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Efficacy and Safety of Diacerein
in Patients With Inadequately
Controlled Type 2 Diabetes: A
Randomized Controlled Trial

https://doi.org/10.2337/dc17-0374

OBJECTIVE

To assess, in a randomized, double-blind, and placebo-controlled trial, the efficacy
and safety of diacerein, an immune modulator anti-inflammatory drug, in improving
glycemic control of patients with type 2 diabetes.

RESEARCH DESIGN AND METHODS

Eighty-four patients with HbA,. between 7.5 and 9.5% (58-80 mmol/mol) were
randomized to 48-week treatment with placebo (n = 41) or diacerein 100 mg/day
(n = 43). The primary outcome was the difference in mean HbA,. changes during
treatment. Secondary outcomes were other efficacy and safety measurements. A gen-
eral linear regression with repeated measures, adjusted for age, sex, diabetes duration,
and each baseline value, was used to estimate differences in mean changes. Both
intention-to-treat (ITT) analysis and per-protocol analysis (excluding 10 patients who
interrupted treatment) were performed.

RESULTS

Diacerein reduced HbA,. compared with placebo by 0.35% (3.8 mmol/mol; P=0.038)
inthe ITT analysis and by 0.41% (4.5 mmol/mol; P = 0.023) in the per-protocol analysis.
The peak of effect occurred at the 24th week of treatment (—0.61% [6.7 mmol/mol;
P = 0.014] and —0.78% [8.5 mmol/mol; P = 0.005], respectively), but it attenuated
toward nonsignificant differences at the 48th week. No significant effect of diacerein
was observed in other efficacy and safety measures. Diarrhea occurred in 65% of
patients receiving diacerein and caused treatment interruption in 16%. Seven pa-
tients in the diacerein group reduced insulin dosage, whereas 10 in the placebo group
increased it; however, mild hypoglycemic events were equally observed.

CONCLUSIONS

Diacerein reduced mean HbA, levels, with peak of effect at the 24th week of treat-
ment. The drug was well tolerated and may be indicated as adjunct treatment in
patients with type 2 diabetes, particularly in those with osteoarthritis.

The pivotal role of inflammatory pathways in the pathogenesis of type 2 diabetes and
its associated long-term complications currently is well accepted (1). The two main
physiopathological mechanisms underlying type 2 diabetes development and
progression, namely defective pancreatic 3-cell insulin secretion and peripheral
insulin resistance, both have immunoinflammatory-mediated bases, particularly those
involving the proinflammatory cytokine interleukin-1p (IL-1B) pathways (1,2). This
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2 Diacerein in Type 2 Diabetes Treatment

evidence has led to proposals to target
inflammatory pathways as potential
treatment for type 2 diabetes (3,4).
Diacerein (1,8-diacetoxy-9,10-dioxo-
dihydroanthracene-3-carboxylic acid), an
anthraquinone derivative found in Cassia
gender plants, has been indicated mainly
for the symptomatic treatment of osteo-
arthritis (5,6). Although its specific mech-
anism of action is still unclear, diacerein is
believed to act by its metabolite rhein as
an immune modulator by mainly inhibit-
ing the synthesis and activity of proin-
flammatory cytokines, such as tumor
necrosis factor-a (TNF-a), IL-6, and espe-
cially IL-183, in several experimental mod-
els of osteoarthritis (7-10). In animal
models of obesity and diabetes, diacerein
has been demonstrated to downregulate
IL-1B3, IL-6, and TNF-a and their down-
ward signaling in liver, adipose tissue,
pancreatic islets, and muscle (11,12); to
increase (3-cell mass and insulin secretion
by protecting B-cells from apoptosis
(13,14); and to reduce peripheral insulin
resistance, particularly in the liver and ad-
ipose tissue (12), resulting in improve-
ments in glucose tolerance and lower
fasting glycemia levels (11-14). More-
over, rhein has been shown to have ben-
eficial effects in experimental diabetic
nephropathy (15,16) and in diabetes-
related nonalcoholic fatty liver disease
(17,18). Despite this experimental evi-
dence, only one previous clinical study
(19) to our knowledge has assessed the
effect of diacerein in patients with type 2
diabetes. The study was a randomized
controlled trial (RCT) that showed poten-
tial beneficial effects of diacerein on im-
proving glycemic control, reducing
serum inflammatory biomarkers, and
increasing insulin secretion. However,
the study evaluated only a small sample
of 40 drug-naive patients with recent-
onset type 2 diabetes over a 60-day treat-
ment period. Therefore, we conducted a
nested RCT of patients with poorly con-
trolled type 2 diabetes and high cardio-
vascular risk in an ongoing cohort—the
Rio de Janeiro Type 2 Diabetes (RIO-
T2D) cohort study—to assess the efficacy
and safety of 1-year diacerein add-on
treatment in improving glycemic control.

RESEARCH DESIGN AND METHODS

Design Overview

The study was a single-center, randomized
(1:1), double-blind, parallel, placebo-
controlled clinical trial nested within the

RIO-T2D cohort conducted at a ter-
tiary care university hospital to assess
whether diacerein was superior to pla-
cebo in improving glycemic control of
patients with poorly controlled type 2
diabetes. All participants gave written
informed consent, and the local ethics
committee had previously approved the
study protocol (Rio de Janeiro, Brazil).
Participants were randomly assigned
after trial registration between Octo-
ber 2014 and January 2016, and the
last patient visit occurred in January
2017.

Eligibility
Eligible participants were current adult
RIO-T2D patients (=75 years of age) with
type 2 diabetes, with screening HbA;
levels between 7.5% (58 mmol/mol)
and 9.5% (80 mmol/mol), and on ei-
ther stable oral or insulin treatment.
The characteristics of the RIO-T2D co-
hort, its inclusion criteria, and its proce-
dures and diagnostic definitions have
been described previously (20-22).
Exclusion criteria were pregnancy, con-
comitant life-threatening diseases, signif-
icant cognitive impairment, advanced
renal failure (serum creatinine =177
pmol/L), chronic hepatic disorders (ex-
cept nonalcoholic fatty liver disease),
and major cardiovascular events in the
previous 6 months. All eligible partici-
pants (n = 142) entered an 8-week
run-in period where adherence to antidi-
abetic treatment was assessed by pill
counting and direct observation of insulin
administration.

Baseline Procedure

At the end of the 8-week run-in period,
before randomization, all patients had
fasting blood samples collected to assess
HbA1, glycemia, serum lipids, creatinine,
uric acid, liver function (alanine and as-
partate aminotransferases, y-glutamyl
transferase, alkaline phosphatase, and al-
bumin), and hematological/inflammatory
indices (hematocrit, leukocyte and plate-
let counts, serum ferritin, and C-reactive
protein). HbA;. was measured by boro-
nate affinity high-performance liquid
chromatography (Premier Hb9210; Trin-
ity Biotech, Sdo Paulo, Brazil) certified
by the National Glycohemoglobin Stan-
dardization Program. This assay has an
intra- and interassay coefficient of varia-
tion <2% and a linear range of measure-
ment from 3.8 to 18.5% and is highly
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specific with virtually no interference
from common hemoglobin variants.
No interference with diacerein is re-
ported. A 24-h sterile urine sample
was collected to assess 24-h albumin-
uria. Glomerular filtration rate was esti-
mated by the Chronic Kidney Disease
Epidemiology Collaboration equation
(23). Clinical blood pressure (BP) was
measured twice on two occasions (at
screening and at the end of the run-in
period) in the sitting position with a di-
gital BP monitor (HEM-907XL; Omron
Healthcare, Kyoto, Japan) and suitably
sized cuffs. Body weight and height
were also measured at screening and
the end of the run-in period.

Randomization and Intervention

At the end of the run-in period, 84 pa-
tients were considered adherent to anti-
diabetic treatment, persisted with HbA;.
levels between 7.5% (58 mmol/mol) and
9.5% (80 mmol/mol), and were random-
ized to placebo (n = 41) or diacerein
100 mg/day add-on treatment as a single
morning dosage (n = 43) for 48 weeks.
One specialized nurse, who used sealed
opaque envelopes in blocks of four, per-
formed the randomization, which was
stratified by sex, age (=60, >60 years),
and baseline HbA, level (7.5-8.4%, 8.5—
9.5%). This nurse distributed the al-
located medications but had no other
contact with the participants. All other
researchers, the attending physicians,
and the participants were blind to allo-
cated treatment.

Follow-up and Outcomes

Participants were followed by their attend-
ing physicians with a recommendation
to keep antidiabetic, antihypertensive,
and antilipidemic treatments unchanged
throughout the 48-week period, except
in case of hyperglycemic or hypoglycemic
warnings. Participants were seen at the
4th, 8th, 12th, 24th, 36th, and 48th weeks
by another specialized nurse who used a
standard questionnaire to assess adher-
ence to treatment by pill counting and ad-
verse event occurrence and at the 12th,
24th, 36th, and 48th weeks by their at-
tending physicians who repeated the
same laboratory examinations except for
24-h albuminuria, which was repeated
only at the 24th and 48th weeks. In case
of gastrointestinal intolerance, partici-
pants were instructed to change their
morning medication to the evening after
dinner. They were instructed to monitor
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daily fasting glucose levels and symptom-
atic events with glucometers. Hypoglyce-
mia events were classified as mild if
relieved by feeding or, if asymptomatic,
with documented blood glucose <3.3
mmol/L (60 mg/dL) and as severe if re-
quiring assistance (24). Researchers sent
hypoglycemic warnings indicating a re-
duction in antidiabetic treatment to the
attending physician if frequent (more
than one per month) mild hypoglycemia
events or any severe hypoglycemia
event were observed at the 4th, 8th,
12th, 24th, 36th, and 48th week labora-
tory examinations. In the same way,
hyperglycemic warnings indicating treat-
ment intensification were sent when-
ever any HbA;. >10% (86 mmol/mol)
or fasting glycemia >13.9 mmol/L
(250 mg/dL) was observed at the 12th,
24th, 36th, and 48th week laboratory
examinations.

The primary outcome was the differ-
ence in change from baseline in HbA,,
during treatment between the placebo
and diacerein groups. Secondary end
points were changes in other efficacy and
safety measurements, including fasting
glycemia, serum lipids, renal and hepatic
function parameters, hematological/
inflammatory indices, clinic systolic and
diastolic BPs, and body weight.

Statistical Analysis

Continuous data are described as mean
(SD) or median (range), and categorical
data are described as proportions. The
original sample size calculation aimed to
detect a difference of =0.4% in mean
HbA; . between the placebo and diacerein
groups, with an estimated SD of 1.0%, an
a-error of 0.05, and a statistical power of
0.80. A total of 200 randomized patients
would be necessary. During the screening
phase, it became clear that this number
would not be achieved, so the protocol
was amended to detect a minimum
HbA,. difference of 0.6%, dropping the
necessary number to 90 patients (45 in
each treatment arm). Differences in
changes during treatment for each out-
come were analyzed by general linear re-
gression modeling, with the 12th, 24th,
36th, and 48th week measurements en-
tered as repeated-measure dependent
variables, the allocation group as a
fixed-effect factor, and their respective
baseline values, age, sex, and diabetes
duration as adjusting random-effect cova-
riates. This analysis allows adjusted

comparisons of each time point measure-
ment as well as adjusted estimations and
comparisons of mean values and overall
changes during the entire 48-week period
between the placebo and diacerein
groups. Results are presented as esti-
mated mean values and changes from
baseline, with their respective 95% Cls,
for each treatment group and as the ad-
justed mean difference in changes be-
tween the placebo and diacerein groups.
For analyses of changes in y-glutamyl
transferase, ferritin, and C-reactive protein,
which had asymmetrical distributions, the
variables were natural log-transformed be-
fore entering the regression model, and
the results were then back-transformed.
Graphical analysis of residuals confirmed
assumptions of linear regressions. Missing
values were <10% for all variable mea-
surements, and they were handled by a
multiple regression imputation strategy.
Except for the placebo group participant
who died in the 16th week of treatment,
no other participant had a missing value
for longer than a 12-week period. Both
the intention-to-treat (ITT) analyses with
all randomized participants and the per-
protocol analysis excluding the 10 partici-
pants who interrupted the allocated
treatment (n = 8 and 2 in the diacerein
and placebo groups, respectively) were
performed. All statistical analyses were
performed with SPSS version 19.0 soft-
ware (IBM Corporation, Chicago, IL),
and a two-tailed P < 0.05 was regarded
as significant.

RESULTS

Baseline Characteristics

Of the 512 patients on current follow-up
screened, 142 entered the 8-week run-in
period, and 84 were randomized to pla-
cebo (n = 41) and diacerein (n = 43) treat-
ment (Fig. 1). Table 1 outlines the main
baseline clinical and laboratory partici-
pant characteristics. Except for higher
serum y-glutamyl transferase levels and
leukocyte count in the diacerein group,
the groups were well balanced for the
other characteristics. Most participants
were obese women with longer (10 years)
diabetes duration who already used insu-
lin (77%) on a metformin background.
Mean HbA;. was 8.2% (66 mmol/mol) in
both groups. No values were missing for
HbA,. and fasting glycemia during the
study except for the deceased placebo
group participant. Ten participants inter-
rupted the allocated treatment (n = 8 and
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2 in the diacerein and placebo groups,
respectively) during the study (Fig. 1),
and all who persisted on treatment had
adherence of at least 80% on the basis of
serial pill count.

Glycemic Control Change During
Treatment

Table 2 and Fig. 2A and B show mean
values and changes of HbA;. and fasting
glycemia according to allocated treat-
ment. Diacerein group participants had
a significantly lower mean HbA, level
(mean difference in change —0.35%
[3.8 mmol/mol]; P = 0.038) compared
with the placebo group. This difference
was most marked at the 24th week
(—0.61% [6.7 mmol/mol], 95% Cl —1.09
to —0.13; P =0.014), but was attenuated
at the 36th (—0.39% [4.3 mmol/mol],
95% Cl —0.83 to 0.05; P = 0.086) and
48th (—0.26% [2.8 mmol/mol], 95% CI
—0.75 to 0.22; P = 0.29) weeks. On per-
protocol analysis (excluding the 10
patients who interrupted the allocated
treatment), the overall difference be-
tween diacerein and placebo increased to
—0.41% (4.5 mmol/mol) (95% Cl —0.75 to
—0.06; P = 0.023), as did the differences
at the 24th (—0.78% [8.5 mmol/mol],
95% Cl —1.32 to —0.25; P = 0.005) and
36th (—0.47% [5.1 mmol/mol], 95% ClI
—0.96 to 0.02; P = 0.058) weeks. Other-
wise, no difference was found in fasting
glycemia levels between the placebo and
diacerein groups in either the ITT or the
per-protocol analysis. Figure 2C shows
the number of hyperglycemic warnings
at each time point of the study. A total of
19 hyperglycemic warnings were ob-
served on the basis of an HbA;. >10%
(86 mmol/mol) or a fasting glycemia
>13.9 mmol/L (n = 12 and 7 in the pla-
cebo and diacerein groups, respectively).
Figure 2D shows the number of hypogly-
cemic warnings during the study. A total
of 16 hypoglycemic warnings were ob-
served on the basis of frequent (more
than one episode per month) mild hypo-
glycemic events (n = 7 and 9 in the pla-
cebo and diacerein groups, respectively).
No severe hypoglycemic events were
observed during the study. Supplementary
Table 1 shows the cumulative number
of participants who either increased
or decreased their baseline antidia-
betic treatment because of hyperglyce-
mic or hypoglycemic warnings at each
time point of the study. This change oc-
curred exclusively in participants who
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512 patients screened (the RIO-T2D Cohort)

370 patients excluded:
93 older than 75 years
185 with HbA,, <7.5% (58 mmol/mol)
74 with HbA |, >9.5% (80 mmol/mol)
18 with serum creatinine >2mg/dL

A4

\
142 patients entered the 8-week run-in period

58 patients excluded:

> 8 refused to participate

24 non-adherent to treatment

26 with baseline HbA,, <7.5% (58 mmol/mol)

A2
84 patients underwent randomization

W W
43 Diacerein 41 Placebo

2 patients interrupted treatment:

8 patients interrupted _
1 died (stroke) at thel6th week

treatment before the 24thweek:

> 7 due to diarrhea s|  1due tQ loW GI. bleeding
1 due to dizziness (colonic diverticulosis) at the
36" week.
A 4 A 4
43 patients in ITT analysis 41 patients in ITT analysis
35 patients in per-protocol analysis 39 patients in per-protocol analysis

| Figure 1—Study flowchart. Low Gl, lower gastrointestinal tract.

used insulin. More participants in the 8 units/day, range 4-12), whereas more 10 units/day, range 4—16). No participant
diacerein group decreased insulin dos- participants in the placebo group in- began a new antidiabetic medication dur-
age (median insulin dose reduction creased it (median insulin dose increase ing the study.
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Table 1—Baseline characteristics of all participants and those randomized to placebo
and diacerein treatment

Characteristic All participants (n =84) Placebo (n=41) Diacerein (n=43)
Age (years) 64.8 (7.2) 63.7 (7.9) 65.8 (6.3)
Male sex 21.7 20.0 23.3
Weight (kg) 79.6 (14.3) 77.3 (12.8) 82.1(15.2)
BMI (kg/m?) 31.8 (5.1) 31.3(5.1) 32.3(5.2)
Waist circumference (cm) 101 (9) 100 (11) 102 (8)
Physical activity 25.0 22.0 27.9
Diabetes duration (years) 10 (6-18) 9 (5-17) 12 (7-19)
Chronic diabetic complications
Cerebrovascular disease 1.2 2.4 0
Coronary artery disease 14.7 13.5 15.8
Peripheral arterial disease 10.7 16.2 5.3
Retinopathy 23.3 22.9 23.7
Nephropathy 27.4 22.9 31.6
Peripheral neuropathy 17.6 194 15.8
Diabetes treatment
Metformin 86.7 85.0 88.4
Sulfonylureas 19.3 15.0 23.3
DPP-4 inhibitors 7.2 5.0 9.3
Insulin 77.1 77.5 76.7
Aspirin 86.7 82.5 90.7
Statins 97.6 95.1 100
Arterial hypertension 85.3 89.2 81.6
SBP (mmHg) 139 (21) 138 (18) 139 (24)
DBP (mmHg) 75 (12) 73 (12) 77 (11)
Laboratory variables
Fasting glucose (mmol/L) 8.4 (3.0) 8.5(3.4) 8.2 (2.7)
HbA;. (%) 8.2 (0.5) 8.2 (0.5) 8.2 (0.5)
HbA;. (mmol/mol) 66 (5.5) 66 (5.5) 66 (5.5)
Total cholesterol (mmol/L) 4.2 (1.0) 4.1 (1.0) 4.2 (1.0)
HDL-C (mmol/L) 1.2 (0.3) 1.1 (0.3) 1.2 (0.3)
LDL-C (mmol/L) 2.4 (0.9) 2.4 (0.8) 2.3 (0.9)
TAG (mmol/L) 1.5 (0.7) 1.4 (0.7) 1.5 (0.6)
SCr (nmol/L) 88 (26) 88 (25) 88 (26)
GFR* (mL/min/1.73 m?) 69 (19) 69 (19) 68 (19)
Uric acid (wmol/L) 315 (95) 321 (101) 309 (95)
Albuminuria (mg/24 h) 13 (7-30) 13 (6-32) 13 (7-27)
ALT (units/L) 44 (20) 43 (23) 45 (17)
AST (units/L) 28 (13) 28 (16) 27 (9)
GGT (units/L) 43 (30-62) 34 (27-54) 47 (38-94)
ALP (units /L) 97 (30) 92 (25) 100 (33)
Albumin (g/L) 38 (5) 39 (6) 38 (4)
Hematocrit (%) 38.7 (4.7) 38.6 (5.5) 38.8 (3.8)
Leukocyte count (X 10° cells/L) 8.1(2.4) 7.5 (2.1) 8.6 (2.6)
Platelet count (X 10° cells/L) 226 (59) 225 (67) 229 (52)
Ferritin (ug/L) 94 (46-147) 103 (43-157) 91 (48-139)
CRP (mg/L) 4.5 (2.0-8.5) 4.4(1.9-8.2) 4.8 (2.1-8.9)

Data are mean (SD), median (interquartile range), or percent. ALP, alkaline phosphatase; ALT,
alanine aminotransferase; AST, aspartate aminotransferase; CRP, C-reactive protein; DBP,
diastolic BP; DPP-4, dipeptidyl peptidase 4; GGT, y-glutamyl transferase; GFR, glomerular
filtration rate; HDL-C, HDL cholesterol; LDL-C, LDL cholesterol; SBP, systolic BP; SCr, serum creatinine;
TAG, triacylglycerol. *Estimated by the Chronic Kidney Disease Epidemiology Collaboration
equation.

Secondary End Points of Efficacy

and Safety

Table 2 presents the other efficacy and
safety secondary end points. No differ-
ences were found between the placebo
and diacerein groups regarding changes
in serum lipid levels, renal and liver

function tests, hematological indices, and
inflammatory markers. Particularly, non-
significant reductions were found in albu-
minuria (mean —4 mg/24 h; P=0.31) and
serum C-reactive protein (—2.0 mg/L; P =
0.14) in the diacerein group. Parallel to
HbA;. reduction, C-reactive protein

reduction also peaked at the 24th week
examination (—2.9 mg/L [95% Cl —6.5 to
0.6 mg/L]; P=0.10). In addition, no differ-
ences were seen in changes in weight and
mean BP levels between the diacerein
and placebo groups, although a nonsignif-
icantly 3-mmHg higher systolic and
2-mmHg higher diastolic BP were ob-
served in diacerein-treated participants.

No serious adverse events were attrib-
uted to diacerein. Supplementary Table 2
shows the adverse events that occurred
in =5% of the participants according to
treatment group. Gastrointestinal symp-
toms, particularly diarrhea and nausea/
vomiting, were the most frequent ad-
verse events, occurring more frequently
in the diacerein group mainly during the
first 12 weeks of treatment. Twenty-eight
(65%) participants in the diacerein group
experienced at least one episode of diar-
rhea or loose stools; these were mostly
self-limited and occurred mainly in the
first 4 weeks of treatment (22 participants
complained of diarrhea at the 4th week
visitand only 12 at the 12th week, 5 at the
24th week, and 0 at the 36th and 48th
week visits). Seven patients permanently
interrupted diacerein treatment because
of diarrhea between the 12th and 24th
week of treatment. No differences were
found in HbA,. reduction between diac-
erein group participants with and without
diarrhea.

CONCLUSIONS

This RCT evaluated the effects of diacer-
ein compared with placebo as add-on
48-week treatment in patients with inad-
equately controlled, long-established
type 2 diabetes. Diacerein reduced
mean HbA,;. by 0.35% (3.8 mmol/mol)
and 0.41% (4.5 mmol/mol) in the ITT
and per-protocol analyses, respectively,
compared with placebo. The magnitude
of glycemic improvement was greatest at
the 24th week of treatment (—0.61% [6.7
mmol/mol] and —0.78% [8.5 mmol/mol],
respectively), but it was attenuated
toward the 48th week. Otherwise, no ef-
fect on fasting glycemia levels was ob-
served. Moreover, no significant effects
of diacerein were observed regarding
body weight, BP levels, serum lipid levels,
renal and hepatic function, hematologi-
cal indices, and serum inflammatory
biomarkers, although a nonsignificant
mean reduction in C-reactive protein of
2.0 mg/L was observed that also peaked
(—2.9 mg/L) at the 24th week. The main
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Table 2—Mean values during the 48-week treatment and adjusted differences in mean changes between placebo and diacerein
for the primary and secondary outcomes

Placebo Diacerein R etealaIrerarce

Variable During treatment  Change from baseline  During treatment  Change from baseline in mean change P value
Glycemic control

HbA; . (%) 8.39(8.16t0 8.63)  0.19 (—0.04t00.43)  8.04 (7.81t08.27) —0.16(—0.39t00.07) —0.35(—0.68to —0.02)  0.038

HbA; . (mmol/mol) 68 (66 to 71) 2.1(—0.4t04.7) 64 (62 to 67) —1.7 (—4.3t0 0.8) —3.8(—7.4t0 —0.2)

Fasting glucose (mmol/L) 8.4 (7.7t09.1) 0.04 (—0.62 to 0.70) 8.4 (7.7 to 9.0) 0 (—0.64 to 0.64) —0.04 (—0.96 to 0.88) 0.92
Lipids

HDL-C (mmol/L) 1.2 (1.1to0 1.2) 0.01 (—0.05 to 0.07) 1.1(1.1t01.2) —0.03 (—0.09 to 0.03) —0.04 (—0.12 to 0.05) 0.39

LDL-C (mmol/L) 2.4 (2.2 t0 2.6) 0.05 (—0.15 to 0.25) 2.4 (2.2 to 2.6) 0.03 (—0.16 to 0.22) —0.02 (—0.30 to 0.25) 0.86

TAG (mmol/L) 1.8 (1.6 to 2.0) 0.2 (—0.04 to 0.4) 1.9 (1.7 to 2.1) 0.2 (0.02 to 0.4) 0.1(—0.2t00.3) 0.71
Renal

SCr (mol/L) 91 (87 to 94) 3.5(—0.9t07.1) 90 (86 to 94) 2.6 (—1.8t06.2) —0.9 (—6.2t0 5.3) 0.83

eGFR (mL/min/1.73 m?) 67 (64 to 70) —1.7 (—4.7 to 1.4) 67 (64 to 70) —1.5(—4.5t0 1.4) 0.2 (—4.1to 4.4) 0.96

Uric acid (wmol/L) 300 (284 to 316) —13(—29to 3) 295 (279 to 310) —18(—34to —2) —5(—27t0 17) 0.65

Albuminuria (mg/24 h) 26 (21 to 30) 0(—5to5) 22 (18 to 27) —4(—8to 1) —4(—10to 3) 0.31
Hepatic

ALT (units/L) 41 (38 to 45) —3(—6to1) 44 (40 to 47) —1(—4to3) 2(—3to8) 0.34

AST (units/L) 26 (24 to 28) —1(—3to1l) 28 (26 to 29) 0(—2to2) 1(—1to4) 0.34

GGT (units/L) 61 (54 to 67) 2(—5to 8) 61 (55 to 67) 2(—4t08) 0(—9to9) 0.95

ALP (units/L) 95 (89 to 101) —1(=7to5) 91 (85 to 97) —5(—11to 0) —4(—12to 4) 0.33

Albumin (g/L) 37 (37 to 38) —1(—2to0) 38 (37 to 39) 0(—1to1l) 1(0to?2) 0.16
Hematological/inflammatory

Hematocrit (%) 39.3 (38.4 t0 40.3) 0.6 (—0.3t0 1.5) 39.3 (38.4 to 40.1) 0.6 (—0.3 to 1.4) —0.1(-13t012) 0.90

Leukocyte count (X 10° cells/L) 8.0 (7.7 to 8.4) —0.03 (—0.4 t0 0.3) 8.0 (7.6 to 8.3) —0.09 (—0.4 to 0.3) —0.06 (—0.6 to 0.4) 0.82

Platelet count (X 10° cells/L) 229 (223 to 235) 3(—4to9) 232 (226 to 238) 6 (0to 12) 3(—5to012) 0.44

Ferritin (j.g/L) 130 (103 to 157) —13 (—40 to 13) 131 (106 to 157) —12 (—37to 13) 1(—36to38) 0.94

CRP (mg/L) 7.9 (6.0 to 9.8) 1.1 (—0.8t0 2.9) 5.9 (4.0 to 7.8) —0.9(—2.8t00.9) —2.0(—4.5t00.7) 0.14
Vital signs/anthropometrics

Weight (kg) 79.7 (79.1 to 80.3) 0.1 (—0.5t00.7) 79.4 (78.8 to 79.9) —0.2 (—0.8t0 0.3) —0.3(—1.1t0 0.5) 0.42

SBP (mmHg) 139 (135 to 143) —0.1(—4.2 to 4.0) 142 (138 to 146) 2.9(—1.0t06.9) 3.0(—2.7t0 8.7) 0.30

DBP (mmHg) 75 (73 to 78) 0.4 (—2.1t02.8) 78 (75 to 80) 2.5 (0.1 to 4.9) 2.1(—1.3105.6) 0.22

Data are mean (95% Cl). Values adjusted for their respective baseline values, age, sex, and diabetes duration from generalized linear mixed-effects
modeling. ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; CRP, C-reactive protein; DBP, diastolic BP; eGFR,
estimated glomerular filtration rate; GGT, y-glutamyl transferase; HDL-C, HDL cholesterol; LDL-C, LDL cholesterol; SBP, systolic BP; SCr, serum creatinine;

TAG, triacylglycerol.

adverse effect of diacerein treatment was
diarrhea, which occurred in 65% of the
patients and caused treatment interrup-
tion in 16% of them.

To our knowledge, only one previous
RCT of diacerein treatment was per-
formed in patients with type 2 diabetes
(19). This study randomized 40 patients
with recent-onset drug-naive type 2 dia-
betes to 60 days’ placebo (n = 20) or diac-
erein treatment and found significant
reductions in mean HbA;. (—1.3% [14.2
mmol/mol]), fasting glycemia (—1.1
mmol/L), and serum TNF-« and IL-1f3 lev-
els accompanied by significant increases
in first and late phases of insulin secre-
tion as measured by a hyperglycemic-
hyperinsulinemic clamp. The current
study advances these preliminary find-
ings on the efficacy of diacerein treat-
ment to a larger group of patients with
long-duration type 2 diabetes treated
for alonger (1-year) period, hence increas-
ing generalizability and clinical applicabil-
ity. Other anti-inflammatory drug trials

were performed in patients with type 2
diabetes (1,3), such as with hydroxychloro-
quine (25,26), IL-1B receptor blockade/
antagonism (2,27-29), and salicylates
(salsalate) (24). Most showed mean
HbA; . reductions compared with placebo
in the range observed in the current study
(0.3-0.8%) (1-3). The magnitude of mean
HbA; . reduction obtained with diacerein
was arguably rather modest, but it was in
the same range of the effects observed
with dipeptidyl peptidase 4 inhibitors
(30), which are approved and marketed
as hypoglycemic drug treatment for
type 2 diabetes.

Attenuation of diacerein effect on
HbA,. reduction was observed between
the 6-month and 1-year treatments,
which may be partially attributed to con-
comitant antidiabetic treatment changes,
especially insulin dosage adjustments,
that occurred mainly in the last half of
the study, with more reductions in diac-
erein group participants and more in-
creases in placebo group participants,

thus decreasing estimates of diacerein ef-
ficacy. Nevertheless, diabetes disease pro-
gression and attenuation of drug efficacy
might also have contributed. Moreover,
most of the participants were already us-
ing insulin, so they should be considered
as hyperglycemic insulin resistant. This
characteristic may have led to less room
for improvement in glycemic control of
any new add-on treatment. Furthermore,
almost all participants were using other
drugs, such as metformin, statins, low-
dose aspirin, and renin-angiotensin system
blockers, which have potential pleiotropic
anti-inflammatory actions (1) and might
have contributed to a lesser effect of a
specific anti-inflammatory therapy (1,2).
The observation of the lack of any effect
of diacerein on fasting glycemia levels, al-
though significantly reducing mean HbA,,
is intriguing. We speculate that diacerein
may have stronger effects on postpran-
dial glycemia because of better 3-cell
function and increased hyperglycemia-
induced insulin secretion, as suggested
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Figure 2—Changes in mean HbA; (A) and fasting glycemia (B) during placebo and diacerein treatments. Bars represent SEM. Numbers of hyperglycemic
(C) and hypoglycemic (D) warnings during each time point for the placebo and diacerein treatments. (A high-quality color representation of this figure is

available in the online issue.)

previously (13,14,19), than on fasting gly-
cemia because of a lesser effect on noc-
turnal hepatic gluconeogenesis. However,
in a comprehensive experimental study
in mice with high-fat diet-induced obesity
(12), diacerein improved both insulin se-
cretion by reducingislet cell inflammation
and peripheral insulin sensitivity by im-
proving insulin signaling in liver and adi-
pose tissue.

The most frequently observed adverse
event of diacerein was diarrhea, which led
to treatment interruption in 16% of the
participants. This side effect of diacerein
is well-known (5,6,31). Mild hypoglycemia
events, which are also a relative measure
of efficacy, occurred slightly more fre-
quently in the diacerein group than in
the placebo group, but all episodes were
observed in participants who concomi-
tantly used insulin. On the other hand,
no worsening of albuminuria or increase
in serum lipids, body weight, and BP lev-
els, as reported during salsalate treat-
ment (24), was observed in the current
study. Furthermore, no change in renal and

hepatic function tests and any hematological
index was found. Because osteoarthritis is
frequently associated with type 2 diabetes
(32) and may result in several disabilities
(33), diacerein may be the first-line treat-
ment in place of salicylates or other non-
steroidal anti-inflammatory drugs in
patients with osteoarthritis and type 2 di-
abetes because of its greater cardiorenal
safety. Of note, the European Medicines
Agency endorsed restrictions to diacerein
use because of risks of severe diarrhea
and hepatotoxicity in patients with previ-
ous liver disease (34). Moreover, diacerein
is only established for hip and knee oste-
oarthritis treatment (5,6).

This study has some limitations. First, it
still included a small number of patients,
which restricts ascertainment of long-
term diacerein efficacy and safety. Larger,
possibly multicenter, RCTs are warranted.
Second, no direct measure of 3-cell func-
tion or peripheral insulin sensitivity was
performed. Hence, no mechanistic infer-
ence (only speculated) on diacerein action
can be made. Third, we lack information

on physical activity changes during the
study, which might have at least in part
contributed to the beneficial effect of diac-
erein to glycemic control by improving
osteoarticular symptoms. Finally, as previ-
ously discussed, this study enrolled pa-
tients with long-standing, inadequately
controlled type 2 diabetes, most of whom
were already on optimized treatment with
insulin. Thus, the results cannot be gener-
alized to patients with recent-onset diabe-
tes on metformin monotherapy in whom
the effect of diacerein on glycemic control
is expected to be higher than we demon-
strate here.

In conclusion, this RCT is the first to our
knowledge to assess the effects of diacerein
on glycemic control over a 48-week pe-
riod. Diacerein reduced overall mean
HbA;. levels, with a peak effect at the
24th week of treatment but with attenu-
ation toward the 48th week. The drug was
well tolerated without serious adverse
events (except for diarrhea) and may be
indicated as adjunct treatment in patients
with type 2 diabetes, particularly in those
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with concomitant symptomatic osteoar-
thritis. However, larger RCTs with longer
follow-up periods are needed to assess
long-term cardiorenal safety as well as di-
acerein efficacy in preventing or reducing
chronic macro- and microvascular diabetic
complications (35).
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