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Abstract
Objective—This study was conducted to examine the safety and efficacy of pioglitazone, a
thiazolidinedione insulin sensitizer, in adult outpatients with major depressive disorder.

Method—In a 12-week, open-label, flexible-dose study, 23 patients with major depressive
disorder received pioglitazone monotherapy or adjunctive therapy initiated at 15mg daily. Subjects
were required to meet criteria for abdominal obesity (waist circumference >35 in. in women and
>40 in. in men) or metabolic syndrome. The primary efficacy measure was the change from
baseline to Week 12 on the Inventory of Depressive Symptomatology (IDS) total score. Partial
responders (≥25% decrease in IDS total score) were eligible to participate in an optional extension
phase for an additional three months.

Results—Pioglitazone decreased depression symptom severity from a total IDS score of 40.3 ±
1.8 to 19.2 ± 1.8 at week 12 (p<.001). Among partial responders (≥ 25% decrease in IDS total
score), an improvement in depressive symptoms was maintained during an additional 3-month
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extension phase (total duration = 24 weeks) according to IDS total scores (p<.001). Patients
experienced a reduction in insulin resistance from baseline to Week 12 according to the log
homeostasis model assessment (−0.8 ± 0.75; p<.001) and a significant reduction in inflammation
as measured by log highly- sensitive C-reactive protein (−0.87 ± 0.72; p<.001). During the current
episode, the majority of participants (74%, n=17), had already failed at least one antidepressant
trial. The most common side effects were headache and dizziness; no patient discontinued due to
side effects.

Limitations—These data are limited by a small sample size and an open-label study design with
no placebo control.

Conclusion—Although preliminary, pioglitazone appears to reduce depression severity and
improve several markers of cardiometabolic risk, including insulin resistance and inflammation.
Larger, placebo-controlled studies are indicated.

INTRODUCTION
Although the monoamine theory has contributed to understanding the pathophysiology of
mood disorders, monoamine-based treatments remain limited in fully addressing the needs
of patients with MDD. Thus, the identification of non-catecholamine neurotransmitter
systems as the point of intervention for patients with mood disorders has become the focus
of neuroscience research over recent years, and includes such targets as neurotrophic factors,
extracellular receptor-coupled kinases, and inhibitors of glycogen synthase kinase-3
(Mathew et al., 2008). Modulation of insulin signaling pathways has likewise been proposed
as an alternative approach to relieving depression, as insulin and related peptides are
hypothesized to play a critical role in neuroplasticity and neuroprotection within the central
nervous system (Burgdorf et al., 2010; Eissa Ahmed et al., 2009; McIntyre et al., 2008;
Rasgon et al., 2007).

In clinical practice, a high rate of obesity and other cardiometabolic disorders is frequently
observed among individuals seeking treatment for mood disorders (McElroy et al., 2004).
For instance, elevated visceral fat mass is associated with a greater likelihood of becoming
depressed (Voegelzangs et al., 2010), suggesting that the biological mechanisms associated
with increased cardiometabolic risk may contribute to the development of depression.
Further substantiating this theory, prospective studies show that patients with the metabolic
syndrome or insulin resistance syndrome experience a significantly elevated risk of
developing depression (Almeida et al., 2009; Koponen et al., 2008).

Pioglitazone is an oral hypoglycemic agent of the thiazolidinedione class (Davidson, 2005).
Its primary action is to enhance insulin sensitivity in adipose tissue, skeletal muscle, and the
liver. Although its mechanisms of action are not fully understood, pioglitazone is a highly
selective and potent agonist for the peroxisome proliferator-activated receptor gamma
(PPAR-gamma) that regulates a transcription factor responsible for glucose and fat
metabolism. Pioglitazone effectively lowers fasting blood glucose levels and also reduces
glycosylated hemoglobin, but is associated with a low likelihood of hypoglycemia (Jain et
al., 2006). In patients with type-2 diabetes, pioglitazone treatment results in a shift of fat
distribution from visceral to subcutaneous depots, thereby improving hepatic and peripheral
tissue sensitivity to insulin (Miyazaki et al., 2002). Thiazolidinediones also exert anti-
inflammatory effects on a variety of cell types, and for this reason are being considered for
the treatment of diseases with an inflammatory etiology, such as inflammatory bowel
disease (Saubermann et al., 2002), psoriasis (Mittal et al., 2009), and atherosclerosis (Igrashi
et al., 2008). Pioglitazone is also being tested in autism (Boris et al., 2007), Alzheimer’s
Disease (Pershadsingh et al., 2004), and multiple sclerosis (Kaiser et al., 2009), where its
ability to reduce microglial activation (Heneka et al., 2005), decrease neuronal damage
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(Zhao et al., 2006), and enhance brain glucose utilization through increased neuronal
mitochondrial biogenesis (Strum et al., 2007) holds promise for treating neuropsychiatric
disorders.

A case report of an individual with treatment refractory depression suggests that
pioglitazone may be useful in reducing depression severity and improving the insulin
resistance associated with metabolic syndrome (Kemp et al., 2009). Rosiglitazone, another
insulin sensitizer of the thiazolidinedione class, has been shown to have antidepressant-like
activity using the mouse tail suspension test and the rat forced swimming test, two models
sensitive to the effects of antidepressants (Eissa Ahmed et al., 2009). In humans, a pilot trial
found rosiglitazone to be associated with significant depressive symptom decline over 12
weeks when administered to patients with insulin resistance and unipolar or bipolar
depression (Rasgon et al., 2010). From a mechanistic standpoint, a reduction in depression
severity with pioglitazone may occur due to a decrease in visceral adiposity, decreased
inflammation, and/or an improvement in insulin sensitivity. Pioglitazone is also recognized
to cross the blood brain barrier (Maeshiba et al., 1997) and may mediate a reduction in
depressive symptoms by increasing neuronal survival (Fuenzalida et al., 2007; Zhao et al.,
2006), increasing glial uptake of excitotoxic molecules (Romera et al., 2007), or modulating
Ca-dependent pathways in the brain (Pancani et al., 2009). A better understanding of the
mechanisms linking insulin resistance with depression outcomes could inform interventions
to not only reverse cardiometabolic risk factors in this vulnerable population, but also
uncover novel mechanisms of antidepressant action. To that end, we evaluated pioglitazone
as monotherapy or adjunctive therapy for the treatment of major depressive episodes that co-
occurred with abdominal obesity. The study’s primary objective was to evaluate the
antidepressant efficacy of 12 weeks of open label treatment with pioglitazone. Secondary
objectives were to assess whether pioglitazone could effectively improve the parameters
associated with metabolic syndrome and insulin resistance.

METHOD
This 12-week, open-label, prospective trial in major depressive disorder (MDD) was
conducted at the Mood & Metabolic Clinic of University Hospitals Case Medical Center at
Case Western Reserve University after approval by the Institution Review Board. Written
informed consent was obtained from all subjects prior to participation. Participants were
enrolled from April 2008 to November 2009. Subjects were treated to evaluate the safety
and efficacy of pioglitazone in the treatment of major depressive episodes in adult patients
with MDD. Participants demonstrating at least a partial antidepressant response (≥ 25%
reduction in depression severity) to pioglitazone were offered treatment for an additional 12
weeks during an extension phase.

Patient population
Outpatients aged 18 to 70 years who met the Diagnostic and Statistical Manual of Mental
Disorders 4th Edition Text Revision (DSM-IV-TR) criteria for the diagnosis of MDD
without psychotic features were eligible for inclusion in the study. Baseline depression
symptom-severity in this sample was high moderate to severe. A current diagnosis of MDD
was confirmed using the Mini-International Neuropsychiatric Interview (MINI) (Sheehan et
al., 1998). Patients were required to have a Quick Inventory of Depressive Symptoms
(QIDS) (Trivedi et al., 2004) score ≥ 11 and either the presence of abdominal obesity or
metabolic syndrome as established by the National Cholesterol Education Program’s Adult
Treatment Panel III (2001). Patients were excluded if they had an unstable medical
condition, were taking another glucose-lowering agent, or met criteria for dependence on
alcohol or drugs within 3 months prior to enrollment.
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Study medication
Open-label pioglitazone was administered as monotherapy or adjunctive therapy over 12
weeks and initiated at 15mg daily in a single dose. Dose increases were individually titrated
according to patient response and tolerability at four week intervals, up to a maximum of 45
mg daily. If patients were already taking concomitant antidepressant medication, dose
changes were not permissible either within 4 weeks of receiving pioglitazone or during the
study itself. Receipt of lorazepam or zolpidem for anxiety or insomnia was permitted.

Efficacy evaluations
Clinical assessments were conducted at baseline and then at weeks 1, 2, 3, 4, 6, 8, 10, and
12. For patients entering the extension phase, additional assessments were conducted at
weeks 16, 20, and 24. The primary efficacy variable was the mean change in the Inventory
of Depressive Symptomatology (IDS) (Trivedi et al., 2004) from baseline to Week 12.
Secondary analyses included an assessment of anxiety symptoms by the Structured
Interview Guide for the Hamilton Anxiety Scale (Shear et al., 2001), global symptom
severity by the Clinical Global Impressions (CGI) scales for change and severity of illness
(Guy, 1976), self-assessment of depression symptom severity by the QIDS (Trivedi et al.,
2004), and disability by the Sheehan Disability Scale (Leon et al., 1997).

Medical and laboratory assessments
A detailed medical and psychiatric history was performed, including a physical examination,
where anthropometric measurements were obtained such as height, weight and waist
circumference. Laboratory assessments included a basic chemistry panel, complete blood
count, thyroid and liver function tests, fasting lipid profile, and urine toxicology for drugs of
abuse. Women of childbearing potential had urine pregnancy tests at study inception and
used two forms of medically accepted birth control throughout the trial. Adverse events
were elicited by both spontaneous report and direct verbal query. Insulin resistance was
estimated using the homeostasis model assessment of insulin resistance (HOMA-IR), a
widely used surrogate measure that is calculated by: (fasting insulin (µU/ml)) × (fasting
glucose (mg/dL)) ÷ 22.5 (Matthews et al., 1985).

Statistical analyses
Simple descriptive statistics (mean ± SD) were obtained for the patients' demographic and
baseline clinical characteristics. The data were log-transformed for insulin, HOMA-IR,
triglycerides/HDL-C ratio, triglycerides, highly sensitive C-reactive protein, IL-1 and IL-6
to satisfy the normality assumption required by Student’s t-test. The primary and secondary
efficacy analyses were performed on the intent-to-treat (ITT) population, which included all
patients who took at least one dose of study medication and had at least one post-baseline
efficacy assessment. The primary a priori endpoint was symptom severity as assessed by the
change from baseline to final assessment in the IDS total scores. The outcome measures CGI
severity, SIGH-A total score, IDS-C total score, QIDS total score and SDS total score were
analyzed using mixed-model repeated-measures (MMRM) regression analysis. In the
MMRM models, patient was treated as a random effect and visit week as a fixed effect. A
compound symmetry matrix was specified as the appropriate structure for the variance-
covariance matrix used to describe the relationship among the time (visit week) data points.
Means and standard errors are reported. Twelve-week and 24-week changes (Figure 2) from
baseline were assessed using linear contrasts on the MMRM models. Overall mean change
in cardiometabolic and inflammatory biomarkers were calculated for each patient and
analyzed for statistical significance using the paired t-test. A two-tailed p-value < 0.05 was
considered statistically significant; p-values were not adjusted for multiplicity of
comparisons. A positive response was defined as a ≥ 50% reduction in IDS total score.
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Remission was defined as an IDS total score ≤ 15. Data were analyzed using SAS software
(SAS for Windows, version 9.2, SAS Institute Inc., Cary, NC).

RESULTS
Patients and disposition

Thirty-six patients consented for participation in the study. Thirteen patients completed
screening but were either ineligible or chose not to participate (Figure 1). Twenty-three
patients were enrolled and received open-label pioglitazone; the mean daily dose of
pioglitazone was 32.7 mg (range 15–45mg/day). A summary of baseline demographic and
clinical characteristics is presented in Table 1. Eighty-seven percent (n=20) were female,
57% (n=13) were Caucasian, and 78% (n=18) had at least some college education. Lifetime
generalized anxiety disorder was diagnosed in 57% (n=13) of patients and 44% (n=10) had a
lifetime history of an alcohol use disorder. Seventy-four percent (n=17) of subjects had
failed at least one antidepressant during the current depressive episode and 39% (n=9) had
failed 3 or more antidepressants.

Three patients in the intent-to-treat sample discontinued before completing the 12-week
study period. One patient each discontinued prematurely due to withdrawal of consent, study
non-compliance, and development of an exclusionary medical illness. Twenty (87%)
patients completed the entire 12 weeks of the study’s acute phase.

Efficacy at 12 weeks
Pioglitazone significantly reduced symptoms of depression across both clinician- and
patient-rated assessments of depression severity (Table 2). The total mean IDS score
decreased from 40.3 ± 1.8 at baseline to 19.2 ± 1.8 (p<.001). Self-reported assessments of
depression symptom severity reflected a similar improvement with mean QIDS scores
decreasing from 15.2 ± 0.8 at baseline to 7.1 ± 0.8 (p<.001). Anxiety symptoms decreased
significantly according to the SIGH-A total score, decreasing from a mean of 22.6 ± 1.4 at
baseline to 11.7 ± 1.4 (p<.001). The mean CGI-S scores also decreased from 4.7 ± 0.2 to 2.5
± 0.2 (p<.001). The categorical response criteria were met by 65% (N=15) of patients on
both the IDS and QIDS at the acute phase endpoint. Remission of depressive symptoms was
achieved by 22% (N=5) of patients on both the IDS and QIDS.

The presence or absence of metabolic syndrome did not appear to affect the change in
depression severity. Similar reductions in IDS scores were observed in patients with
metabolic syndrome (−20.4 ±2.5; p<.001) as compared to patients without metabolic
syndrome (−22.4 ± 3.3; p<.001). When stratified by use of concomitant antidepressant
therapy, patients receiving pioglitazone monotherapy experienced a similar decrease in
mean IDS total scores (−20.7 ± 3.2; p=.001) as did patients using pioglitazone as an
adjunctive therapy (−21.3 ± 2.7; p<.001).

Glucose metabolism
Effects of pioglitazone on anthropometric measurements, glucose, lipoproteins, and
inflammatory biomarkers are shown in Table 3. Patients experienced a significant decrease
from baseline in fasting plasma glucose (−8.2 mg/dl ± 13.3 mg/dl; p=.01). Likewise, fasting
log insulin levels (mg/dL) and insulin resistance (as assessed by log HOMA-IR) decreased
significantly among pioglitazone-treated subjects from baseline to Week 12 (−0.72 mg/dl
±0.70; p=.001) and (−0.81 ±0.75; p<.001), respectively. In the overall sample, the
correlation between the change in insulin resistance and change in depression severity was
not significant. Two participants had extremely elevated basal insulin levels, believed to be
due to noncompliance with fasting procedures and a lab error, respectively. When these
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outliers were excluded, the reduction in insulin resistance was significantly correlated with
improvement in depression severity (r=0.46, p=0.048).

Lipids
The fasting lipid profile analyses showed a significant reduction in LDL cholesterol (−13.0
mg/dl ± 26.5 mg/dl; p=.04) and a trend for reduced log triglycerides (−0.23 ± 0.56; p=.08)
from baseline to the Week 12 endpoint. HDL-C levels significantly increased over 12 weeks
of pioglitazone treatment (5.7 mg/dl ± 10.0 mg/dl; p=.02).

Three month extension phase
During the optional extension period, patients continued to show a gradual improvement in
depressive symptoms. The mean reduction from baseline in IDS total score was 27.0 points
at Week 12 and 27.8 points at Week 24. Likewise, the mean reduction from baseline in
QIDS total score was 11.2 points at Week 12 and 9.9 points at Week 24. Ninety percent
(n=9) of patients entering the extension phase remained antidepressant responders to
pioglitazone. The change from baseline in log HOMA-IR (−1.0 ± 0.82; p<.01) and log
fasting insulin (−0.95 mg/dl ± 0.78 mg/dl; p<.01) remained significant at Week 24, as did
the change in HDL-C (11.9 mg/dl ± 6.8 mg/dl; p<.001) and waist circumference (−2.4 in. ±
1.2 in.; p<.001).

Inflammatory biomarkers
Levels of inflammatory cytokines appeared to decrease over 12 weeks of treatment with
pioglitazone, including a significant reduction in log highly-sensitive C-reactive protein
(−0.87 ± 0.72; p<.001). Mean decreases in log IL-6 levels also occurred from baseline to
Week 12, although statistical significance was only observed at the Week 4 time point
(−0.22 ± 0.38; p=0.04). Among the treated sample, no significant changes were observed in
tumor necrosis factor (TNF)-α levels.

Participants experiencing an antidepressant response (≥ 50% decrease in IDS total score) to
pioglitazone experienced a trend reduction in log IL-6 levels at week 4 (−0.26 pg/ml ± .44
pg/ml; p=0.08). Similarly, a trend for reduced levels of IL-1β occurred from baseline to
Week 4 among antidepressant responders (−2.08 pg/ml ± 1.78 pg/ml; p=0.06). No
significant changes were observed in TNF-α levels among pioglitazone responders or non-
responders at any point during the study.

Treatment-emergent adverse events
Adverse events occurring in ≥ 5% of pioglitazone-treated subjects are shown in Table 4.
The most common adverse events were headache and dizziness. No patient discontinued
because of side effects. There were no serious adverse events. One patient discontinued due
to development of shortness of breath and findings suggestive of mild congestive heart
failure on a chest radiograph. However, on further examination the patient was found to
have developed infection with the H1N1 influenza virus, which accounted for the respiratory
findings. One participant developed peripheral edema and no participants developed
clinically significant weight gain (≥ 7% body weight). The mean body weight of patients
increased non-significantly by 2.0 ± 7.2 pounds (p=.21) over 12 weeks.

DISCUSSION
The present open-label study is the first clinical trial to evaluate the efficacy and safety of
pioglitazone in patients with MDD and co-occurring abdominal obesity. The results indicate
significant improvement in depressive symptoms following pioglitazone treatment over an
acute 12-week period. For patients continuing on pioglitazone over 24 weeks, a consistent
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antidepressant effect was maintained according to both clinician- and patient-rated
assessments of depression severity. Moreover, efficacy results were similar in patients
treated with monotherapy pioglitazone or when administered as an adjunctive therapy with a
conventional antidepressant(s).

A protocol defined response (≥ 50% decrease in IDS total score) occurred in 65% (n=15) of
the sample, and 22% (n=5) of patients met criteria for remission. These outcomes are
comparable to the STAR*D trial, in which response and remission rates were 49% and 37%,
respectively (Rush et al., 2006). Representing the first large-scale trial to compare the
effectiveness of different antidepressant strategies for patients who did not become symptom
free after initial treatment with citalopram, STAR*D suggests that lower remission rates
should be expected when additional treatment steps are required. As 52% (n=12) of patients
enrolled in the present trial had failed 2 or more antidepressant treatments during the current
episode, the observed response and remission rates are striking, but may be inflated as an
inadequate response to past antidepressant trials was not observed prospectively.

Approximately 57% (n=13) had a lifetime co-occurring generalized anxiety disorder.
Among all patients the mean SIGH-A scores at study entry were approximately 23,
indicating the presence of a moderate level of anxiety severity. The significant improvement
in symptoms of anxiety with pioglitazone suggests that therapeutic benefit may extend
beyond a potential ability to acutely relieve depressive symptoms.

Overall pioglitazone was very well tolerated, with no serious adverse events reported. None
of the patients discontinued prematurely due to an adverse event during the acute 12-week
phase. Consistent with pioglitazone’s side effect profile in type-2 diabetes, a non-significant
mean weight gain was observed (Shah and Mudaliar, 2010). The increase in body weight
was presumably due to an increase in subcutaneous as opposed to visceral adiposity, given
that measurements of waist circumference decreased significantly. Pioglitazone has been
observed to remodel abdominal fat tissue, differentiating preadipocytes into small fat cells
within subcutaneous depots and redistributing large fat cells from visceral into subcutaneous
fat depots (Miyazaki et al., 2002). These changes are accompanied by improved glycemic
control and improved hepatic and peripheral tissue sensitivity to insulin.

In this study, pioglitazone also produced improvement on measures of glucose homeostasis
and dyslipidemia. In type-2 diabetes, pioglitazone has well documented effects for reducing
HbA1c and has been shown to reduce all-cause mortality, non-fatal myocardial infarction,
and stroke in patients at high risk for macrovascular events (Dormandy et al., 2005). In the
present study, treatment with pioglitazone significantly improved the atherogenic profile of
patients with abdominal obesity or metabolic syndrome. Significant improvements occurred
in LDL-C and HDL-C levels, while a trend occurred for a decrease in triglycerides and total
cholesterol. These findings are in concert with long-term results of pioglitazone therapy in
patients with diabetic dyslipidemia, where durable improvements in triglyceride and high-
density lipoprotein cholesterol levels occurred independent of baseline statin therapy
(Spanheimer et al., 2009). Pioglitazone was also associated with a significant reduction in
levels of highly sensitive C-reactive protein, a biomarker of inflammation implicated in the
risk of both first incident and recurrent cardiovascular events (Zacho et al., 2008).

Converging lines of clinical and pre-clinical research support the rationale for studying
thiazolidinediones in the treatment of depressive disorders. Not only can depression
precipitate the occurrence of insulin resistance and states of increased cardiometabolic risk,
but the metabolic syndrome (Koponen et al., 2008), type-2 diabetes (Pan et al., 2010), and
abdominal obesity (Vogelzangs et al., 2010) have all been identified as risk factors for the
development of depression. Population-based studies have found that men and women with
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metabolic syndrome are twice as likely to develop depressive symptoms as compared to
individuals without metabolic syndrome at baseline (Koponen et al., 2008). Similarly, in a
large cohort of community-based older men aged 65–84 years old, metabolic syndrome at
the time of recruitment was associated with a 137% increase in the adjusted risk of incident
depression (Almeida et al., 2009). These findings suggest that reducing the prevalence of
metabolic syndrome could potentially lead to a decline in the prevalence of depression.

Alterations in insulin signaling pathways may also represent part of the underlying
pathophysiology of mood disorders. For instance, insulin signaling has been shown to
regulate dopamine-mediated neurotransmission in animal models (Williams et al., 2010). By
depleting insulin levels, amphetamine-induced dopamine release can be severely attenuated.
Related lines of research suggest that circulating levels of insulin can influence the function
of the norepinephrine and serotonin transporter, and in turn, extracellular levels of
norepinephrine and serotonin (Daws et al., 2009). In animal models, pioglitazone has been
shown to reduce the numbers of activated microglia and may mitigate the inflammation
associated with chronic and acute neurological insults (Kapadia et al., 2008). Activation of
inflammatory cytokines is known to stimulate indoleamine-2,3-dioxygenase. Stimulation of
the indoleamine-2,3-dioxygenase enzyme promotes the formation of kynurenine and
quinolinic acid, which have been correlated with depressive symptoms (Raison et al., 2010).
In animals, PPAR-gamma activation by pioglitazone has been shown to attenuate quinolinic
acid induced neurotoxicity (Kalonia et al., 2010).

A small pilot study involving the drug rosiglitazone, another member of the
thiazolidinedione class, has recently been reported to reduce depression severity in 12
patients with MDD and insulin resistance (Rasgon et al., 2010). In that trial, patients showed
a mean 39% reduction in Hamilton Depression Rating Scale scores, with 50% (n=4) of study
completers showing ≥ 50% reduction in severity. Although insulin resistance improved
significantly, no correlations were observed between change in depression severity and
change in insulin resistance. In contrast, change in insulin resistance in the present trial was
significantly correlated with change in depression severity, such that patients with greater
improvement in insulin sensitivity also experienced the greatest reductions in depressive
symptoms. Positive correlations between insulin resistance and severity of depressive
symptoms have been identified in cross-sectional studies of adults and adolescents
(Shomaker et al., 2010; Timonen et al., 2005), but whether insulin-resistant states lead to
depressed mood or vice versa is unclear. For the first time, we prospectively show that
intervention with a thiazolidinedione intended to reduce insulin resistance was correlated
with clinically meaningful reductions in depression severity. Although causality cannot be
determined, the finding does suggest that insulin sensitivity may be one biological mediator
of depression, and that efforts to increase insulin sensitivity through any number of
mechanisms (e.g. medications, exercise, diet) may generate sustainable antidepressant
effects.

Strengths of the present study include the use of objective and validated measures of
depressive symptomatology and use of a structured clinical interview to diagnose MDD. The
patient population was broadly representative and did not exclude patients with comorbid
anxiety disorders, substance abuse, or a variety of concurrent medical illnesses. The 12-
week duration was longer than several antidepressant trials which typically last only 6 to 8
weeks, serving to limit the potential for the observed improvement to be only a transient
phenomenon.

The results of this study should also be interpreted in the context of several limitations.
These data are uncontrolled and open-label. Response rates in open-label studies are
typically higher than those observed in studies employing a placebo-controlled design
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(Adam et al., 2005). The sample size was small and may have led to underestimation of
potential side effects that could emerge when pioglitazone is administered to a population
with major depression. Some patients received pioglitazone as augmentation to existing
psychotropic medications, potentially obscuring the full effect of the drug. Use of the
HOMA-IR technique to measure insulin resistance is not ideal because the model assumes
that insulin sensitivity values from hepatic and peripheral sources are equivalent. Future
studies may benefit from a more precise measure of approximating whole-body insulin
sensitivity, such as the Matsuda Index as derived from an oral glucose tolerance test
(Matsuda et al., 1999). The results reported for this prospective pilot study of pioglitazone
are encouraging, but are not definitive. These data support the conduct of larger, placebo-
controlled trials to fully delineate the role of pioglitazone in the treatment of patients with
depression and metabolic risk factors.

Metabolic abnormalities in patients with mood disorders present clinicians with a
challenging situation, as several medications newly approved for the adjunctive treatment of
acute major depressive episodes (i.e. aripiprazole and quetiapine extended-release) are
associated with an increased risk for weight gain, hyperglycemia and dyslipidemia (Chen et
al., 2011; Fava et al., 2009; Weisler et al., 2009). At present, pioglitazone and potentially
other agents that promote insulin sensitivity appear worthy of further study as they may
reduce depressive symptoms and address the cardiometabolic risks associated with mood
disorders. The preliminary research findings suggest that by treating underlying metabolic
defects, both the core mood symptoms and cardiometabolic abnormalities may improve.
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Figure 1. Patient Disposition During the Study Evaluating Pioglitazone as Antidepressant
Monotherapy or Adjunctive Therapy
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Figure 2. Change in Outcome Measures with Pioglitazone over the 24-week Study Period
Data are mean changes (± SEM) in scores from baseline at subsequent visits and at the end
of the acute phase (week 12) and extension phase (week 24). *p<.001. p values are from
MMRM analyses.
CGI=Clinical Global Impressions; IDS-C=Inventory of Depressive Symptoms;
QIDS=Quick Inventory of Depressive Symptoms; SDS=Sheehan Disability Scale; SIGH-
A=Structured Interview Guide for the Hamilton Anxiety Scale
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Table 1

Baseline Clinical Characteristics of Patients Treated with Pioglitazone for Major Depressive Disorder (N=23)

Mean SD

Age (yr) 44.6 10.2

Age of depression onset (yr) 18.2 12.4

Age first treated for depression (yr) 34.3 7.2

Number of prior depressive episodes 23.9 28.0

Number of prior hospitalizations 2.0 4.9

Number of prior suicide attempts 1.7 6.2

N %

Gender

  Male 3 13.0

  Female 20 87.0

Ethnicity

  White 13 56.6

  Black 9 39.1

  Hispanic 1 4.3

  Employed 13 56.6

Education level

  Less than high school degree 2 8.7

  High school degree 3 13.0

  Some college 9 39.1

  College degree 9 39.1

Number of failed antidepressant trials during the current episode

  0 6 26.1

  1 5 21.7

  2 3 13.0

  >=3 9 39.1

Prior electroconvulsive therapy 4 13.8

Comorbid diagnoses, lifetime

  Generalized anxiety disorder 13 56.5

  Panic disorder 6 26.1

  Post-traumatic stress disorder 5 21.7

  Obsessive-compulsive disorder 5 21.7

  Alcohol use disorder 10 43.5

History of physical abuse 6 26.1

History of verbal abuse 11 47.8

History of sexual abuse 8 34.8

Metabolic syndrome 15 65.2

Abdominal obesity 23 100.0
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Table 4

Incidence of Adverse Events Reported in ≥5% of Pioglitazone-Treated Subjects

Adverse event N %

Headache 6 26.1

Dizziness/lightheaded 5 21.7

Increased appetite 4 17.4

Weight gain 4 17.4

Musculoskeletal pain 4 17.4

Blurred vision 3 13.0

Nausea 2 8.7

Sedation 2 8.7

Hot Flashes 2 8.7

Insomnia 2 8.7

Pruritis 2 8.7
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