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Insulin resistance in major depressive
disorder and the effects of
psychotropic medications
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Practice Points

B Studies suggest a positive correlation between depression and insulin resistance.

B Depression may be associated with physical inactivity and poor dietary habits, which
may contribute to weight gain and thus, increases the risk of developing insulin

resistance, diabetes and cardiovascular disease.

B Cortisol may mediate effects of insulin in the CNS, and in a state of hypercortisolemia,

may lead to insulin resistance among persons with depression.

B Tricyclic antidepressants in particular have been shown to increase carbohydrate
craving and appetite, which can result in moderate-to-significant weight gain. Selective

serotonin reuptake inhibitors have less significant effects on weight.

B Only 50-60% of depressed patients will respond to antidepressant treatment alone, with

only 30% of depressed patients achieving full remission.

B Atypical antipsychotics as an adjunctive treatment with antidepressants have shown
promise in alleviating treatment-resistant depression. Adverse metabolic side effects,
including insulin resistance, have been associated with atypical antipsychotic

medications.

B There is a significant need for more prospective and longitudinal studies examining
the complex relationships and mediational pathways between depression and insulin

resistance.

B Analyzing the impact of adjunctive and monopsychotropic intervention will be an

important area of investigation as their use continues to rise.
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Major depression is a serious medical condition with an estimated lifetime
prevalence rate of 16.6% (32.6—35.1 million) within the USA. High comorbidity exists between
major depression and chronic medical conditions, such as Type 2 diabetes, cardiovascular
disease and polycystic ovary syndrome. These diseases are, in turn, pathophysiologically
linked by a metabolic state of insulin resistance, characterized by hyperinsulinemia, hyper-
lipidemia and often overweight/obesity. Many common psychiatric medications, such as anti-
depressants, anticonvulsants and antipsychotics, used in the treatment of major depression
are associated with metabolic dysfunction indicative of insulin resistance. This article provides
a review of data specific to major depression and insulin resistance, discusses shared health-

related problems seen in both conditions, and examines adverse side effects of antidepressant

and antipsychotic medications used to treat depression.

Depression is a serious medical condition with
an estimated lifetime prevalence rate of 16.6%
(32.6-35.1 million) within the USA . Nearly
7% (13.1-14.2 million) of Americans will expe-
rience depression within a 12-month period,
with 88% reporting moderate impairment and
approximately 19% reporting severe impairment
in domains such as self-care, cognitive function,
social engagement and work performance [1].
Women are significantly more likely than men
to experience depression and often have a more
chronic course [2,3]. Furthermore, the lifetime risk
of developing depression increases to as high as
40% when comorbid chronic medical illnesses
such as diabetes and cardiovascular disease are
present [4]. Insulin resistance (IR) is believed to
be one of many physiological conditions that may
link depression and chronic health conditions such
as Type 2 diabetes and cardiovascular disease [5-7].

Little is known about the causality of the rela-
tionship between prediabetes IR and depression.
Depression in some cases is associated with physi-
cal inactivity and poor dietary habits, which may
increase the risk of developing IR, diabetes and
cardiovascular disease. Studies suggest that many
psychotropic medications used to treat depression
may increase the risk of developing metabolic
problems including IR, thus exacerbating poor
health outcomes. This article will provide a review
of depression and IR, discuss shared health-related
problems seen in both conditions and examine
side effects of antidepressant and antipsychotic
medications that are often used to treat depression.

Insulin is necessary for proper cell function
and for the maintenance of blood glucose

levels within the body. Insulin regulates glucose
homeostasis at several sites by allowing glu-
cose to enter the liver where it is converted into
glycogen and stored for later use. Insulin also
decreases hepatic glucose production and facili-
tates glucose disposal (entry) into both adipose
and skeletal muscle cells where it is converted
into energy. Insulin regulation of blood glucose
disposal is vital for cell function because glu-
cose is a cell's primary source of energy, which
is necessary for proper functioning [8]. After an
individual eats a meal, glucose is released by
the liver into the bloodstream. In response to
elevated blood glucose levels, insulin is released
from B-cells located within the pancreas in an
effort to reduce hepatic production of glucose
and increase glucose disposal in adipose and
skeletal muscle cells (7).

Insulin sensitivity refers to the ability of insu-
lin to maintain glucose homeostasis through its
effects on insulin-sensitive cells (e.g., adipose
and skeletal) and organs (e.g., liver). Thus, when
functioning properly, glucose is efficiently dis-
posed of through the action of insulin 7). IR
occurs when ‘normal’ levels of insulin are no
longer able to modulate glucose disposal (8]. This
condition subsequently leads to elevated blood
glucose levels. As a consequence, the pancreas
receives signals to release more insulin, thus
elevating insulin levels within the bloodstream
as a compensatory effort. As long as the pan-
creas is able to produce adequate amounts of
insulin, blood glucose levels will remain nor-
mal even though insulin levels are higher than
they should be. This physiological condition is
referred to as hyperinsulinemia. When the pan-
creas can no longer produce enough insulin,
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blood glucose levels begin to rise and remain
elevated even at fasting states. This is referred
to as hyperglycemia. When cells are exposed to
high levels of glucose, metabolic dysfunction of
cellular processes occurs due to elevated levels
of glucose both outside of and within the cells.
The combination of IR, hyperinsulinemia and
hyperglycemia increases the chances of develop-
ing a combination of physiological abnormalities
and health problems that Reaven refers to as IR
syndrome (IRS) [6].

IRS is not a disease in itself [6]. Rather, it is a
combination of the physiological abnormalities
mentioned above. Abnormalities seen in IRS
are often the result of obesity [9]. The majority
of obese individuals have elevated levels of free
fatty acids. It is thought that elevated levels of
free fatty acids are deposited within the liver,
which contributes to an increase in the produc-
tion of glucose and triglycerides. Elevated levels
of free fatty acids are also thought to increase
the secretion of smaller low-density lipoprotein
(LDL) particles, also known as ‘bad’ cholesterol,
from the liver. Decreases in the amount of high-
density lipoprotein (HDL), often referred to
as ‘good’ cholesterol, are also of consequence.
HDL cholesterol is responsible for transport-
ing cholesterol and triglycerides through the
bloodstream to the liver where they can either
be reprocessed for reuse as an energy source or
eliminated from the body through bile. Thus,
lower levels of HDL and higher concentrations
of LDL leads to the accumulation of choles-
terol plaques along blood vessel walls, leading
to blockages.

Free fatty acids also reduce insulin sensitiv-
ity by inhibiting insulin-mediated glucose dis-
posal within cells. Consequently, increases in
blood glucose levels trigger the release of insulin
from the pancreas resulting in a chronic hyper-
insulinemic state [8]. A cluster of these abnormal-
ities significantly increases the risk of developing
hypertension, atherosclerosis, cardiovascular dis-
ease, polycystic ovary syndrome (PCOS) and/or
Type 2 diabetes 5-7).

While this review focuses upon IR, the diag-
nostic category of metabolic syndrome warrants
a brief mention. Unlike IR, which is indicated
by proxy markers of insulin and glucose or
direct measures of insulin sensitivity, meta-
bolic syndrome is indicated by elevated weight

circumference, triglycerides, blood pressure and
fasting glucose, as well as low HDL [s5,6]. The
complete clinical characteristics of metabolic
syndrome are beyond the scope of this review.
However, many investigators have asserted that
IR is the underlying pathophysiology of meta-
bolic syndrome [¢]. Indeed, many of the charac-
teristics of the two syndromes are highly corre-
lated (e.g., elevated triglycerides and diminished
insulin sensitivity). However, epidemiological
evidence does not indicate the presence of IR in
all patients with metabolic syndrome. Rather,
darta suggest that obesity in metabolic syndrome
initiates or worsens IR. Further, IR is not thought
to play as strong of a role in the development of
hypertension as it does in causing hyperglycemia
and dyslipidemia.

The consequence of medical illness and mortal-
ity associated with IRS is significant. Data from
the National Health and Nutrition Examination
Survey 2005-2008 indicate that 33.5%, or
76.4 million adults within the USA over the age
of 20 years, have hypertension [101]. An estimated
82.6 million American adults have one or more
types of cardiovascular disease, including hyper-
tension, stroke, coronary heart disease, heart
failure and congenital cardiovascular defects.
More than 800,000 Americans die of cardio-
vascular disease every year, 150,000 of whom
are under the age of 65 years.

Furthermore, according to the American
Diabetes Association, an estimated 25.6 million
American adults 20 years and older have been
diagnosed with diabetes, representing approxi-
mately 11.3% of the adult population [102]. It
is also estimated that an additional 7.1 million
American adults have undiagnosed Type 2 dia-
betes and 79 million are prediabetic. Moreover,
nearly 2 million adults were diagnosed with
diabetes in 2010 alone [102].

Many health-related complications are associ-
ated with diabetes. For instance, diabetes is the
leading cause of blindness, lower-limb amputa-
tions and kidney failure within the USA [102].
The risk of stroke is two-to-four times higher
among diabetic individuals, with up to 68% of
diabetic deaths associated with cardiovascular
disease in 2004. In addition, 60-70% of adults
with diabetes suffer from peripheral neuropathy,
an often painful condition, which may result in
mild-to-severe nerve damage [102].
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The monetary costs of diabetes and cardio-
vascular disease are also significant. In 2007, the
total cost of cardiovascular disease and diabetes,
including prediabetes and undiagnosed diabetes,
within the USA was estimated at US$503 bil-
lion [10,102]. This figure includes direct healthcare
expenditures including the cost of physicians,
hospital services, prescribed medications and
home healthcare, in addition to indirect costs
due to lost productivity resulting from mortality.
Thus, these are very costly conditions.

IR is part of many somatic diseases, such as
PCOS, the most prevalent endocrine dysfunc-
tion in women of reproductive age with nearly
5 million women suffering from PCOS in the
USA. Legro, Castracane and Kauffman [11]
estimate that 50—70% of women with PCOS
are insulin resistant, particularly those who are
overweight. However, more research is needed to
confirm these findings. What seems to be clear
is that women with PCOS are at increased risk
of developing high cholesterol, impaired glucose
tolerance and cardiovascular disease, with insu-
lin dysfunction seemingly being the common
thread [12].

In summary, the cluster of metabolic abnor-
malities, which has been referred to as IRS, can
lead to the development of serious comorbid
health problems including Type 2 diabetes, car-
diovascular disease and PCOS [6]. The societal
costs of these medical disorders are a significant
financial burden. They also cause significant
human suffering as discussed previously [10,102].

Studies have indicated physiological associations
between depression and Type 2 diabetes, cardio-
vascular disease and PCOS [13-15]. It is believed
that IR may serve as one of many links between
depression and these disorders [16,17]. The fol-
lowing section reviews the literature regarding
the associations between depression and IR. The
last part of this section presents theories that are
believed to link IR and depression.

Interest in the relationship between IR and
depression has been an area of investigative inter-
est for many years. Although studies examin-
ing the association between these constructs
are sparse, overall findings suggest a positive
correlation between depression and IR [15,18-27].
Okamura examined IR and depression in non-
diabetic middle-aged males and females in their
40s whose fasting glucose was normal based

on criteria set forth by the American Diabetes
Association (<100 mg/dl) (21]. The primary goal
was to explore changes in insulin sensitivity and
glucose metabolism during the clinical course of
depression. In addition they examined whether
a relationship between insulin sensitivity and
severity of depression was present. The mini-
mal model analysis was used to assess insulin
sensitivity and the oral glucose tolerance test was
used to measure glucose metabolism. Patients
were administered the Hamilton Rating Scale
for Depression (HRSD) to assess severity of
depressive symptoms. Results showed that
depressed patients had impaired insulin sensi-
tivity regardless of symptom severity and that
insulin sensitivity increased when depressed
symptoms improved.

Larger studies have also revealed an asso-
ciation between IR and depression. Everson-
Rose and colleagues conducted a longitudinal
study over the course of 3 years that exam-
ined changes in IR, depression and the risk of
developing Type 2 diabetes in a community-
based sample of 2316 nondiabetic, ethnically
diverse women, ages 4252 years [18]. IR was
measured using homeostasis model of assess-
ment of IR (HOMA-IR) and depression was
assessed using self-report measure Center of
Epidemiological Studies Depression (CES-D)
Scale [18]. Baseline and annual assessments were
obtained throughout the duration of the study.

Results showed that depressed women had
higher rates of IR than nondepressed women
(p = 0.038). In addition, the depressed women
with IR were at increased risk of diabetes,
wherein diabetes was 66% more likely to develop
in depressed women than healthy controls dur-
ing follow-up. However, more severe depressive
symptoms did not predict an increased risk of
IR. Rather, obesity seemed to mediate the rela-
tionship. Although IR tended to increase in both
depressed and nondepressed groups over 3 years,
depressed patients showed larger increases. No
significant differences in IR were found between
ethnicities. However, depression predicted a
more than a 2.5-fold risk of developing diabetes
in the African American group.

Three studies to date have looked at younger
populations to determine if age plays a role in
the relationship between IR and depression. In a
cross-sectional study of 2609 nondiabetic, young
adult males in the Northern Finland 1966 Birth
Cohort study [28], IR increased with depressive

582

Clin. Pract. (2012) 9(5)

future science group



Insulin resistance in major depressive disorder & the effects of psychotropic medications | Review

symptom severity (p = 0.003). These results are
consistent with another study that found that
moderate-to-severe depression was predictive of
the presence of IR in 1054 19-year-old males
(29]. Pearson and colleagues also studied IR in
833 men and 899 women (ages 26-36 years)
(23]. Results indicated that depressed men and
women had a significantly higher occurrence of
IR (p = 0.04 and p = 0.02, respectively) compared
with healthy controls even after controlling for
smoking, alcohol consumption, use of oral
contraceptives and antidepressants and level of
physical activity. Furthermore, depressed women
tended to have a larger waist circumference and
be less physically active.

Although many studies show associations
between IR and depression, a few studies have
indicated that such associations between these
constructs do not exist [30-32]. In a cross-sectional
study Adriannese and colleagues studied glu-
cose, IR and depression in a total of 504 men
and women aged 50-75 years old [30]. In total,
260 of these participants had normal glucose
tolerance 164 had impaired glucose tolerance,
and 117 had a Type 2 diabetes diagnosis. They
found a weaker, but significant association
between depression, assessed using the CES-D
Scale, and IR as measured by HOMA-IR and
the Quantitative Insulin Sensitivity Check
Index (r = 0.156; p = 0.001). No significant,
weak correlations were found with normal glu-
cose tolerance (r = 0.041; p = 0.509), impaired
glucose tolerance (r = 0.112; p = 0.160) or those
with Type 2 diabetes (r = 0.007; p = 0.942).
Furthermore, no significant correlations were
found between genders.

Larger studies have corroborated these findings.
For instance, Roos and colleagues assessed IR and
depression in 1047 women (ages 50—64 years)
who had one or more biological markers that
placed them at risk of developing Type 2 diabetes
(32]. These risk factors included BMI, waist cir-
cumference, cholesterol, hypertension and fam-
ily history of diabetes. IR was measured using
HOMA-IR. All participants completed the
Gothenburg Quality of Life self-report question-
naire, wherein a depression subscale was created to
assess severity of depressive symptoms. Results did
not show a direct relationship between IR and self-
rated depression. Rather, women who reported
more depressive symptoms had more abdominal
fat and were less physically active. These results
suggest that depression may lead to inactivity,

which contributes to obesity and increases the
risk of developing IR. Another large study did
not reveal associations between IR and depression
(33]. Interestingly, in a study of over 4000 women
(ages 60—79 years) results showed that depression
tended to decrease as IR increased in women with-
out diabetes while depression increased slightly in
women with diabetes, suggesting that a diagnosis
of diabetes may drive depressive symptoms rather
than IR. However, these last two studies utilized
poor measures of depression.

Approximately 15 studies have been con-
ducted that examine the relationship between
IR and depression. There is a general consensus
that an association exists with 12 of the 15 stud-
ies finding a positive correlation between depres-
sion and IR. Although one of the largest studies
conducted did not find a relationship between IR
and depression [33], the researchers created their
own subscale for depression that has not been
validated. Thus, it is questionable as to whether
depression was measured accurately. Table 1 pro-
vides a summary of group characteristics and
depression and IR measures used in the studies
previously mentioned.

The general consensus is that there is a relation-
ship between IR and depression. However, the
directionality of the relationship remains largely
unknown. Evidence suggests hyperactivity of the
hypothalamic—pituitary-adrenal axis may be
involved in both conditions [14,16]. This hyper-
active state is thought to elevate levels of cortisol,
which then increases glucose production within
the liver, inhibits the secretion of insulin from
the pancreas and prevents insulin from promot-
ing glucose disposal into skeletal, adipose and
muscular tissue; the latter two of which are
both hallmarks of insulin-resistant states [34].
However, the mechanisms that underlie these
processes are not well understood. Elevated
concentrations of cortisol also seems to increase
the quantity of fat cells, breakdown lipids which
results in the release of free fatty acids into
the bloodstream, and constricts blood vessels,
thereby inhibiting the transport of glucose [16,35].
These metabolic abnormalities contribute to the
development of obesity and IR that are linked
to Type 2 diabetes, cardiovascular disease and
depression [16,36].

Few studies have directly examined the
relationship between IR, cortisol levels and
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Table I. Measurement and group characteristics in insulin resistance/depression studies.

Study (year)

Timonen et al. (2006)
Lawlor et al. (2005)
Everson-Rose et al. (2004)
Pearson et al. (2010)

Timonen et al. (2007)

Timonen et al. (2005)
Pan et al. (2008)

Mueller et al. (1969)
Heninger et al. (1975)

Wright et al. (1978)

Winokur et al. (1988)
Okamura et al. (2000)

Lawlor et al. (2003)
Adriaanse et al. (2006)

Roos et al. (2007)

Association between IR and depression in MDD patients

No association between IR and depression

Association between IR and depression in healthy general population

Depression measures IR measure Group characteristics Ref.
HSCL-25 (symptom severity) ~ QUICKI n = 2609 (males only) (28]
GHQ HOMA n = 2512 (males only) [33]
CES-D (>16 cut-off) HOMA-IR CES-D <16 = 2056 (18]
CES-D >16 =606
CIDI HOMA Mild, moderate, severe depression = 150 [23]
HC =1582
R-BDI (13 items; symptom HOMA-IR Mild = 81, moderate-to-severe (29]
severity) depression =52, HC =997
BDI (symptom severity) QUICKI n =593 (elderly males) (25]
CES-D (>16 cut-off) HOMA-IR Depressive symptoms = 312 [22]
HC =2973
Psychiatrist diagnosis ITT MDD =5,PMD=7BP=6 (20]
BPRS and psychiatrist GTT&ITT MDD =10,PMD =22,BP =8 (19]
diagnosis
Zung Self-rating GTT MDD =18, HC =14 (27]
Scale & HRSD
HRSD GTT MDD =28, HC =21 [26]
HRSD Minimal model MDD =20,HC =13 [21]
EuroQOL HOMA n = 4286 (women only) [31]
CES-D (>16 cut-off) HOMA-IR n = 504 (measured number of depressive (30]
QUICKI symptoms)
GQL (self-report) HOMA-IR n = 1047 (women only) (32]
BDI: Beck Depression Inventory; BP: Bipolar; BPRS: Brief Psychiatric Rating Scale; CES-D: Center of Epidemiological Studies Depression Scale; CIDI: Composite International
Diagnostic Interview; EuroQOL: Euro Quality of Life Questionnaire; GHQ: General Household Questionnaire; GQL: Gothenburg Quality of Life; GTT: Glucose tolerance test; HC:
Healthy controls; HOMA-IR: Homeostasis model of assessment of insulin resistance; HRSD: Hamilton Rating Scale for Depression; HSCL-25: Hopkins Symptom Checklist; IR: Insulin
resistance; ITT: Insulin tolerance test; MDD: Major depressive disorder; PMD: Psychotic major depression; QUICKI: Quantitative insulin sensitivity check index.

depression. Of the existent literature, discrep-
ancies in methodology make it difficult to draw
any solid conclusions. Swami and colleagues
found a significant correlation between IR and
elevated plasma cortisol levels in the afternoon
and evening in 50% of patients in the depressed
group [37]. Furthermore, cortisol levels decreased
and insulin sensitivity increased when depressive
symptoms subsided. However, studies by Carroll
138] and Mueller ez 2/. 1201 did not find similar
results. It should be noted that the latter study
only obtained plasma cortisol levels during the
morning, which may have influenced the results
given that elevated cortisol levels are generally
higher in the afternoon and evening [39].

Pathophysiological mechanisms that link IR
and depression remain elusive. Nevertheless, it
is generally agreed upon that the hypothalamic—
pituitary—adrenal axis in conjunction with the
actions of cortisol may play an important role.
However, additional studies need to be con-
ducted to confirm this hypothesis.

A number of antidepressant and antipsychotic
medications are used to treat depression. Some
of these medications have been associated with
weight gain, thus increasing the risk of obesity
related illnesses such as coronary heart disease,
hypertension, IR and diabetes [40.41]. The fol-
lowing section will highlight antidepressant and
antipsychotic medications most often associated
with weight gain in depressed patients.

The effects of antidepressant medication on
insulin function vary due to differences in
their mechanisms of action [42]. Certain anti-
depressants are associated with increases or
decreases in weight gain. Tricyclic antidepres-
sants in particular have been shown to increase
carbohydrate craving and appetite, which
can result in moderate-to-significant weight
gain [43].
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Studies suggest depressed patients are more
at risk of weight gain during the acute stages
of tricyclic antidepressant treatment [44-46]. For
example, Kazes and colleagues reported consis-
tent weight gain over a 4—6 month period in
depressed patients taking different tricyclics
(e.g., amitriptyline, imipramine, clomipramine
and maprotiline) [46]. A total of 37% of the
patients in this study gained more than 11lbs,
while 17% gained more than 22 lbs. Similarly, a
meta-analysis examining weight gain in the use
of antidepressants in both acute (4-12 weeks)
and maintenance pharmacotherapy (>4 months)
found the most significant relationship between
amitriptyline and increases in weight in both
phases of treatment, while weight gain was
primarily seen in patients taking imipramine
during acute stages treatment [41].

Mirtazapine, a newer antidepressant, has
also been known to generally cause weight gain
(43.47-50]. An increase in food cravings and appe-
tite have been reported in 11-24% of depressed
patients taking mirtazapine, with approximately
10% experiencing significant weight gain [43].
In contrast to mirtazapine and tricyclic medi-
cations, selective serotonin reuptake inhibitors
(SSRIs) have less significant effects on weight
(42], with the exception of paroxetine [51,52].
While paroxetine has been associated with slight
decreases in weight earlier on in treatment, sig-
nificant gains in weight have been reported after
8 months of treatment [41]. Vilazodone, a SSRI
that received approval by the US FDA in 2011
as a newer treatment option for depression, dem-
onstrated a favorable weight profile in short-term
clinical trials [53]. However, long-term studies
have yet to be conducted to rule out adverse
affects on weight over time.

In addition to weight gain, researchers have
proposed that long term use of tricyclics and some
SSRIs, such as paroxetine, may lead to hypergly-
cemia through the inhibition of insulin signal-
ing cascades, thus inducing IR [s4,55]. Conversely,
treatment of depression with SSRIs may increase
insulin sensitivity and peripheral glucose utiliza-
tion [56,57). However, little remains known about
the pathophysiology of antidepressants with
regard to their affect on insulin function.

Although antidepressants have allowed for
the improved treatment of depression, only
50-60% of depressed patients will respond to

antidepressant treatment alone (s8], with only
30% of depressed patients achieving full remis-
sion [59]. Consequently, there has been increased
interest in discovering more effective treatment
options [60]. The use of atypical antipsychotics
as an adjunctive treatment with antidepressants
has shown promise in alleviating treatment-
resistant depression. Preliminary studies sug-
gest that augmenting antidepressant medication
with low-dose atypical antipsychotics increases
brain-derived neurotrophic factor levels [61-
63], which at low levels has been implicated in
the pathophysiology of major depression [64].
However, many adverse metabolic side effects,
including IR, have been associated with atypical
antipsychotic medications [65].

In a study comparing fluoxetine plus placebo,
olanzapine plus placebo and fluoxetine plus olan-
zapine (OFC), patients in the OFC group expe-
rienced a remission rate of 60% after 8 weeks of
treatment compared with the olanzapine only
group and the fluoxetine only groups, with
remission rates of 25 and 20% respectively [66].
Similarly, Corya and colleagues reported a remis-
sion rate of 44% in treatment-resistant depressed
patients and a 60% remission rate in nontreat-
ment resistant patients taking combination
olanzapine/fluoxetine [67].

Quetiapine XR has also demonstrated effi-
cacy as an augmented treatment for treatment-
resistant depression particularly at a dosage of
300 mg, with response rates falling just below
60% compared with about 47% for placebo
(68.69]. Moreover, in a pooled analysis of two iden-
tical randomized control treatment studies of
aripiprazole [70,71], depressed patients who added
aripiprazole to their antidepressant (e.g., fluox-
etine, sertraline, paroxetine, citalopram or ven-
lafaxine XR) reported improvements of clinical
significance in depressive symptoms, as mea-
sured by the Montgomery-Asberg Depression
Rating Scale compared with aripiprazole plus
placebo group. The aripiprazole plus antidepres-
sant group also showed a 25.7% remission rate
versus 15.4% in the aripiprazole plus placebo
group [72].

However, olazapine, quetiapine and aripip-
razole have been known to cause potentially
serious metabolic side effects associated with
significant increases in weight [(66,69.73-75]. In
a pooled analysis of OFC studies, the average
weight gain in the treatment group was 10.8 lbs,
with an average increase in nonfasting glucose
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of +11.4 (mg/dl) 74. Significant increases in
weight, glucose, LDL cholesterol and triglycer-
ides levels were also reported in patients taking
quetiapine as adjunctive treatment (66]. Similarly,
depressed patients taking an antidepressant plus
aripiprazole gained an average of 3—4.5 Ibs com-
pared with 7-9 Ibs in patients taking placebo.
In addition, between 3.4 and 7.1% of patients
taking combined antidepressant and aripip-
razole gained a significant amount of weight
(27%) compared with only 1.2% in the adjunc-
tive placebo group [70.71]. While risperidone is
another atypical antipsychotic associated with
weight gain and related metabolic dysfunction,
its use as an adjunctive medication in the treat-
ment of depression has not been well studied and
thus, has yet to be approved by the FDA to be
prescribed for such means (60].

As with antidepressants, relatively lictle is
known about the pathophysiology of anti-
psychotic-induced weight gain and alterations
in insulin action. In general, studies suggest that
antipsychotics may induce IR by inhibiting glu-
cose transport while simultaneously promoting
the accumulation of triglycerides, which may
contribute to an increase in obesity [76]. However,
additional human studies are needed to further
elucidate the pathophysiological mechanisms
between atypical antipsychotics, IR and related
metabolic abnormalities.

Although there is increased interest in using
atypical antipsychotics as an adjunctive treat-
ment in treatment-resistant depression, it is
unclear whether this has translated into an
upward trend in prescribing these medications.
While a recent review found that 12.9% of
prescriber visits within the USA were for the
purposes of adjunctive antipsychotic plus anti-
depressant medication [77], additional research
needs to be conducted to explore whether
there has been an actual increase in prescribing
combination treatments.

There is high comorbidity between depression
and health-related medical conditions, such
Type 2 diabetes. It is believed that IR may serve
as one of many links between Type 2 diabe-
tes and depression, although the relationship
remains largely unknown. Even less is known
about the directionality of the relationship
between depression and IR, which may be a pre-
cursor to developing Type 2 diabetes. Findings

from the available studies suggest a positive asso-
ciation between depression and IR, such that
IR rises as the severity of depression increases.
Thus, IR represents a significant comorbidity
in depression that may complicate treatment.
Given the association of IR to lifestyle factors
such as poor diet and lack of exercise, improv-
ing insulin sensitivity serves as an important
target for interventions and preventative mea-
sures that may improve psychiatric outcomes in
depressed patients. Increased understanding of
the etiology of IR in depression may also help
elucidate more effective treatments. The impact
of depression on psychosocial functioning
combined with the use of antidepressant and/
or antipsychotic medication present additional
challenges in the prevention and treatment
of IR. As a consequence, there is a significant
need for more prospective and longitudinal
studies examining the complex relationships
and mediational pathways between depression
and IR. Analyzing the impact of adjunctive
and monopsychotropic intervention will be an
equally important area of investigation as their
use continues to rise.

In response to these issues, the authors specu-
late increased interest and use of thiazolidinedi-
ones to augment psychotropic interventions as
these medications have shown to be effective in
treating depression while improving metabolic
biomarkers, including insulin sensitivity (78-80].
Furthermore, providing behavioral interventions
that involve physical activity, dietary modifica-
tion and sleep hygiene will likely gain traction
as healthcare professionals continue to work
toward enhancing treatment outcomes and lower
healthcare costs. Lastly, continuing to improve
screening techniques early in the doctor—patient
relationship, including obtaining a family his-
tory of diabetes whenever possible, will allow
for the implementation of preventive measures
in predisease states.
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