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Thiazolidinediones have shown antidepressant effect in animal studies, as well as in some uncontrolled studies evaluating human subjects
with concurrent major depressive disorder (MDD) and metabolic syndrome. Although these drugs are insulin sensitizers, they also have
important anti-inflammatory, neuroprotective, and anti-excitotoxic properties. Thus, we hypothesized that they would show
antidepressant effect in patients with MDD even if it was not accompanied by metabolic disturbances. In this double-blind placebo-
controlled study, 40 patients with MDD (DSM-IV-TR) and Hamilton depression rating scale-17 (Ham-D) score =22 were randomized
to citalopram plus pioglitazone (15mg every 12h) (n=20) or citalopram plus placebo (n=20) for 6 weeks. Patients were evaluated
using Ham-D (weeks 0, 2, 4, 6). Repeated-measure analysis of variance (ANOVA) and analysis of covariance were used for comparison
of scores between the two groups. Treatment response (=50% reduction in Ham-D score), remission (Ham-D score<7), and early
improvement (=20% reduction in Ham-D score within the first 2 weeks) were compared between the two groups using Fisher's exact
test. Pioglitazone showed superiority over placebo during the course of the trial (F(1, 38) =9.483, p =0.004). Patients in the pioglitazone
group had significantly lower scores at all time points than the placebo group (P<0.01). Frequency of early improvement, response
(week 6), and remission was significantly higher in the pioglitazone group (95%, 95%, 45%, respectively) than in the placebo (30%, 40%,
15% respectively) group (P<0.001, <0.001, 0.04, respectively). Frequency of side effects was similar between the two groups.
Pioglitazone is a safe and effective adjunctive short-term treatment in patients with moderate-to-severe MDD even in the absence of

INTRODUCTION

Despite the advent of several antidepressant medications, the
treatment of major depressive disorder (MDD) is still far
from optimal (Warden et al, 2007). A large proportion of
patients with MDD do not respond to their first medication
(Trivedi et al, 2006b; Warden et al, 2007; Schatzberg, 2008).
To achieve favorable response, these patients are generally
treated by either switching to another treatment or with
augmentation therapy. Recently, combination therapy from
the beginning of treatment has been suggested to achieve
higher responses and remission rates (Blier et al, 2010;
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Nelson et al, 2004; Blier et al, 2009), although not all studies
(Rush et al, 2011) have supported this notion. In the recent
decade, several augmentative strategies for treatment of MDD
have been developed. Some of these treatment modalities
focus on recently developed hypotheses of pathophysiologi-
cal processes in patients with MDD (Akhondzadeh et al,
2009; Muller et al, 2006; Abolfazli et al, 2011). These mainly
include immune system dysfunction, hypothalamic-pituitary-
adrenal (HPA) axis and metabolic derangements, impaired
neuroprotection, or neuroinflammation (Akhondzadeh et al,
2009; Fava and Rush, 2006).

The peroxisome proliferator-activated nuclear receptor
(PPAR)-gamma is a member of the nuclear receptor
family of transcription factors. The synthetic agonists of
this receptor (troglitazone, rosiglitazone, or pioglitazone)
known as thiazolidinediones (TZD) are primarily used
as antidiabetic drugs (Spiegelman, 1998). PPAR-gamma
has important anti-inflammatory, neuroprotective, antiox-
idative, and anti-excitotoxic properties (Garcia-Bueno et al,
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2010; Jeong et al, 2011). The activation of PPAR-gamma
by its natural (15d-PGJ2) or synthetic ligands is associated
with an increase in neurotrophic factors (Toyomoto et al,
2004; Garcia-Bueno et al, 2005). The activation of this
receptor also protects neurons from disruption of glucose
and glutamate metabolism following stress exposure, which
has an important association with MDD (Garcia-Bueno
et al, 2007).

Several studies have addressed the role of PPAR-gamma
agonists in the treatment of neuropsychiatric diseases
including Alzheimer’s disease and multiple sclerosis (Miller
et al, 2011; Kaiser et al, 2009). Studies on animal model of
MDD have shown beneficial effect of PPAR-gamma agonists
in the treatment of MDD (Sadaghiani et al, 2011; Budni et al,
2011; Eissa Ahmed and Al-Rasheed, 2009; Rosa et al, 2008).
In a case report in 2009, Kemp and colleagues reported a
patient with concomitant metabolic syndrome and resistant
MDD whose depressive symptoms responded markedly to
pioglitazone (Kemp et al, 2009). Subsequently, two other
uncontrolled pilot studies have addressed beneficial roles of
these drugs in patients with concomitant MDD and metabolic
syndrome (Kemp et al, 2012; Rasgon et al, 2010). However, as
mentioned above, PPAR-gamma agonists exert their effect on
the brain with a wide variety of mechanisms, most of which
are not directly related to their ‘insulin-sensitizing’ effect.
Furthermore, because these drugs are not associated with the
risk of hypoglycemia or significant cardiac side effects in
healthy individuals, they might be good augmentation candi-
dates in moderate-to-severe MDD.

Thus, we hypothesized that pioglitazone would show an
antidepressant effect even in depressed patients without
significant metabolic problems. In the present double-blind
placebo-controlled study, we aimed to evaluate the adjunc-
tive effect of pioglitazone to citalopram in the treatment of
patients with moderate-to-severe MDD who did not have
significant metabolic problems.

PATIENTS AND METHODS
Trial Design

This was a single-center, randomized, double-blind, placebo-
controlled, parallel-group study conducted in Tehran, Iran.

Participants

Eligible patients were individuals 18 to 50 years of age with
diagnosis of MDD based on DSM-IV-TR criteria, Hamilton
Depression Rating Scale-17 items (Ham-D) score of >22,
and a score of 2 or more on item 1 of Ham-D. All patients
and their legally authorized representatives had to sign a
written informed consent to be eligible for the study. All
patients were told that they could withdraw from the study
at any time. Citalopram had to be the drug of choice for the
patients regardless of other eligibility criteria. The protocol
was approved by the Institutional Review Board (IRB) of
Tehran University of Medical Sciences (Grant No: 9476).
The study was conducted in agreement with the Declaration
of Helsinki.

Patients with psychosis, problems in other DSM Axes or
other types of affective disorders, eating disorders, current
anxiety disorders (excluding specific phobia), substance
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abuse or dependence in the past 3 months, patients whose
score on the suicide item of the Ham-D was more than
two, or those who were judged to have substantial risk of
suicide by the physician were excluded from the study. In
addition, all patients who took other psychotropic (including
antidepressant) agents in the past 4 weeks or electrocon-
vulsive therapy in the past 2 months were excluded.
Furthermore, pregnant and lactating women, patients with
serious or life-threatening disease, those who fulfilled the
criteria for metabolic syndrome, and patients with drug- or
insulin-dependent diabetes, liver disease, or congestive
heart failure (New York Heart Association Class III and
IV) were not eligible for the study. All screened patients
underwent a thorough clinical, electrocardiographic, and
laboratory examination to test for the presence of diabetes,
metabolic syndrome, liver disease, and heart problems.
Metabolic syndrome was diagnosed using Adult Treatment
Panel (ATP)-III criteria: the presence of any three of the
following five traits: waist circumference in men >102cm
and in women >88 cm, serum triglycerides >150 mg/dl or
drug treatment for hypertriglyceridemia, serum HDL
cholesterol <40 mg/dl in men and <50mg/dl in women or
drug treatment for low HDL, blood pressure >130/85 mm Hg
or drug treatment for elevated blood pressure, and fasting
plasma glucose >100mg/dl or drug treatment for elevated
blood glucose.

Changes to Trial Design

There was an important change to the originally published
protocol, which was amended at the beginning of the study.
This was omission of a visit at the end of the first week to
decrease the total number of visits and to increase the
feasibility of the trial.

Study Settings

The study was conducted at an outpatient clinic of the
Roozbeh Psychiatric Hospital, a tertiary psychiatric referral
center affiliated with Tehran University of Medical Sciences,
Tehran, Iran, from April 2010 to April 2011.

Interventions

The patients were randomly assigned to receive either
pioglitazone (Actos, Eli Lilly, Indianapolis, USA) 15mg
every 12h or placebo (with the same shape, color, and taste
as pioglitazone) every 12h for six consecutive weeks. All
patients received citalopram 20 mg/day for the first week
followed by 30 mg/day for subsequent 5 weeks. In addition,
all patients who had sleep disturbances received 10mg
chlordiazepoxide each night for the first week.

Outcomes

The main outcome of the study was the Ham-D score, which
was measured at baseline, second, fourth, and sixth weeks.
The primary outcome measure was the difference of Ham-D
score at the end of sixth week between pioglitazone and
placebo group after controlling for baseline Ham-D scores.
We also compared the score changes in four visits: early
improvement (at least 20% reduction in Ham-D score in the



first two weeks), score reduction, response rates (at least
50% decrease in the Ham-D score), and remission rates
(Ham-D score<7) at the end of trial between the two
groups. Moreover, we compared the score changes in the
first 2 weeks and after the first 2 weeks between the two
groups. All patients were systematically asked for adverse
events in the second, fourth, and sixth week of the trial.
Adverse event recording was augmented by self-report from
the patients.

Sample Size

Using a power of 80% and two-sided significance of 5% with
a SD of four on the Ham-D scale (based on a previous study
by our group), and assuming a clinically significant
difference of four on the scale, we calculated a sample size
of 34. Assuming a 15% attrition rate, a final sample size of
40 subjects was calculated; the patients were anticipated to
be recruited within 1 year.

Randomization, Allocation Concealment, and Blinding

By using a computerized random number generator, study
subjects were randomized in a 1:1 ratio in blocks of four to
receive either pioglitazone or placebo in addition to their
standard treatment. Allocation concealment was done using
sequentially numbered, sealed, opaque, and stapled envel-
opes. Separate persons were responsible for randomization
and allocation, as well as interviewing. The physician who
referred the patient, the patients, the resident who
administered the drugs and rated the patients, and the
statistician were blinded to allocation.

Statistical Analysis

IBM SPSS Statistic 19.0.0 (IBM Corporation) was used to
analyze the data. We reported continuous variables as mean
(£ SD) and categorical variables as number (percentage)
unless stated otherwise. Analysis of covariance (ANCOVA),
controlling for the baseline score, was used to compare the
end-point score on Ham-D between placebo and pioglita-
zone groups. Two-factor analysis of variance (ANOVA) with
repeated measures was used to compare the score change
between the two groups (group as between-subject factor)
with four measurements as within-subject factor. In
repeated-measure testing, whenever Mauchly’s test of
sphericity was significant, we used Greenhouse-Geisser
correction for degrees of freedom. ANCOVA was used to
compare the scores at each time point, as well as the score
changes between the groups. We calculated Cohen’s d effect
sizes by dividing the mean difference of score change in the
two groups by their pooled SD at each time point. Fisher’s
exact test was used for comparison of proportions
(including frequency of side effects, percentage of respon-
ders, early improvers, and patients with complete remis-
sion) between the two groups. In addition, risk ratios with
95% confidence intervals were reported for categorical
outcomes. A p-value of <0.05 was considered statistically
significant.
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RESULTS
Participants

After screening 64 patients for selection criteria, 40 eligible
patients were assigned to either pioglitazone plus citalopram
(n=20) or placebo plus citalopram (n = 20). Table 1 shows
baseline data of the patients. There were no dropouts or
reports of serious adverse events during the course of the
study. Three patients in the pioglitazone group and four
patients in the placebo group received 10 mg chlordiazep-
oxide for 1 week. All patients entered analysis with their
complete data. Baseline Ham-D scores were not different
between the two groups (meantSD for pioglitazone=
25.6 £ 3.7, for placebo=25.1 £ 3.2, p=0.685).

Analysis of Outcomes

ANCOVA with control for baseline Ham-D scores showed
significantly lower scores in the pioglitazone group than in
the placebo group at the second, fourth, and sixth week

Table | Baseline Characteristics of the Patients

2095

Variable Pioglitazone group Placebo group
(n=20) (n=20)

Age, years, mean £ SD 314+54 32754

Sex, female, n (%) 14 (70%) 15 (75%)

Married, n (%) 8 (40%) 8 (40%)

University education, 6 (30%) 7 (35%)

n (%)

Number of previous 3608 35+08

episodes, mean = SD

Drugs used in last
episode, n (%)

Baseline weight, kg,
mean £ SD

Body mass index,
kg/m?, mean % SD

Systolic blood
pressure, mm Hg,
mean £ SD

Baseline Hamilton
Depression rating scale
score, mean £ SD

Fasting blood glucose,
mg/dl, mean = SD

Fasting plasma insulin,
pU/ml, mean £ SD

Hemoglobin AIC, %,
mean £ SD

Triglyceride, mg/dl,
mean + SD

Low density
lipoprotein, mg/d|,
mean + SD

High density

lipoprotein, mg/dl,
mean = SD

Fluoxetine: 12 (60%);
Venlafaxine: 4 (20%);

Sertraline: 4 (20%)
703+78

23971367

124+ 34

25637

879+ 129
6.6%+25
55+05

1458519

9681278

5171214

Fluoxetine: 10 (50%);
Venlafaxine: 5 (25%);
Sertraline: 5 (25%)
68.7£95
22.64%3.30

128 £30

25.1+£32

902+ | 1.1
68+29
58+0.7

149.8 £50.7

97.1 £30.6

495%20.6

Abbreviations: n, number; SD, standard deviation.
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(Table 2). Using the same test, the pioglitazone group
showed significantly greater score reduction from baseline
to week 2 (Cohen’s d =1.33, 95% CI=10.62 to 1.99), and to
week 6 (Cohen’s d=10.77, 95% CI=0.12 to 1.41), compared
with the placebo group. However, score change between the
second and sixth week was not different between the two
groups (Cohen’s d =0.17, 95% CI = —0.45 to 0.79) (Table 2).

Supporting ANCOVA results, two-factor ANOVA with
repeated measures showed significantly better results in
patients in the pioglitazone group than those in the placebo
group (F(1, 38) =9.483, p=10.004) (Figures 1 and 2). Using
Greenhouse-Geisser correction, the effect was also signifi-
cant for time (F(1.580,60.050) =294.393, p<0.001) and
time-treatment interaction (F(1.580, 60.050)=7.116,
p=0.003).

Fisher’s exact test showed significantly higher frequency
of early improvement (at least 20% reduction in Ham-D
score in the first 2 weeks) in the pioglitazone group than in
the placebo group (95% in the pioglitazone group vs 30%
in the placebo group, p<0.001) (Table 3). Patients in
the pioglitazone group also showed significantly better
response to treatment (at least 50% reduction in the score)
by the fourth and the sixth week (Table 3). Three patients
(15%) in the placebo group and nine patients (45%) in the
pioglitazone group achieved remission (Ham-D score<7)
by week 6 (p=0.04) (Table 3).

Adverse Events

None of the patients in the pioglitazone group experienced
edema, cardiorespiratory symptoms, or hepatic abnormalities.

Table 2 Comparison of Scores and Score Changes Between the Two Groups Using Analysis of Covariance

Ham-D score Pioglitazone group Placebo group Mean difference F(l, 37) P-value
mean (95% CI) mean (95% CI) pioglitazone-placebo (95% CI)
Week 2 166 (154 to 17.8) 20.1 (19.3 to 21.8) -39 (=56 to —22) 21.32 <0.001
Week 4 120 (105 to 134) 158 (143 to 17.3) —38 (=59 to —1.7) 1353 0.001
Week 6 8.6 (7.1 to 10.2) 120 (105 to 13.6) —34 (-56t0 —12) 9.60 0.004
Change from baseline to week 2 —8.7 (—10.0 to —=7.5) —4.8 (—6.0 to —3.6) —39 (-56to —22) 21.32 <0.001
Change from baseline to week 6 —16.7 (—183 to —152) —134 (=149 to —11.8) —34 (-56to —1.2) 9.60 0.005
Change from week 2 to week 6 —84 (-9.8 to —7.0) —85 (9.7 to —7.4) 02 (—=181t023) 0.30 0.871

Abbreviations: Ham-D, Hamilton Depression Rating Scale; 95% Cl, 95% confidence interval.

Mean of each group represents the mean after adjusting for baseline score.

64 patients screened

Y

24 patients excluded:

Y

Not meeting inclusion criteria: 10
Meeting exclusion criteria: 8
Refused to participate: 6

40 randomized

r

A

20 assigned to Citalopram+ Pioglitazone

20 assigned to Citalopram + Placebo

k.

20 completed trial

Figure | Flow diagram of the trial.
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Over the period of the trial, 12 side effects were recorded, the
most common of which was sexual dysfunction (22.5%).
There was no significant difference in weight change from the
baseline in week 6 between the two groups (pioglitazone
group at sixth week: 70.25 +7.53kg, change from the base-
line = —0.05 £ 0.60 kg; placebo at sixth week: 68.85 + 9.57 kg,
change from the baseline=0.1510.37kg; p-value for the
difference of weight changes between the two groups = 0.213).
The frequency of side effects did not differ between the two
groups (Table 4). None of the patients in either group showed
a significant weight gain (7% or more increase in weight) at
the end of the study.

DISCUSSION

To the best of our knowledge, this was the first randomized
controlled trial that evaluated the role of pioglitazone in
patients with MDD without any significant metabolic
problems. Our study showed that pioglitazone is an effective
and safe adjunct to citalopram in patients with moderate-to-
severe MDD.

All previously published human studies on this topic have
addressed the role of TZDs in patients with concomitant
MDD and metabolic syndrome or diabetes. There are two
published pilot, open-label studies addressing the role of
rosiglitazone and pioglitazone in patients with MDD and

30 -
a 254 —a— Pioglitazone
—C— Placebo
E L2t
5 5 L
@ .
; N T
= i‘* F
% 15 4 e ok
+ \ .
c
10 H\“‘i
Week 0 Week 2 Week 4 Week 6
Week

Figure 2 Results of two-factor repeated measure ANOVA for compar-
ison of Hamilton depression rating scale scores (mean+ SEM) over time
between the pioglitazone and placebo groups. ¥*P<0.01, ***P<0.001.
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insulin resistance or metabolic syndrome, respectively
(Rasgon et al, 2010; Kemp et al, 2012). Both of these studies
showed a decrease in depressive symptoms along with the
improvement of metabolic biomarkers. A part of the
antidepressant effect of pioglitazone is likely to come from
its insulin-sensitizing effect. This statement might be further
supported by studies that have shown beneficial augmenta-
tive effect of exercise (which have insulin-sensitizing
activity) on MDD (Trivedi et al, 2006a; Trivedi et al,
2011). The present study provided substantial evidence of
the efficacy of pioglitazone in patients with MDD even when
it was not accompanied by metabolic disturbances as
evidenced by baseline data of the patients. Although findings
of the present study do not rule out the involvement of the
insulin-sensitizing effect of pioglitazone in its antidepressant
activity, it might also reflect other roles of PPAR-gamma
receptor in the CNS. This notion is particularly strengthened
by evidence of effects of PPAR-gamma agonists on other
neuropsychiatric disorders such as autism and multiple
sclerosis, in which inflammation has an important role
(Miller et al, 2011; Kaiser et al, 2009). PPAR-gamma agonists
act as important neuroprotective, anti-inflammatory, anti-
oxidative, and anti-excitotoxic agents (Garcia-Bueno et al,
2010). They have interactions with several important
inflammatory, metabolic, and neurotrophic growth factors

Table 4 Frequency of Side Effects in the Study Groups

Side effects Citalopram plus Citalopram plus P
Pioglitazone: n (%) Placebo: n (%) value
Anxiety 3 (15%) 2 (10%) 1.00
Decreased I (5%) 2 (1%) 1.00
appetite
Increased 3 (15%) I (5%) 0.60
appetite
Sexual 4 (20%) 5 (25%) 1.00
dysfunction
Muscle aches 3 (15%) I (5%) 0.60
Nausea 4 (20%) 3 (15%) 1.00
Headache 3 (5%) I (5%) 0.60
Sweating 2 (10%) 2 (10%) 1.00
Stomach ache 4 (20%) I (5%) 0.34
Insomnia 2 (10%) 4 (20%) 0.66
Sore throat 2 (10%) 0 0.48
Yawning | (5%) I (5%) 1.00

Table 3 Comparison of Outcome Indexes Between the Two Groups

Placebo (n=20)

P-value of Fisher’s exact test Risk ratio (95% CI)

Outcome Pioglitazone (n=20)
Number (%) of early improvers 19 (95%)
Number (%) of remitters 9 (45%)
Number (%) of responders at week 4 14 (70%)
Number (%) of responders at week 6 19 (95%)

6 (30%)

8 (40%)

<0.00] 0257 (0.126 to 0.523)
3 (15%) 004 0412 (0.148 to 1.147)
5 (25%) 00! 0368 (0.166 to 0.820)

<0.00l 0.109 (0016 to 0.730)

Early improvement: at least 20% decrease in Hamilton depression rating scale (Ham-D) score by week 2.

Response: at least 509% decrease in Ham-D score.
Remission: Ham-D score of 7 or less.
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in the brain (Garcia-Bueno et al, 2010). Prevention of stress-
induced rise in iNOS activity, inhibition of nuclear factor
kappa B, and prevention of expression of TNF-az in an
animal model of stress and neuronal inflammation are
components of the elucidated actions of these drugs, which
might be linked with pathophysiology of MDD (Munhoz
et al, 2008). PPAR-gamma receptor activation might be a
mechanism through which anti-inflammatory drugs exert
their effect on inflammatory CNS disorders (Heneka and
Landreth, 2007). In one study for example, PPAR-gamma
agonists could prevent COX-2 in LPS-stimulated microglia
and neurons (Kim et al, 2002). The antidepressant effect of
COX-2 inhibition by celecoxib has been shown in several
clinical trials (Akhondzadeh et al, 2009; Muller et al, 2006;
Chen et al, 2010). Another possible explanation of the
antidepressant effect of pioglitazone is its inhibitory effect
on the glycogen synthase kinase (GSK)-3f pathway and its
stimulatory effect on beta-catenin (Ponce-Lopez et al, 2011;
Budni et al, 2011). Higher levels of active GSK-3f in the
ventral prefrontal cortex is associated with lifetime risk of
MDD, whereas beta catenin activity decreases in patients
with MDD (Karege et al, 2012). Importantly, impaired
neuronal response to stress and neurotransmission, circa-
dian rhythm impairments, neuroinflammation, and immune
system dysfunction, all of which might be seen in MDD, are
strongly controlled by GSK-3f (Jope, 2011).

One important finding in our study was the significantly
higher number of early improved patients (95%) in the
pioglitazone group than in the placebo (30%) group. Some
large-scale studies have shown that early improvement
(defined as 20% reduction in the depression score within
2 weeks) can sensitively predict better response and higher
remission rates (Kim et al, 2011). On the contrary, the
absence of early improvement with a high negative
predictive value indicates the absence of sustained response
after week 4 (Henkel et al, 2009; van Calker et al, 2009). In
our study, this was supported by significantly higher
response rates at week 4 (70%) and week 6 (95%) and
remission rate at week 6 (45%) in the pioglitazone group
than in the placebo group. It is noteworthy that a 95%
response rate in the pioglitazone group is higher than that
reported in most published studies on drug trials of MDD
(Joyce et al, 2002; Apler, 2011; Maes et al, 1999; Fava and
Rush, 2006; Trivedi et al, 2006b; Warden et al, 2007; Marcus
et al, 2008).

Although pioglitazone caused a rapid reduction in the
Ham-D scores in the first 2 weeks and the difference
between the two groups remained highly significant until
the end of the trial, this additional symptom-reducing
effect was not seen in subsequent weeks. This pattern of
pioglitazone augmentation of citalopram resembles that
of aripiprazole augmentation of antidepressants in a large
study of more than 350 patients. In that study, aripiprazole
led to a rapid reduction of depression score in the first
2 weeks, after which there was no more score reduction in
the aripiprazole-augmented group compared with the non-
augmented group (Marcus et al, 2008). Whereas the
mechanism of this rapid effect remains to be established,
this characteristic of pioglitazone is a key factor in reaching
response and remission in patients with MDD.

Augmentation strategies frequently address treatment-
resistant MDD. However, a new line of thought has
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suggested combination therapy from initiation of antide-
pressant treatment to improve response and remission
rates. This is supported by some (Blier et al, 2009; Blier
et al, 2010; Nelson et al, 2004) but not all studies (Rush et al,
2011). Three 6-week studies have compared antidepressant
efficacy of the combination therapy with that of mono-
therapy. Response rate of patients to citalopram mono-
therapy in our study (40%) is comparable to the reported
response rates of 43-54% for mono-therapy in the
mentioned studies (Nelson et al, 2004; Blier et al, 2009;
Blier et al, 2010). The remission rate of 15% in the
citalopram group in our study is also comparable to the
7-26% remission rates by week 6 in the above-mentioned
studies. The remission rate in our combination therapy
group (45%) was also comparable to that of previous
studies (43-58%). Greater severity of MDD in our study
compared with previous studies might explain why the
response rate (95%) was much more than that of previous
studies (61-76%), whereas the remission (Ham-D <7) rate
in our combination therapy group was similar to that in
previous studies (Blier et al, 2009; Blier et al, 2010; Nelson
et al, 2004).

Frequency of adverse events did not show significant
difference between the two groups. Results of several small
studies have shown good tolerability of TZDs in patients
with neuropsychiatric diseases (Miller et al, 2011; Kaiser
et al, 2009; Geldmacher et al, 2011). Among anti-
hypoglycemic drugs, hypoglycemia is particularly rare with
pioglitazone and is often limited to diabetic patients who
are on combination therapy (Vlckova et al, 2010). Edema
(a well-known side effect of pioglitazone) was not seen in
our study, which might be because of the shorter duration
of treatment, smaller sample size, and the smaller dosage
(30mg) than most studies. In addition, in a recent meta-
analysis, pioglitazone mono-therapy was not associated
with increased odds of edema (Berlie et al, 2007).
Furthermore, short-term use of pioglitazone was not
associated with weight gain, which is a common side effect
with the routine use of this drug. Nevertheless, larger safety
studies in nondiabetic patients who take TZDs are required
to reach a meaningful conclusion.

Our study was the first double-blind placebo-controlled
study addressing the efficacy of pioglitazone in MDD. In
addition, it was the first study (to our knowledge) that
evaluated the role of pioglitazone in MDD unaccompanied
by diabetes and metabolic syndrome. Nevertheless, it had
some limitations. Although our study design was capable of
detecting clinically significant differences between the two
groups, it was not planned for and thus limited in
interpretation of safety issues. Small sample size and short
follow-up duration prevented us from assessing the long-
term effects of pioglitazone in these patients. In addition,
pioglitazone was used as a fixed-dose preparation, which
might not be the case in everyday clinical practice.
Moreover, metabolic biomarkers were not tested during
the study. Thus, the present study was also limited in
assessment of metabolic action of pioglitazone in healthy
patients with MDD.

In summary, we showed that pioglitazone is an effective
and safe short-term adjunctive modality in nondiabetic
patients with MDD. In particular, pioglitazone is
associated with high rate of early improvement, and thus



response and remission, which makes this drug a poten-
tially useful augmentative strategy in patients with moder-
ate-to-severe MDD.
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