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Background: Since the introduction of the
first atypical antipsychoticsin the early 1990s,
this class of medication has been increasingly
relied upon for the treatment of a variety of
patients with psychotic and mood disorders.

Data Sources: The following retrospective
review was derived from the MEDLINE
database using the search terms metabolic
syndrome, insulin resistance, obesity, diabetes,
severe mental illness, schizophrenia, bipolar
disorder, mood disorders, depression, unipolar
depression, and prevalence from 1966 to the
present.

Literature Synthesis: Coincident with the
growing usage of these agents, there have been
agrowing number of literature reports of changes
in metabolic homeostasis among patients taking
these medications. These changes have led to
interest in evaluating whether thereis arelation-
ship among these mental illnesses, their psychiat-
ric treatments, and certain physical comorbidities
known collectively as the metabolic syndrome.
This article reviews the existing literature around
the metabolic syndrome in patients with severe
mental illnesses.

Conclusion: Patients with severe mental
illnesses, particularly schizophrenia and chronic
mood disorders, demonstrate a higher prevalence
of metabolic syndrome or its components com-
pared with the general population. Based upon
thisincreased risk in these patients, baseline
and periodic medical evaluations should
become a standard component in ongoing
clinical assessment.
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T he connection between severe mental illness and
the metabolic syndrome is emerging as a public
health question of importance to both mental health
and primary care practitioners. Originaly identified by
Reaven'? as syndrome X or the insulin resistance syn-
drome, the magnitude of public health impact of the meta-
bolic syndrome is reflected by a recently estimated pre-
valence of approximately 24% in adults in the United
States.® Cardiovascular mortality and all-cause mortality
are increased in men with the metabolic syndrome, and
women have a heightened risk of coronary disease.*

The prevalence of 2 basic components of this syn-
drome, obesity and diabetes, has clearly increased over
the past decade throughout the United States.® Evidenceis
starting to accumulate that metabolic disturbances are
common in patients with severe psychiatric illnesses.®” In
this review, we discuss the pathophysiology of metabolic
syndrome and the particular relevance of this disorder in
patients with severe and persistent mental illness, with an
emphasis on patients with psychotic and mood disorders.

DEFINITION OF METABOLIC SYNDROME

Metabolic syndrome is by definition a multisystem
disorder. Metabolic syndrome, syndrome X, and the insu-
lin resistance syndrome are al terms coined to describe
the recognized clustering of metabolic and cardiovascular
abnormalities including obesity, hypertension, dyslipid-
emia, hyperuricemia, and abnormalities of glucose home-
ostasis (i.e., insulin resistance, glucose intolerance, or dia-
betes mellitus). Along with competing names for this
syndrome, different groups have suggested different diag-
nostic criteria.®® The criteriadefined by the National Cho-
lesterol Education Program® are shown in Table 1. These
diagnostic parameters are easily obtained in most clinica
settings and provide valuable information about modifi-
able cardiovascular risk factors; furthermore, they also re-
flect some of the specific pathologic changes that occur in
metabolic syndrome. As discussed below, central or upper
body obesity is more closely associated with the syn-
drome than is lower body obesity, and waist circumfer-
ence provides a surrogate measure for the visceral fat
depositsthat underlie thisrelationship. Likewise, high tri-
glycerides and low high-density lipoprotein (HDL) cho-

152



Toalson et al.

Table 1. Risk Factors for the Metabolic Syndrome Among
U.S. Adults*

Risk Factor
Abdominal obesity

Defining Level
Waist circumference
Men: > 102 cmor 40 in
Women: >88cmor 35in
> 150 mg/dL (= 1.69 mmol/L)
Men: <40 mg/dL (< 1.04 mmol/L)
Women: < 50 mg/dL (< 1.29 mmol/L)

High triglyceride levels

Low high-density
lipoprotein levels

High blood pressure > 130/85 mm Hg

High fasting glucose levels > 110 mg/dL (= 6.1 mmol/L)

#Based on findings from the Third National Health and Nutrition
Examination Survey.®

bThe National Cholesterol Education Program ATP I11 report defines

patients with the metabolic syndrome as having 3 or more of the risk
factorsin Table 1.

lesterol are specific blood lipid changes associated with
metabolic syndrome. The pathophysiologic relationships
between these multiple abnormalities have been the sub-
ject of great scientific interest.

PATHOPHYSIOLOGY
OF METABOLIC SYNDROME

The biochemical perturbations observed in the meta-
bolic syndrome include changes in glucose tolerance and
lipoprotein levels as well as alterations in inflammatory
mediators and pro-coagulant factors. Multiple organ sys-
tems are affected, including adipose, muscle, hepatic, ner-
vous, and adrenal tissues, but from a clinical standpoint,
the most important site of impact is the vasculature. Cu-
mulative effects of classical risk factors such as glucose
intolerance, dyslipidemia, and hypertension very likely
contribute to increased risk of cardiovascular disease seen
in individual s with the metabolic syndrome.*® Hyperinsu-
linemia, asurrogate for insulin resistance and amarker for
metabolic syndrome, is, in itself, associated with a 2- to
3-fold increase in cardiovascular disease independent of
classical risk factors.’®™ Other components of this syn-
drome that may contribute to a pro-atherogenic state in-
clude increased levels of plasminogen-activator inhibitor
I (PAI-1), angiotensin Il, interleukin-6 (IL-6), tumor ne-
crosis factor o (TNFov), and others.*>*® The relative con-
tribution of these various changes to cardiovascular risk
in individuals with metabolic syndrome is unclear.

Impaired insulin responsiveness (i.e., insulin resis-
tance) is presumed to be central to the metabolic syn-
drome and may provide the underlying process from
which other abnormalities evolve.*** Insulin resistance is
a major contributor to glucose intolerance, and the li-
poprotein abnormalities seen in the metabolic syndrome
are also predictable, at least in part, from the known
effects of insulin to inhibit lipolysis in adipocytes.’>®
With resistance to insulin, unchecked lipolysis leads to
increased delivery of free fatty acids to the liver for tri-
glyceride synthesis and packaging into very low-density
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lipoprotein (VLDL) particles. Higher VLDL levels con-
tribute to lower HDL levels because of the reciprocal ex-
changes between these lipoproteins mediated by choles-
terol ester transfer protein.®® It has been shown that blood
pressure is related to insulin resistance independent of
differences in age, gender, and degree of obesity."*® The
demonstration that insulin can stimulate endothelium-
dependent vasodilation, and that thisis blunted ininsulin-
resistant individuals, provides a plausible mechanism to
explain the elevation of blood pressure in the metabolic
syndrome.*® Evidence that insulin resistance underlies the
metabolic syndromeis also provided by the fact that phar-
macologic treatment with insulin-sensitizers (e.g., thia-
zolidinediones) can have beneficia effects not only on
glucose and lipids, but also on blood pressure and on the
inflammatory and pro-atherogenic derangements previ-
ously noted.*#

Many suggest that visceral obesity is the primary
determinant of insulin resistance and, as such, represents
the fundamental pathophysiologic change leading to
the metabolic syndrome.?®2* Adipocyte-derived humoral
factors that are released in proportion to visceral fat
stores and that may mediate effects on insulin sensitivity
include free fatty acids (FFAs), TNFa, IL-6, resistin, and
others.**? Perhaps the greatest support exists for FFAS,
which have been shown to induce insulin resistance at
both muscle and the liver? Adiponectin is another
“adipokine” of great interest. Levels of this polypeptide
hormone fall with rising adiposity, and adiponectin re-
placement has been shown to improve insulin sensitiv-
ity.”® The role of leptin in insulin resistance is unclear.
Whereas some studies suggest that leptin may impair in-
sulin action, leptin therapy dramatically improves insulin
sensitivity in patients with lipodystrophy.?? Insulin re-
sistance can also occur in lean individuals, which may be
due to inherited insulin receptor and postreceptor de-
fects.”” Despite this, the central role of visceral obesity in
most cases of insulin resistance and the metabolic syn-
drome appears to be widely accepted.

The possible role of glucocorticoids in the patho-
genesis of the metabolic syndrome is another area of
active study. That cortisol excess can produce insulin re-
sistance and the typical metabolic syndrome cluster is ap-
parent from the clinical manifestation of Cushing’s syn-
drome. However, it has been proposed that “subclinical
Cushing's syndrome”’ may be a relatively common cause
of visceral obesity and the insulin resistance syndrome.?®
Some of these cases may be due to functioning adrenal
adenomas,® but physical stress or psychiatric stress have
also been suggested as common causes of relative, and
potentially relevant, hypercortisolemia®* This mech-
anism is especialy attractive as an explanation for the
higher prevalence of the metabolic syndrome and type
2 diabetes mellitus among patients with severe mental
illness in light of evidence for hypothalamic-pituitary-
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adrenal (HPA) axis overactivity and central adiposity dis-
cussed below.

METABOLIC SYNDROME
AND PSYCHOTIC DISORDERS

Increasingly, physical disorders such as obesity, hyper-
lipidemias, hypertension, and type 2 diabetes mellitus
are becoming recognized as significant comorbidities in
people with serious mental illnesses, including psychotic
disorders such as schizophrenia. Whether these disorders
are part of the disease process itself through increased
stress and inflammatory responses, genetic vulnerabili-
ties, or environmental factors versus sequelae of treat-
ment of the disease has been a matter of debate. Only
recently have clinicians and researchers in the field of
psychiatry begun to evaluate these comorbidities in the
context of the metabolic syndrome.

The prevalence of being overweight or obese in indi-
viduals with schizophrenia has generally been thought
to be greater than in individuals without the disorder.®
Allison and colleagues® found that patients with schizo-
phrenia tended to be as or more obese than the general
population. Some obese individual swith large amounts of
body fat display few metabolic complications, while in
other individuals who appear minimally overweight, the
development of type 2 diabetes and cardiovascular dis-
eases is increased.** However, regarding an increased
risk for metabolic syndrome, not just obesity itself but
rather increased central obesity or viscera adiposity is
thought to pose the greatest risk for development of type 2
diabetes, dyslipidemias, and other cardiovascular compli-
cations.*** Thakore and colleagues®™ have shown that in-
creased visceral fat distribution was present inindividuals
with schizophrenia, independent of any medication ef-
fects. The group used abdomina computed tomography
scanning in a cross-sectional study of 15 schizophrenic
subjects who were either drug-free or drug-naive to mea-
sure fat distribution compared with a matched control
group. While the schizophrenic subjects were found to
have a nonsignificantly higher degree of total body fat
and subcutaneous fat compared with controls, schizo-
phrenic patients had 3.4 times as much intra-abdominal
fat as did the normal controls (p < .005). Visceral fat may
be a common pathologic factor and may explain one rea-
son why schizophrenic subjects are morelikely to have an
increased prevalence of metabolic complications associ-
ated with the metabolic syndrome.

Several recent studies looked at whether patients with
serious mental illness have an increased prevalence of the
metabolic syndrome in comparison to the general popula-
tion. As stated earlier, the current age-adjusted prevalence
for the metabolic syndrome among the general population
of U.S. adultsis approximately 24%.3 In 2 cross-sectional
studies presented by Kato and colleagues in 2003, using
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the National Cholesterol Education Program ATP 111 cri-
teria,® a 60% prevalence rate of metabolic syndrome was
estimated among 63 schizophrenic outpatients,* and a
75% preval ence rate was estimated among 16 mood disor-
der patients of Hispanic origin.*®

Littrell and colleagues,® in a multicenter naturalistic
study, examined 98 outpatients in the United States and
27 inpatients in Taiwan who had schizophrenia or schizo-
affective disorder for the presence of insulin resistance
and the metabolic syndrome using fasting laboratory and
clinical assessments. They observed a 51% prevalence
rate of metabolic syndrome in the U.S. outpatient cohort
and a 22% prevalence rate in the Taiwanese inpatient co-
hort. Their data are consistent with those of Kato et al.,*
suggesting aneed for an increased awareness of the meta-
bolic syndrome among U.S. adults with schizophrenia. It
is unknown how the observed rates in the Taiwanese psy-
chiatric population compare with a general population
estimate since a non—psychiatrically ill control group
was hot included in the study. This study |ooked further at
the prevalence of insulin resistance using a homeostasis
model assessment (HOMA-IR), which isbased on fasting
insulin and glucose levels ([Insx Glu]/22.5). Using this
calculation, the authors demonstrated that 70% of outpa-
tients and 44% of inpatientsin this study exhibited aclini-
cally significant degree of insulin resistance.*® These data
would support the suggestion by Reaven™ that increasing
levels of insulin resistance are likely to be early predictors
to the development of metabolic syndrome.

A study of metabolic syndrome within the Finnish gen-
eral population® demonstrated a prevalence ranging from
8% to 17%. Heiskanen and colleagues® recently pub-
lished a study examining the metabolic syndrome in 35
Finnish patients with schizophrenia and observed a 37%
prevalence. Thus, aswith the studies by Kato et al.*** and
Littrell et al.,* this study by Heiskanen and colleagues®
showed higher rates of the metabolic syndrome among
patients with schizophrenia compared with background
ratesin the general population.

The studies by Littrell et al.*® and Heiskanen et al.*®in-
cluded an examination of antipsychotic medication treat-
ment and failed to observe any significant differencesin
metabolic syndrome prevalence across typical and atypi-
cal antipsychotic treatment groups. These studies seem to
indicate that a significant part of the risk for metabolic
syndrome parametersisinherent in the psychiatric disease
processitself and that antipsychotic medication may bean
indirect factor in contributing to metabolic syndrome risk.
However, these conclusions are limited by the studies
cross-sectional design and the relatively small sample
Sizes.

Recent evidence® has suggested that HPA axis dys-
regulation also may play asignificant role in the develop-
ment of various components of the metabolic syndrome.
While increased cortisol production is a normal response
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to acute stress, several studies®***' have demonstrated
a disruption in normal HPA axis activity and relative
hypercortisolemia in patients with schizophrenia. Ryan
and colleagues™ have recently shown that first-episode
treatment-naive patients with schizophrenia demonstrated
a significantly higher plasma cortisol level along with
a higher percentage of patients having impaired fasting
glucose, increased fasting blood glucose levels, and in-
creased insulin resistance compared with a matched con-
trol group. Chronic elevation in plasma cortisol levels can
lead to a pseudo-Cushing’s syndrome characterized by in-
creased visceral adiposity, hyperinsulinemia, insulin re-
sistance, dyslipidemias, and hypertension, al hallmarks
of the metabolic syndrome.** Miick-Seler and coll eagues™
have shown recently that, in a population of 86 patients
with schizophrenia, 50% demonstrated an abnormal re-
sponse to dexamethasone suppression. Both suppressors
and nonsuppressors had significantly higher plasma corti-
sol levels compared with healthy controls (p <.001).
There was also a significant difference (p <.01) in basa
plasma cortisol levels between nonsuppressors and sup-
pressors, which continued for up to 17 hours after dexa-
methasone suppression testing.*

More recently, Shiloah and colleagues® studied a
group of 39 nondiabetic patients with acute psychotic
stress admitted to an inpatient ward and examined the ef-
fects of the psychotic stress on glucose homeostasis. They
demonstrated that patients undergoing an acute stress situ-
ation necessitating psychiatric emergency ward admission
had disruptions in beta-cell function and insulin sensitiv-
ity that correlated inversely with their degree of stress,
suggesting that severity of illness may have an increased
impact on HPA axis disruption.

The role that HPA axis disruption may play on plasma
cortisol levelsin stable chronic patients with schizophre-
nia and ensuing metabolic parameters is less clear and
needs further exploration.

METABOLIC SYNDROME
AND MOOD DISORDERS

Formal clinical investigation of metabolic syndrome
in patients with unipolar and bipolar mood disorders
has been limited. However, associations of metabolic syn-
drome and psychological symptoms have been studied.
Considerable information is also available on the interre-
lationships of mood disorders and components of meta-
bolic syndrome, such as obesity, hyperglycemia, and dia-
betes mellitus.

In a recent prospective study by Réikkdnen and co-
workers,® 425 generally healthy women (aged 42-50
years at entry) were recruited and followed for up to
7.5 years. Three types of data were collected: markers
of metabolic syndrome, psychological ratings (from sep-
arate scales for depression, anxiety, tension, anger, and
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stress), and lifestyle factors. Twenty-two women met
criteria for metabolic syndrome at baseline, and 50
women developed metabolic syndrome during the study.
At baseline, there were associations between psycholog-
ical symptoms and metabolic syndrome, with the stron-
gest associations for depressive symptoms. Psychological
symptoms at baseline also increased risk of developing
metabolic syndrome prospectively. Conversely, devel-
opment of metabolic syndrome predicted increases in
psychological symptoms, particularly anger and anxiety.
Although this study did not examine incidence of
DSM-IV mood disorders per sein patients who had or de-
veloped metabolic syndrome, its findings based on psy-
chological rating scales support a reciprocal relationship
between metabolic syndrome and mood disorders.

Several studies™® have examined associations be-
tween mood disorders and obesity. In general, these stud-
ies have looked at depression and have not carefully as-
sessed historic polarity of mood. Furthermore, most have
been designed to evaluate the purported effect of obesity
on mood, rather than vice versa. The results have been
mixed, with some studies showing positive or somewhat
positive associations™ > and others finding inverse corre-
lations™5! between obesity and depression. Roberts and
colleagues® conducted a prospective study that examined
both directions of the relationship and found that obesity
predicted depression, but that depression did not increase
risk for obesity. The inability of depressed mood to serve
as a robust predictor for obesity is not surprising given
the differing patterns of weight change in depressed pa-
tients®®* and the varied effects of antidepressant medica-
tions on weight.*®

The relationship of obesity and bipolar disorder has
been the focus of several more recent studies,*®"® which
have found that patients with bipolar disorder are on aver-
age more obese than the general population; however,
there is no evidence that patients with obesity have a
higher risk for developing bipolar disorder. A confound-
ing factor in al these studies is that many medications
used as treatments in bipolar disorder, such as lithium,*”
valproic acid,® and several atypical antipsychotic agents®
such as olanzapine, are associated with weight gain.

Elmslie and coworkers™® estimated the prevalence of
obesity in 89 patients with bipolar disorder, in comparison
with 445 matched controls from the general population
who had participated in a national health survey. They
found patients with bipolar disorder were more likely to
be overweight or obese, with a central pattern of obesity.
In a follow-up analysis,™ these investigators found that
these patients consumed more sugars and carbohydrates
than controls.

McElroy and colleagues™ conducted a cross-sectional
study in 644 bipolar patients and found that half were
overweight and a quarter were obese. Obesity was associ-
ated with several factors, but by using adjusted multino-
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mial logistic regression, the investigators determined that
overweight and obesity were most strongly associated
with hypertension, male gender, and arthritis.

Fagiolini and coworkers™ retrospectively analyzed
data from 50 consecutively enrolled patients over a 10-
year period in a bipolar maintenance pharmacotherapy
protocol and found that one third of these patients were
overweight and one third were obese at study baseline.
Most weight gain occurred in patients who were not
overweight, and it tended to occur early in treatment. Dur-
ing the course of 12 months of maintenance pharmaco-
therapy, 26% of patients had weight gain of more than
5% of initial body weight, while 6% gained more than
10% of initial body weight. No patient had a 15% or
greater weight gain, and the reported median weight gain
over 12 months was 5 pounds. In alater report,” these in-
vestigators reviewed data from 175 patients in the same
study and again confirmed that slightly over athird of pa-
tients were obese. They discovered that obese patients had
quicker relapses (significant clinical worsening of symp-
toms after remission) during treatment.

Beyond obesity, another important condition that is
related to metabolic syndrome is diabetes mellitus. With
regard to mood disorders, more is known about the re-
lationship of diabetes and depression, compared with
knowledge about the association between diabetes and
bipolar disorder. Recently, Talbot and Nouwen™ reviewed
theliterature in thisareaand concluded that although there
is an increased prevalence of depression in patients with
diabetes, the evidence does not support a direct causative
effect of type 2 diabetes on depression. For type 1 diabe-
tes, which typically has a much earlier age at onset than
depression in patients who suffer from both disorders con-
currently, there may be abiological or psychosocial caus-
ative link to depression.” Two studies™”” have looked at
the other side of the relationship and have found that de-
pression may increase risk for diabetes.

Relatively few studies have looked at diabetes and bi-
polar disorder. Three retrospective chart reviews™®® in
psychiatric settings have found that patients with bipolar
disorder have an increased prevalence of diabetes com-
pared with the general population. In addition, there is
some evidence®®* that patients with bipolar disorder have
abnormalities in oral glucose tolerance test. Two of these
studies®®® examining the possible association of medica-
tion effects found no significant relation between antipsy-
chotic use and diabetes.

The common pathophysiologic link between obesity,
diabetes, mood disorders, and metabolic syndrome may
be hypercortisolemia. Hypercortisolemia is seen in pa-
tientswith diabetes,®% aswell asin patients with unipolar
and bipolar disorders.®° Hypercortisolemia leads to vis-
ceral obesity, which has been observed in patients with
major depression.®** Visceral obesity is associated with
insulin resistance and diabetes.”? One hypothesis links en-
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vironmental stress to hypothalamic overactivity and cor-
tisol secretion, which initiates physiologic perturbations
that cause metabolic syndrome.?®

Many studies have elucidated reciprocal relationships
between metabolic syndrome and its components and
mood disorders. Moreinformationisavailable on therela-
tionships of diabetes and obesity to unipolar mood disor-
der, athough data are accumulating in bipolar disorder.
Many confounds, particularly the potential effects of med-
ications, have not been fully addressed. Nevertheless, in
the comprehensive management of patients with mood
disorders, the available data provide helpful information
regarding the metabolic syndrome and its components.

CONCLUSIONS

Patients with severe mental illnesses, particularly
schizophrenia and chronic mood disorders, have demon-
strated a higher prevalence of metabolic syndrome or its
components compared with the general population in sev-
eral countries. Therefore, baseline and periodic medical
evaluations should become a standard component in the
ongoing assessment of these patients. Although individual
risk factors associated with the metabolic syndrome are
typically amenable to behavioral or pharmacologic treat-
ment, management of these comorbidities in many pa-
tients with serious mental illness will require cooperation
between psychiatrists and primary care physicians. Pa-
tient education and adequate control of psychiatric symp-
toms will also remain important parameters in achieving
long-term treatment success.

Drug names: lithium (Eskalith, Lithobid, and others), olanzapine
(Zyprexa), valproic acid (Depakene and others).
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