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Insulin-sensitizing medications were originally used in psychiatric practice to treat weight gain and other metabolic side effects that
accompany the use of mood stabilizers, antipsychotics, and some antidepressants. However, in recent studies these medications
have been shown to cause improvement in depressive symptoms, creating a potential new indication outside of metabolic
regulation. However, it is still unclear whether the antidepressant properties of these medications are associated with
improvements in metabolic markers. We performed a systematic search of the literature following PRISMA guidelines of studies
investigating antidepressant effects of insulin-sensitizing medications. We specifically focused on whether any improvements in
depressive symptoms were connected to the improvement of metabolic dysfunction. Majority of the studies included in this review
reported significant improvement in depressive symptoms following treatment with insulin-sensitizing medications. Nine out of the
fifteen included studies assessed for a correlation between improvement in symptoms and changes in metabolic markers and only
two of the nine studies found such association, with effect sizes ranging from R2= 0.26–0.38. The metabolic variables, which
correlated with improvements in depressive symptoms included oral glucose tolerance test, fasting plasma glucose and
glycosylated hemoglobin following treatment with pioglitazone or metformin. The use of insulin-sensitizing medications has a clear
positive impact on depressive symptoms. However, it seems that the symptom improvement may be unrelated to improvement in
metabolic markers or weight. It is unclear which additional mechanisms play a role in the observed clinical improvement. Some
alternative options include inflammatory, neuroinflammatory changes, improvements in cognitive functioning or brain structure.
Future studies of insulin-sensitizing medications should measure metabolic markers and study the links between changes in
metabolic markers and changes in depression. Additionally, it is important to use novel outcomes in these studies, such as changes
in cognitive functioning and to investigate not only acute, but also prophylactic treatment effects.
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INTRODUCTION
Metabolic dysregulation, specifically metabolic syndrome (MetS) is
common in bipolar disorders (BD) and major depressive disorder
(MDD). Compared to the general population, people with severe
mental illnesses (SMIs) have 1.6 times greater risk of MetS [1] and
almost three times greater odds of having obesity [2]. The presence of
MetS has implications for medical health and mortality, but it may
also impact the clinical characteristics of the psychiatric disorder.
Previous work has demonstrated that individuals with BD and MetS or
its components have an increased severity of psychiatric symptoms,
more lifetime episodes, more hospitalizations, shorter remissions,
lower functioning, greater risk of disability, increased risk of suicide
attempts, and impairments in cognitive functioning [3–12]. Addition-
ally these individuals have poorer response to psychiatric medications
[4, 13]. Consequently, it is important to test whether treatment of
diabetes could improve some of these psychiatric outcomes. This is
particularly relevant as the above-described psychiatric correlates of
MetS are difficult to address with current medications.
Insulin-sensitizing medications were originally used in psychiatric

practice to treat weight gain and other metabolic side effects that
come with the use of mood stabilizers, antipsychotics and some

antidepressants [14, 15]. Medications such as Metformin, Pioglita-
zone, Rosiglitazone, and SITAgliptin have proven efficacy in treating
metabolic dysregulation and weight gain [15–18]. However, in
recent studies, these medications have been shown to cause
improvement in depressive symptoms, creating a potential new
indication outside of metabolic regulation [19–21]. These studies
have opened a new area of research that could potentially aid in the
treatment of individuals with mood disorders. Studies and reviews
have already suggested improvements of depressive symptoms
with these insulin-sensitizing medications [22–24]. However, it is still
unclear whether this improvement in depressive symptoms is
associated with the improvement in metabolic markers. No review
has specifically focused on this question. This is a key issue,
especially as we generally do not understand the mechanisms
through which psychiatric medications work. Linking improvements
in psychiatric symptoms with specific changes in biochemical
markers could inform testing of medications with new pharmaco-
dynamic properties and it could also provide new techniques for
monitoring or predicting psychiatric treatment outcomes. In
addition, it is important to investigate the impact of diabetic
treatments on outcomes, which are currently difficult to address,
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such as cognitive impairment, disability, and chronicity. If adjunctive
treatment with antidiabetic medications can bring people closer to
their premorbid functioning, then it is important to see what other
factors may be playing a role in this improvement.
The present paper is a systematic review of studies using

insulin-sensitizing medications to treat depressive symptoms. The
specific question we wish to address is whether the improvement
in depressive symptoms is connected to the improvement of
metabolic dysfunction. In addition, we wanted to review how
many of the studies also looked at additional psychiatric/cognitive
outcomes, which have been associated with MetS or diabetes.

METHODS
In keeping with the PRISMA guidelines, we conducted a systematic
PubMed search restricted to “human” participants and using the
following search terms:(((“Depressive Disorder, Major”[Mesh] OR
“Bipolar Disorder”[Mesh] or bipolar[tiab] OR depressi*[tiab])) AND
(“Metformin”[Mesh] OR “Thiazolidinediones”[Mesh] OR metformin[-
tiab] OR thiazolidinedione*[tiab] OR pioglitazone*[tiab] OR rosigli-
tazone*[tiab] OR glitazone*[tiab])). We only included studies in the
English language published up to January 2022. (8,9,10). The bold
numbers in parentheses are the PRISMA checklist items. The last
search was performed on January 21st, 2022.
Using Covidence and following the PRISMA guidelines, we

systematically screened and extracted studies that met the
inclusion criteria as listed below (1,2,3,4). A manual search was
performed on the reference lists of included studies and
systematic reviews (5,11). No additional studies or data were
sought by contacting authors, experts, manufacturers, or others
(6). Inclusion criteria was developed prior to the search as follows:

(1) Individuals in a depressive episode with a primary diagnosis
of depression or bipolar disorder

(2) Prospective use of insulin-sensitizing medications as either
adjunctive or monotherapy

(3) Measurement of symptom improvement

We included randomized controlled trials and open-label
studies fulfilling the above inclusion criteria. Considering the
limited number of studies, including both types of studies seemed
preferable to ensure a comprehensive review of the literature in
comparison to solely focusing on RCT studies. We excluded
conference abstracts as well as letters to the editor, systematic
reviews, and meta-analyses.
Two reviewers (TT-O, TH/KV) independently screened titles and

abstracts to exclude articles that clearly did not fulfill the inclusion
criteria. Out of 334 studies, 310 were excluded. Twenty-four
potentially eligible studies were further assessed by retrieving full
texts. Nine studies were excluded (5 for study design, 3 for
outcomes, and 1 for participant population). Any disagreements
were resolved by consensus or referral to a third reviewer (TH). A
total number of 15 studies were included for further review
(14,15,16) [22, 23, 25–37]. Please see Fig. 1 for a visual schematic
of our screening process and Table 1 for a table of the included
studies.

RESULTS
Pioglitazone
Pioglitazone belongs to the thiazolidinediones (TZD) class and has
been at the forefront of this research area, as one of the most used
medications in studies assessing the potential antidepressant
effect of antidiabetic medications. Two of the included studies
were done by Kemp et al. which were both open-label studies
[32, 33]. A third open-label study was done by Hu et al., [30]. The
last six studies are double-blind randomized controlled trials
(RCTs) that compared pioglitazone to placebo or metformin
[23, 26, 31, 34, 36, 37].

Open-label studies
Sample sizes for the included open-label studies ranged from 23
to 118 [30, 32, 33]. The studies broadly differed in their inclusion
criteria. The first Kemp et al. study had a sample of individuals with

Fig. 1 Schematic of screening process.
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either the presence of abdominal obesity or MetS, while their
second study included individuals with either MetS or insulin
resistance (IR) [32, 33]. The last open-label study included
individuals with type 2 diabetes (T2D) [30].
In all of the open-label studies, there was an improvement in

either depressive symptoms, anxiety or illness severity [30, 32, 33]
after 8–12 weeks of treatment with pioglitazone, while one of
these studies also reported significant improvement in functional
disability [33].
In the first study, participants had a significant decrease in their

fasting plasma glucose (FPG) at 12 weeks compared to baseline, as
well as a significant decrease in fasting log insulin levels and IR
[32]. However, the correlation between the change in IR and the
change in depression severity was not significant [32]. Further-
more, reductions in depressive symptoms were comparable in
those with versus without MetS [32]. In the second study, there
was no association between high-sensitivity C-reactive protein
(hsCRP), FPG, Insulin Sensitivity Index (ISI) or homeostasis model
assessment of insulin resistance (HOMA-IR) and the change in
depression severity [33]. Hu et al. reported a decrease in the
fasting insulin levels (FINS) in the pioglitazone group but did not
assess a connection between this improvement and depressive
symptoms [30].

RCT studies
Sample sizes of the included RCT studies ranged from 37 to 104
[23, 26, 31, 34, 36, 37]. Kashani et al. and Lin et al. conducted their
respective studies in sample of individuals with IR [31, 34]. The
Roohafza et al. study sample included individuals with IR while the
Aftab et al. sample consisted of individuals with either MetS or IR
[26, 36]. The Zeinoddini et al. and Sepanjnia et al. studies excluded
individuals with history of T2D or MetS at baseline [23, 37].
Four of the six studies reported a significant improvement in

the depressive symptoms of the pioglitazone group compared to
the placebo or metformin group [23, 31, 36, 37]. In contrast, a
single study reported a borderline significant improvement in
symptoms in their placebo group in comparison to the
pioglitazone group [26]. While one study did not find a significant
difference in symptom improvement between their pioglitazone
and placebo groups [34]. Additionally, all studies that measured
metabolic markers reported improvements in them
[26, 31, 34, 36]. Roohafza et al. found a change in the pioglitazone
group’s HOMA-IR but they did not find a correlation between
HOMA-IR and changes in depression scores [36]. Aftab et al.
reported a significant decrease in HOMA-IR in the pioglitazone
group; however, there was not a correlation reported between the
metabolic marker and depressive symptoms [26]. Kashani et al.
reported that the effect of pioglitazone on mood was indepen-
dent of the drug insulin-sensitizing action as measured by HOMA-
IR [31]. Specifically, there was no association between change in
depressive symptoms and HOMA-IR change or HOMA-IR after
treatment [31]. In addition, metformin had minimal effect on
depressive symptoms (comparable to placebo) although it
improved the HOMA-IR similar to pioglitazone [31].
Only one study reported an association between changes in

metabolic markers and changes in depressive symptoms [34]. Within
the pioglitazone group, change in HDRS-21 was positively correlated
to change in oral glucose tolerance test (OGTT), R2= 0.26 [34].
Two studies did not quantify changes in metabolic markers or

assess the connection between the improvement in depressive
symptoms and metabolic markers [23, 37]. Based on the
registration, the Zeinoddini et al. study collected metabolic
markers, but only mentioned that they did not differ between
the groups [23].

Rosiglitazone
Rosiglitazone is another insulin-sensitizing medication that
belongs to the TZD class. There is only a single study investigating

its antidepressant efficacy as an add-on treatment in 12 depressed
individuals with IR [22]. Participants were given rosiglitazone as an
add-on treatment to their antidepressant medications over a 12-
week period [22]. This study reported a significant decline in
participant’s depressive symptoms and CGI scores [22]. The
Matsuda Index scores decreased, suggesting improvement of IR.
There was no association between depression severity or change
and metabolic markers or their change, other than an association
between TG/HDL ratio and depression scores [22].

Metformin
Metformin has been at the forefront of treating medication-
related metabolic dysregulation and continues to be successful in
doing so in practice. When it comes to studying its potential
antidepressant efficacy, the literature is mostly centered on its
uses in MDD. Two of the studies were open-label studies [27, 28].
The other two studies were blinded RCTs [25, 29].

Open-label studies
Sample sizes ranged from 44 to 86 and both studies were
completed in samples of individuals that did not have a known
metabolic comorbidity [27, 28]. Both studies reported improve-
ment in the depressive symptoms of people that were taking
metformin for 3 months [27, 28]. The first study reported that after
continuous use of metformin, there was significant reduction in
participant’s bodyweight, BMI, waist to hip ratios, fasting
concentrations of blood glucose, serum insulin levels [28]. The
second open-label study did not assess metabolic related markers
but did see improvements in participant’s emotional well-being,
energy/fatigue [27]. Neither of the studies assessed the connec-
tion between metabolic markers and depressive symptom
improvement [27, 28].

RCT studies
Sample sizes ranged from 58 to 80. The first RCT had a sample of
individuals without metabolic comorbidities, while the second
study was in a sample of participants with T2D [25, 29].
Both RCT studies reported significant improvement in partici-

pant’s depressive symptoms in comparison to the placebo groups
after 8 and 12 weeks of treatment with metformin [25, 29].
Abdallah et al. study did not assess metabolic markers [25]. The

last RCT study reported a significant decrease of HbA1c levels after
treatment with metformin [29]. Depressive symptoms positively
correlated with HbA1c levels at the end of the study with an effect
size of, R2= 0.38 [29]. Additionally, metformin improved partici-
pant’s cognitive performance in verbal memory index, visual
memory index, general memory index, attention, and concentra-
tion as well as delayed memory tasks [29]. These facets of
cognitive functioning were negatively correlated with depression
scores, with participants scoring higher on these tasks as their
depression scores decreased [29]. Based on these findings, the
authors suggested that antidepressant effects of metformin were
related to stable blood glucose levels and improved cognitive
functioning.

SITAgliptin
To date, there has only been one study assessing SITAgliptin for
treatment of depressive symptoms in individuals with T2D [35].
This study is a double-blind RCT with 44 participants with T2D and
depressive symptoms [35]. In their analysis of depressive scores,
the placebo group was favored on one measure but this finding
was not statistically significant. However, on a second self-report
measure, SITAgliptin was superior to placebo in alleviating
depressive symptoms [35].
For metabolic markers, there was a moderate to large difference

in HbA1c observed for the SITAgliptin group [35]. In contrast,
SITAgliptin’s impact on HOMA-IR and fasting glucose were not
statistically significant [35]. Moulton et al. also explored changes in

T. Toba-Oluboka et al.
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inflammatory markers. HsCRP had a small to moderate change
during the study, however this change was not statistically
significant [35]. This study did not explore the connection
between the change in depressive symptoms and changes in
metabolic markers.

DISCUSSION
The majority of studies included in this review reported that
treatment with insulin-sensitizing medications resulted in a
significant improvement in participant’s depressive symptoms
and in most RCTs this improvement was significant in comparison
to placebo or metformin. Most of the studies also found
improvements in metabolic markers. However, only 8 out of the
15 included studies assessed for association between improve-
ment in psychiatric symptoms and improvement in metabolic
markers and only two of these eight studies reported such
association [29, 34]. Specifically, improvements in OGTT and
HbA1c were associated with improvements in depressive symp-
toms during treatment with pioglitazone [34] or metformin [29].
Interestingly, both of these studies were RCTs, although one of
them was single blinded. At the same time in the seven other
RCTs, authors either did not report associations between
metabolic changes and symptom improvements [23, 25, 35, 37]
or found no such associations [26, 31, 36].
The fact that associations between symptoms and improve-

ments in metabolic markers were found only in RCTs, but not in
open-label observational studies is interesting. Perhaps there is a
patient or prescriber bias, which makes it difficult to detect such
associations, but it is not readily clear what such bias could be.
However, the overall pattern even in RCTs is far from clear, as
three other RCTs found no associations between improvements in
metabolic and mood symptoms. Specifically, one RCT reported
improvement in IR in absence of changes in depressive symptoms
[31]. The largest RCT reported that changes of HOMA-IR scores in
their pioglitazone group were not correlated with the changes in
depression scores, even though both HOMA-IR and depression
scores improved in this study [36]. The third study failed to
demonstrate antidepressant efficacy of pioglitazone over placebo
and in fact showed a trend favoring placebo. There were no
statistically significant correlations between symptoms and
inflammatory markers or insulin resistance (HOMA-IR) in this
study, even though there was a significant decrease in HOMA-IR
with pioglitazone compared to placebo [26].
Interestingly, whereas most studies reported improvements of

depressive symptoms and metabolic markers during the treatment,
six studies that assessed for association between depressive
symptoms and metabolic markers, including the three RCTs, did
not find one [22, 26, 31–33, 36]. One study even reported
improvement in IR in absence of changes in depressive symptoms
[31]. This interesting discrepancy generates many questions and
could also motivate the design of future studies. There are potential
methodological reasons for the preponderance of negative
findings, including small sample sizes, broad inclusion criteria,
broad diagnostic standards, resulting in patient and treatment
heterogeneity with regards to both psychiatric and metabolic
phenotypes. On the other hand, if the improvement in depressive
symptoms was strongly related to improvement in metabolic
markers, we would have seen a more consistent picture, even in the
presence of some heterogeneity across studies. Alternatively, it is
possible that the consistently reported improvement in depressive
symptoms on insulin-sensitizing medications is related to other
physiological or psychological processes such as anti-inflammatory
properties or weight loss which may result in improvement in
cognitive functioning [29, 38] or brain structure [39].
Mood disorders have been previously connected to neuroin-

flammation, demonstrated by an increase in cytokine levels,
findings of peripheral markers of oxidative stress, glial pathology,

blood-brain barrier dysfunction, and glutamate dysregulation [40].
Both clinical and preclinical findings suggest neuroinflammation
as a key factor that interacts with the three known neurobiological
pathways of major depressive disorder: dysregulation of the
hypothalamo–pituitary–adrenal axis, depletion of brain mono-
amines, and alteration of neurogenesis in the dentate gyrus of the
hippocampus [41]. Sustained neuroinflammation can lead to
synaptic impairment, neuronal death and cause flare ups in
multiple pathologies in the brain including mood disorders
[42, 43]. Several preclinical or clinical studies have described an
anti-inflammatory potential for antidiabetic agents acting either
directly on inflammatory pathways, or indirectly by controlling
hyperglycemia [44–46].
Another frequently described issue which is associated with

obesity is systemic inflammation [47]. Medications, which
specifically target inflammation may show some benefit in
psychiatry [24, 48, 49]. However, one of the included studies did
not find an association between improvement in depressive
symptoms and inflammatory markers [35]. Our focus here was on
antidiabetic medications, but considering their effects on inflam-
mation, which may be relevant, future reviews should specifically
focus on the broad category of anti-inflammatory medications.
Another mechanism through which insulin-sensitizing medica-

tions may improve mood symptoms might be the induction of
weight loss. It is well established that obesity is a risk factor for
mood disorders and vice versa [50–52]. In addition, obesity is
consistently associated with cognitive impairment [53] and
neurostructural alterations [54–57]. There is some evidence
suggesting that weight loss may improve brain structure [58]
which could also positively impact cognitive functions [59] and/or
psychiatric symptoms [60]. Antidiabetic medications are often
used in practice to assist in medication-related weight gain and
other metabolic side effects that come with the use of psychiatric
medications [15, 61]. In nine included studies, participants did not
develop clinically significant weight gain or loss
[22, 23, 25, 26, 31–35, 37]. Three studies did not evaluate changes
in BMI [27, 30, 36]. Only a single study reported that metformin
treatment significantly reduced bodyweight and BMI in 90 days
follow-up [28]. All in all, as most studies did not report weight
change in people whose depression improved, weight loss does
not seem to be a key mediator of the improvement, but this still
would require further research.
One key question in these studies is whether the positive effects

of insulin-sensitizing medications occur only in people with IR or
diabetes or whether these medications could help even individuals
with mood disorders who do not suffer from MetS. A few studies
looked at this [23, 25, 27, 37]. Two studies did not find differences
in symptom improvement between people with and without MetS
[32, 34]. This together with a lack of association between changes
of insulin or glucose levels and depressive symptoms may suggest
that IR or T2D are not a predictor of response to antidepressant
properties of insulin-sensitizing medications. However, future
studies should test for interaction between the presence/absence
of T2D/IR and response to insulin-sensitizing medications.
An additional question is whether insulin-sensitizing medica-

tions may have stronger antidepressant properties in people with
IR which may be reversible than in fully developed diabetes. In line
with the staging models, one would expect a stronger effect in risk
or precursor condition relative to the full-blown pathology.
Interestingly, one of the 2 studies which showed association
between improvement in metabolic and mood markers recruited
individuals with diabetes [29]. So, there is some evidence that the
antidepressant effects of these medications may manifest even in
people with diabetes.

Limitations
There are many limitations that impacted the present review
paper. The diagnostic standards for depression were highly
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variable across all studies with some studies relying on self-report
measures to classify depression versus a formal diagnosis
[27, 35, 36]. Also, there was heterogeneity in using MetS as
inclusion or exclusion criteria. Last but not least, it is important to
report nonsignificant associations and analyze all outcomes,
measures, as described in the study protocol/registration. Of note,
one of the included RCTs has since been retracted due to concerns
about the data presented [25]. It is also important to consider the
severity of illness in these studies. More severe symptoms may
result in greater improvements than milder symptoms. Three
studies specifically looked at moderate to severely depressed
patients and did see improvements [30, 34, 37]. However only one
paper assessed both metabolic markers and symptoms and
reported improvements in both variables [34].
Interestingly, only 8 out of the 15 included studies actually

assessed for associations between changes in metabolic markers
and changes in depressive symptoms. We generally do not know
the mechanisms of action of psychiatric medications and do not
have any biological correlates for monitoring of changes in
depressive symptoms. Studies of medications with known
pharmacodynamic properties provide ideal opportunities to
obtain new insights into mechanisms of mood changes and for
obtaining objective biological markers for monitoring of mood
changes. It is unclear whether some of the studies did not
measure metabolic markers or chose not to report their findings.
Obesity, diabetes or IR have been associated with greater

number of psychiatric hospitalizations [7], lifetime depressive and
manic episodes, greater risk of an affective recurrence, especially
depressive [8], lifetime history of suicide attempt/s [9], as well as
with greater rates of disability, chronicity [62, 63] lower response
to psychiatric medications [4, 13], as well as with cognitive
impairment [11] and brain alterations [39, 58]. Yet, few of these
studies have looked at outcomes beyond symptoms, including
general or cognitive functioning, risk of recurrence, stability of
remission. One of the reviewed studies assessed overall function-
ing [27], and one included cognitive measures [29]. Considering
the fact that obesity/diabetes/IR are associated with some of the
currently intractable psychiatric outcomes, we need studies that
go beyond symptom reduction and include additional outcomes,
which are highly relevant for overall functioning, well-being of our
patients.

Future directions
Future studies of insulin-sensitizing medications should measure
metabolic markers, and ideally use a standard panel of such
markers, may be one including all features of metabolic syndrome.
As the focus of these studies is on insulin sensitizing agents, they
should include a measure of insulin resistance, which at the most
basic form would require fasting samples of glucose and insulin.
All such studies should also look at links between changes in
metabolic markers and changes in depression and report the
results regardless of statistical significance of the findings, so that
they can be meta-analyzed along with the results of other studies.
Registration of future studies would also help with similar reviews
and meta-analyses and would guard against publication bias.
Considering the absence of associations between improvements
in metabolic and mood measures in most studies, future studies
should include additional measures, such as for example
inflammatory markers. Factors such as baseline presence of
insulin resistance, diabetes or obesity could moderate the
psychiatric response to these agents and should be carefully
considered in the design and statistical analyses. It will also be
important to use outcomes beyond just alleviation of depressive
symptoms, i.e. improvements in cognitive, psychosocial function-
ing, brain structure and to investigate not only acute, but also
prophylactic treatment effects, i.e. prevention of future episodes
of depression or mania. Lastly, given the methodological
heterogeneity of the included studies, it may be important that

this area of research focuses more on producing RCTs. It is
important to note that the studies that found a connection
between metabolic markers and symptoms were both RCTs
[29, 34].

CONCLUSIONS
From the studies reviewed in the present paper, it is clear that the
use of insulin-sensitizing medications have a clear positive impact
on depressive symptoms. There is some evidence from RCTs that
these improvements in psychiatric symptoms may be linked with
improvements in glucose metabolism. At the same time, most
studies, including RCTs found no association between improve-
ment in depressive symptoms and improvement in metabolic
markers or weight. In keeping with this, it seems that IR or
diabetes are not pre-requisites for antidepressant response to
insulin sensitizers. It is unclear which additional mechanisms play
a role in the observed clinical improvement. Some alternative
options include improvements in systemic or neuroinflammation,
cognitive functioning or brain structure. The consistently reported
improvements in psychiatric symptoms and metabolic markers,
which do not appear to be associated with one another in most
studies is an important impetus for future studies. This review
serves as a reminder of just how important it is to continue to
explore and investigate additional mechanisms that may play a
role in psychiatric treatment response in order to continue to
assist patients back to their previous states of functioning prior to
illness.
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