” subjects. An
“evaluable” subject was defined as one who attended at
least one post-baseline visit. For safety evaluation, all
randomized subjects who had taken the trial medication at
least once were considered. Missing values were dealt by
last observation carried forward method.

Between group (diacerein and placebo) comparison was
done using Mann–Whitney's U test for numerical, nonpara-
metric data (age, weight, height, body mass index, disease
duration, VAS, and WOMAC scores) and Fisher's exact
probability test for categorical data (percent of females,
percent of patients with positive family history, rescue
medication use, and CGI scores). Within-group comparison
of VAS and WOMAC scores at different time points
(baseline/4 weeks/8 weeks/12 weeks) was done using the
Friedman's analysis of variance test followed by post-hoc
Wilcoxon's test where appropriate. Laboratory values were
compared using Mann–Whitney's U test (between group)
and Wilcoxon's test (pre-post).

Results

Eighty-nine patients were screened based on gross selection
criteria (adult patients of either sex, aged between 35 and
70 years with mild-moderate knee OA). Upon detailed history
taking and clinical examination, 25 were excluded due to
various reasons: presence of secondary OA, Kellgren–
Lawrence grades I or IV disease, baseline VAS pain score
<35 mm or pain present for <15 days, associated hip OA, use
of DMOAD/steroids within last 3 months, joint aspiration/
intraarticular injection/knee arthroscopy within last 6 months,
unwillingness to provide written informed consent, presence
of significant concomitant illness, and high chance of dropout,
e.g., patients coming from remote places. Remaining 64
subjects fulfilling all the selection criteria were randomized to
diacerein (31) and placebo (33) arms. Of these, 55 subjects (28
in diacerein and 27 in placebo arm) were considered
“evaluable” for efficacy analysis, and 44 (23 in diacerein
and 21 in placebo group) completed the trial.

Of the 20 patients who failed to complete the study, eight
belonged to diacerein arm and 12 to the placebo arm. In
diacerein arm, two were withdrawn due to poor compli-
ance, one was withdrawn due to AE (soft stool), four were
lost to follow-up, and one was withdrawn due to lack of
efficacy and requirement of stronger analgesics. In the
placebo arm, two were withdrawn due to poor compliance,
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one was withdrawn due to AE (rash), five were lost to
follow-up, and four were withdrawn due to lack of efficacy
and requirement of stronger analgesics. This meant that
reasons for withdrawal were almost similar in either group,
except that in the placebo arm, more subjects withdrew due
to lack of efficacy, as compared to diacerein arm.

Baseline characteristics of recruited subjects

The two groups were comparable in terms of baseline
demographic and disease profile (Table 1). Of the 28
evaluable patients in diacerein arm, ten had Kellgren–
Lawrence grade II disease, and 18 had grade III disease,
whereas the corresponding values in placebo arm were 12
(grade II) and 15 (grade III), out of total 27 evaluable patients.
All 55 evaluable patients received some form of physiother-
apy. The basic physiotherapy protocol for all patients included
ice compress plus exercise module, which had four compo-
nents: gravity eliminated range of motion exercise, patellar
mobilization, multiple angle quadriceps and hamstring
strengthening, and vastus medialis obliquus strengthening.
Deep-heating modalities, such as ultrasonic therapy (UST) or
transcutaneous electrical nerve stimulation (TENS) were
given to selected patients in either arm: In the diacerein group,
six patients received USTand four received TENS, whereas in
the placebo group, eight were given UST and three received
TENS. None of the above values showed any statistically
significant difference between the two groups.

Assessment of primary efficacy parameter

The diacerein arm showed highly significant (p<0.01)
reductions of VAS pain scores, compared to placebo at 4

and 8 weeks, which was carried over until the end of
12 weeks. Within group analysis at different time points (4,
8, and 12 weeks) corroborated this finding, with diacerein
arm showing highly significant reductions (p<0.01) at all
the follow-up visits, when these values were compared to
baseline score (Table 2).

Assessment of secondary efficacy parameters

In the diacerein arm, highly significant (p<0.01) reductions
of WOMAC stiffness sub-scores were noted when subse-
quent visit scores were compared to baseline score (within
group analysis). However, when diacerein group was
compared to placebo (i.e., between group analysis), no
significant reduction of stiffness score was found at any of
these visits (Table 3).

For WOMAC physical function sub-scores significant
(p<0.05) reductions in scores were found in diacerein
group, compared to placebo at 8 and 12 weeks. This was
corroborated by within-group analysis, showing highly
significant (p<0.01) reductions of scores in diacerein arm
when subsequent visit scores were compared to baseline.
Interestingly however, significant (p<0.05) and highly
significant (p<0.01) reductions in physical function scores
were also noted in the placebo arm when subsequent visit
data were compared to baseline (Table 3).

At 4 weeks, six patients in the diacerein group and nine
in the placebo group required rescue medication; at 8 weeks,
three patients in the diacerein arm and ten in the placebo
arm, and at 12 week, five in the diacerein arm and 12 in the
placebo arm required rescue medication. These data, when
analyzed, revealed a significantly (p<0.05) lower require-
ment for rescue medication in diacerein group at 8 and
12 weeks.

Analysis of physician's CGI scores at 4, 8, and 12 weeks
showed that a significantly higher number of patients (p<
0.05) in the diacerein arm belonged to higher or better CGI
grades (very much, much, and mild improvement) com-
pared to placebo.

Table 1 Baseline demographic and disease profile of recruited
subjects

Parameter Diacerein
(n=28)

Placebo
(n=27)

Age in years 45.5; 40–54.2 53; 44–60

Female sex (%) 26 (92.8%) 20 (74%)

Body mass index 25.3; 23.3–28.2 24; 22.2–27.2

Disease duration in months 42; 13.5–111 24; 6–60

Visual analogue scale
pain score (mm)

60; 44.5–77.2 71; 56–81

Concomitant diseasea (%) 8 (28.5%) 7 (26%)

All values are median, 25th–75th percentile, except sex distribution
and concomitant disease, for which number of patients and percentage
of total are indicated
a Concomitant diseases included hypertension (four in diacerein and
five in placebo arm) and dyslipidemia (four in diacerein and two in
placebo arm)

Table 2 Changes in visual analogue scale pain scores (values in mm)

Visit Diacerein (n=28) Placebo (n=27)

Baseline 60; 44.5–77.2 71; 56–81

4 week 40; 29.9–65.2*,** 67; 45–84

8 week 32.5; 13.5–46.1*,** 62; 38–78

12 week 35.5; 11.6–53*,** 61; 37–82

All values are median with 25th and 75th percentile

*p<0.01, when compared to placebo (between group analysis)

**p<0.01, when compared to baseline (within group analysis)
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Evaluation of safety

Incidence of AE was significantly higher in diacerein arm
(27 patients on diacerein experienced AE versus eight with
placebo; p<0.01) with yellow discoloration of urine, soft
stool, dyspepsia, abdominal cramp, and skin rash being
most common events. However, most events were of mild
to moderate intensity. One patient in the diacerein arm
discontinued due to soft stool and another in placebo arm
withdrew due to rash. Laboratory parameters did not show
any clinically significant changes between groups and also
on before–after analysis.

Compliance of patients

In the diacerein arm, 85.7% had excellent compliance
compared to 92.5% in the placebo group. 14.3% and 7.5%
had either good or fair compliance in the diacerein and
placebo groups, respectively. However, there was no
statistical significant difference in the compliance rates.

Discussion

Changes in the primary efficacy variable (VAS pain score)
indicated that diacerein effectively reduced pain of knee
OA; this started from 4 weeks and lasted until the end of
12 weeks (end of “treatment-free” follow-up), indicating
slow onset of action, along with “carry-over” effect. This
was consistent with previous global study reports. The
reduction of pain scores with diacerein could be attributed
mainly to its analgesic effects, but the use of rescue

medication can also be considered as a confounder.
However, the use of rescue medication was significantly
lower in the diacerein arm compared to placebo.

Diacerein reduced stiffness scores from baseline; how-
ever, no statistically significant difference was noted in
comparison to placebo. This discrepancy probably stemmed
from the fact that most subjects failed to properly
differentiate “stiffness” from “pain.”

Diacerein also improved physical function, which started
relatively late (by 8 weeks) but did show “carry over.”
Interestingly, placebo group also showed significant im-
provement of physical function from baseline, a possible
“placebo effect,” or the result of using higher number of
rescue medication.

Limitations of the study

Due to logistic issues, double blinding was not feasible,
leaving the scope of bias for physician-evaluated efficacy
parameters such as CGI. However, other efficacy parame-
ters (including VAS and WOMAC scores) reflected
patients' subjective assessment, and since patients were
unaware of allotted treatment, scope of bias was minimized.
Furthermore, we had to limit our study duration to
3 months; a study with longer duration (4–6 months) would
have been better, especially to look for the duration of
“carry-over” effect. The use of the WOMAC stiffness
subscale has an important limitation like low test–retest
reliability, and secondly, this scoring system mainly
involves self-report measures of physical function rather
than performance-based measures for assessing such
parameters.

Table 3 Changes in WOMAC stiffness and physical function scores (values in mm)

WOMAC scores Visit Diacerein group (n=28) Placebo group (n=27)

WOMAC Stiffness Baseline 73.5; 11.7–99.5 (3, 175)a 21; 5–107 (1, 151)a

4 week 42; 10–76.1* (2, 144)a 18; 5–81.5 (2, 184)a

8 week 24.5; 11.2–63.7* (3, 161)a 11; 5–69 (2, 184)a

12 week 28; 10.2–71.7* (2, 124)a 10; 6–108 (2, 184)a

WOMAC Physical Function Baseline 806.2; 666.1–965.7 (541, 1,407)a 860; 624–1035 (403.5, 1,374)a

4 week 627; 447.3–750.1* (310, 1,304)a 786; 530–1023** (211, 1,405)a

8 week 519.2; 358.8–667.7 *,*** (208.5, 1,251)a 764; 495–941* (285, 1,405)a

12 week 538.5; 284.6–708.7*,*** (123, 1,251)a 740; 500–867* (275, 1,405)a

All values are median with 25th and 75th percentile

WOMAC Western Ontario and Mc Master Universities Osteoarthritis Index

*p<0.01, when compared to baseline (within group analysis)

**p<0.05, when compared to baseline (within group analysis)

***p<0.05, when compared to placebo (between group analysis)
a Indicates minimum and maximum scores
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Conclusion

This randomized, placebo-controlled, single-blind trial
conducted in a tertiary care hospital in India has demon-
strated efficacy of diacerein in relieving pain and improving
physical function in early knee OA. Although AEs occurred
more frequently with diacerein than with placebo, these
were mostly of mild to moderate intensity, and overall, the
drug seemed to be well tolerated. However, keeping in
mind the limitations of a single-blind study, a double-blind
study is awaited to generate more convincing efficacy and
safety data in Indian population.
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