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SUMMARY

This paper reviews the association between bipolar disorder (BD) and metabolic syndrome

(MetS), focusing on the etiopathogenetic and pathophysiological aspects of this association

and on the recommendations for preventing and managing MetS in patients with BD. We

conducted a nonsystematic literature review by means of a MEDLINE search. The exact

causal relationship between MetS and BD is still uncertain. The side effects of psychotropic

medications may be a major contributor to the increased rates of MetS in patients with

BD. Other factors such as unhealthy lifestyles, common neuroendocrine and immuno-

inflammatory abnormalities, and genetic vulnerability may also play a role in explaining

the high rates of MetS in BD. Strategies to prevent and treat the MetS and its cardiovascular

consequences in patients with BD include accurate screening and monitoring of the pa-

tient and appropriate psychoeducation on weight control, healthy nutrition, and increased

physical activity. When deciding on pharmacological therapy for the treatment of the com-

ponents of the MetS, drug interactions and the effects of the medications on mood must be

taken into account.

Introduction

Bipolar disorder (BD) is a mental illness associated with negative

social and occupational consequences, with a potentially devastat-

ing impact on patients’ well-being, morbidity and mortality, and

significant health care costs [1,2]. However, the burden of the BD

is not limited to symptoms and dysfunction related to the illness.

Individuals with BD are at greater risk than the general population

for several medical conditions and have a life span 25 to 30 years

shorter due primarily to premature cardiovascular disease (CVD)

[3–6].

Metabolic syndrome (MetS) is a constellation of metabolic ab-

normalities that has been identified as a risk factor for the develop-

ment of CVD and diabetes type 2 [7,8]. International studies have

shown high prevalence of MetS among patients with BD [9].

This article reviews the association between BD and MetS, fo-

cusing on the etiopathogenetic and pathophysiological aspects of

this association and on the recommendations for preventing and

managing MetS in patients with BD.

Methods

We conducted a nonsystematic literature review by means of a

MEDLINE search using combinations of the key words: MetS,

BD, insulin resistance (IR), obesity, atypical antipsychotics (AA),

lithium, and valproate. We augmented this search with manual

review of references. Criteria used to select articles included (1)

English language, (2) published studies in peer-reviewed journals,

(3) studies that assessed the prevalence of MetS in subjects with

BD, and (4) studies that had relevant and good quality informa-

tion on the association of MetS and BD, its etiopathogenetic, and

pathophysiological aspects as well as the prevention and treatment

of MetS in patients with BD.

Definitions of MetS

Since the publication of Reaven’s 1988 lecture about IR as the

underlying cause of metabolic changes leading to CVD, clinicians

and researchers have been interested in a collection of CVD risk

factors characterized by visceral adiposity, IR, dyslipidemia, ele-

vated blood pressure (BP), and a systemic proinflammatory state,

first coined as Syndrome X by Reaven, and now named MetS

[10,11]. The etiological basis for the syndrome and its patho-

physiological mechanism are not completely known, and there is

no unifying pathophysiological explanation for the MetS. Never-

theless, it’s well established that abdominal adiposity and IR are

core features of its pathophysiology [12]. Changes in the insulin
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sensitivity result in glucose and lipid metabolism abnormalities,

enhanced sodium reabsorption, and increased sympathetic ner-

vous system activity [13]. In addition, substantial evidence has

been accumulated to suggest that the visceral adipose depot con-

tributes to increased free fatty acid turnover and IR [12]. Another

mechanism by which adipose tissue contributes to the pathophys-

iology of the MetS is through the excessive release of proinflam-

matory cytokines. The adipose tissue is an active secretory organ

that elaborates a variety of inflammatory molecules, known as

adipocytokines, that may mediate many of the metabolic changes

observed in the MetS [14].

MetS can be diagnosed in a number of ways using a variety of

criteria developed by various groups (Table 1) [8,15–19]. The sev-

eral definitions have similarities; they all tend to agree that MetS

core components include obesity, IR, dyslipidemia, and hyperten-

sion. However, they are not identical; microalbuminuria, for ex-

ample, is listed only in the World Health Organization (WHO) cri-

teria, and there are differences in waist measurement and cut-offs

Table 1 Definitions of metabolic syndrome

Clinical measure WHO (1998) [15] EGIR (1999) [16] ATP III (2001) [17] AACE (2003) [18] IDF (2005) [19] AHA/NHLBI (2005) [8]

Insulin resistance IGT, IFG, T2DM, or

lowered insulin

sensitivity plus

any 2 of the

following

Plasma insulin

>75th

percentile plus

any 2 of the

following

None, but any 3 of

the following 5

features

IGT or IFG plus any

of the following

based on clinical

judgment

None None, but any 3 of the

following 5 features

Body weight Men: waist-to-hip

ratio > 0.90;

women:

waist-to-hip

ratio > 0.85

and/or BMI > 30

kg/m2

WC ≥ 94 cm in

men or ≥ 80 cm

in women

WC ≥ 102 cm in

men or ≥ 88 cm

in women

BMI ≥ 25 kg/m2 Increased WC

(population

specific) plus

any 2 of the

following

≥ 102 cm (≥ 40 inches)

in men ≥ 88 cm

(≥35 inches) in

women

Lipid TG ≥ 150 mg/dL

and/or HDL-C <

35 mg/dL in men

or < 39 mg/dL in

women

TG ≥ 150 mg/dL

and/or HDL-C <

39 mg/dL in men

or women

TG ≥ 150 mg/dL

HDL-C < 40

mg/dL in men or

< 50 mg/dL in

women

TG ≥ 150 mg/dL

and HDL-C <

40 mg/dL in men

or < 50 mg/dL

in women

TG ≥ 150 mg/dL or

on TG Rx HDL-C

<40 mg/dL in

men or < 50

mg/dL in women

or on HDL-C Rx

TG ≥ 150 mg/dL (1.7

mmol/L) or on drug

treatment for

elevated

triglycerides HDL-C

< 40 mg/dL (1.03

mmol/L) in men or <

50 mg/dL (1.3

mmol/L) in women

or on drug

treatment for

reduced HDL-C

BP ≥140/90 mmHg ≥140/90 mmHg or

on hypertension

Rx

≥130/85 mmHg ≥130/85 mmHg ≥130 mmHg

systolic or ≥ 85

mmHg diastolic

or on

hypertension Rx

≥130 mmHg systolic

BP or ≥ 85 mmHg

diastolic BP or on

antihypertensive

drug treatment in

patient with a

history of

hypertension

Glucose IGT, IFG, or T2DM IGT or IFG (but not

diabetes)

>110 mg/dL

(includes

diabetes)

IGT or IFG (but not

diabetes)

≥100 mg/dL

(includes

diabetes)

≥100 mg/dL (includes

diabetes) or on drug

treatment for

elevated glucose

Other Microalbuminuria Other features

of insulin

resistance

Adapted from Grundy et al. [8].

WHO, World Health Organization; EGIR, European Group for Study of Insulin Resistance; ATP III, Adult Treatment Panel III; AACE, American Association of

Clinical Endocrinologists; IDF, International Diabetes Foundation; AHA/NHLBI, American Heart Association/National Heart, Lung, and Blood Institute.

IGT, impaired glucose intolerance; IFG, impaired fasting glucose; T2DM, type 2 diabetes mellitus; BP, blood pressure; BMI, body mass index; WC, waist

circumference; TG, triglycerides; HDL-C, high-density lipoprotein cholesterol.
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Table 2 Prevalence of metabolic syndrome and its components in patients with bipolar disorder

Author/Country Criteria MetS WC ↓HDL ↑TG ↑Glucose ↑BP

Fagiolini et al., 2005, USA [22] ATP III 30% 49% 23% 48% 8% 39%

Yumru et al., 2007, Turkey [23] ATP III 32% _ _ _ _ _

Birkenaes et al., 2006, Norway [24] ATP III 30% (male) _ _ _ _ _

17% (female)

Garcia-Portilla et al., 2007, Spain [25] ATP III 22.4% 54% 38.2% 36.1% 12.2% 20.9%

Teixeira et al, 2007, Brazil [26] ATP III 38.3% _ _ _ _ _

Salvi et al., 2008, Italy [27] ATP III 25.3% 50% 32.3% 34.7% 11% 40%

IDF 30%

Fagiolini et al., 2008, USA [28] ATP III 40% 51% 45% 47% 19% 55%

Cardenas et al., 2008, USA [29] ATP III 49% _ _ _ _ _

Van Winkel et al.,2008, Belgium [30] ATP III 16.7% 30% 21.7% 26.7% 13.3% 48.3%

ATP III + FG ≥ 100 18.3% 28.3%

IDF 30% 60% 28.3%

Fiedorowicz et al., 2008, USA [31] ATP III 53% _ 27% 48% 28% 63%

Correll et al., 2008, USA [32] ATP III 43.2% 33.8% 67.6% 46.6% 32.4% 54%

ATP III + FG ≥ 100 54%

Sicras et al., 2008, Spain [33] ATP III 24.7% _ 54.5% 23% 16.9% 29.8%

Yumru et al., 2008, Turkey [34] ATP III 36.7% _ _ _ _ _

Almeida et al., 2009, Brazil [35] ATP III/AHA 28.6% 46.4% 26.2% 44% 20.2% 45.2%

Vuksan-Cusa et al., 2009, Croatia [36] ATP III 27.5% _ _ _ _ _

Chang et al., 2009, Taiwan [37] IDF 33.9% 61% 53% 36.8% 13.7% 18.6%

Lee et al., 2010, South Korea [38] AHA (FG ≥ 100) 27% 5.3%

ATP III 25% 47.4% 32.9% 32.9% 15.1% 25.7%

IDF 25.7% 5.3%

Kemp et al., 2010, USA [39] ATP III 36% _ _ _ _ _

ATP III, Adult Treatment Panel III; IDF, International Diabetes Foundation; AHA/NHLBI, American Heart Association/National Heart, Lung, and Blood Institute.

FG, fasting glucose; BP, blood pressure; WC, waist circumference; TG, triglycerides; HDL, high-density lipoprotein cholesterol.

among the definitions. The National Cholesterol Education Pro-

gram Adult Treatment Panel III (ATP III) definition appears to

be most widely used and cited in the general literature and more

specifically in studies evaluating patients with BD.

Prevalence of MetS in Patients with BD

The prevalence of obesity and MetS in the general population is in-

creasing to epidemic proportions not only in the United States and

other developed countries but also in developing nations [20,21].

Following this trend, cross-sectional studies assessing patients with

BD have showed that MetS is highly prevalent among patients

with BD all over the world (Table 2) [22–39].

Etiopathogenetic and Pathophysiologic
Aspects of the Association between
MetS and BD

The increased rates of MetS in patients with BD suggest that they

co-occur to a greater degree simply by chance alone. It is known

that both conditions share some pathophysiological and lifestyle

risk factors [40]. However, the exact causal relationship between

them is still uncertain.

The side effects of psychotropic medications may be a major

contributor to the increased rates of MetS in patients with BD [34].

Lithium, valproic acid, and AA (mostly, olanzapine, and cloza-

pine) are associated with significant weight gain [41,42]. In ad-

dition, valproate has been also associated with insulin and lipid

abnormalities in patients with epilepsy [43]. Furthermore, a study

published in 2008 showed that first-episode psychosis subjects had

significant weight increase and negative changes in glucose and

lipid profiles than controls after 6 months of treatment with AA

[44]. Although weight, glucose and lipid-related effects of psy-

chotropic medications may account for the increasing rates of

MetS in BD, it is worth noting that the cooccurrence of BD with

obesity and abnormal glucose metabolism was observed even be-

fore the existence of modern psychotropic medications [45,46].

Therefore, other factors such as unhealthy lifestyles, common

neuroendocrine and immunoinflammatory abnormalities, and ge-

netic vulnerability may also play a role in explaining the high rates

of MetS in BD.

Prospective research has demonstrated that depressive symp-

toms predict onset of the MetS in healthy women [47]. Patients

with BD, particularly during depressive episodes, may have in-

creased appetite and poor eating behaviors, may be less likely to

exercise, and may have lower ability to care for themselves [48].

In addition, BD is associated with increased rates of tobacco and

alcohol abuse/dependence, which may negatively impact MetS

and CVD risk [49].

Several common neuroendocrine and immunoinflamatory ab-

normalities have been associated with MetS and BD, suggesting
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biological correlates of these conditions [40]. Biological abnormal-

ities that may help to explain the development of MetS in BD

include hyperactivity of the hypothalamic–pituitary–adrenal axis,

which is the most prominent neuroendocrine abnormality in ma-

jor depression and seems to be implicated in the neurobiology of

the switch process in BD as well as in the euthymic, depressive,

and manic phases [50–53]. Glucocorticoid resistance has also been

reported in patients with BD [54]. The dysregulation of cortisol

has been associated with abdominal obesity, IR, hyperlipidemia,

diabetes, and hypertension, which are components of the MetS

[55].

Abnormalities in the immune system are another potential bi-

ological correlate of BD and MetS [40]. Studies have shown in-

creased proinflammatory cytokine production across manic and

depressive phases of BD [56,57]. Citokines may lead to glucocor-

ticoid resistance through direct effects on glucocorticoid receptor

expression and function [58]. As previously mentioned, adipose

tissue produces several inflammatory cytokines, which can induce

IR. Therefore, abnormalities in the inflammatory system are also

involved in the underlying etiology for some of the MetS factors.

It is worthwhile noting that cigarette smoking and heavy alco-

hol use are associated with increased systemic inflammation, and

physical fitness has been associated with smaller inflammatory re-

sponses to acute mental stress [59–61]. Therefore, the extent to

which these biologic abnormalities are mediated or moderated by

the weight gain related to the medication use and/or by unhealthy

lifestyles remains unclear.

On the other hand, a study recently published compared bi-

ologic pathways and processes involved in seven different dis-

eases (including BD) pathogenesis, by means of pathway-based

approaches of Genome Wide Association data, and found a strong

genetic correlation between BD and coronary artery disease as

well as diabetes type 2. These three conditions were shown to have

basic pathways in common, such as lipid metabolism, suggesting

shared genetic bases among them [62].

Prevention and Treatment of the MetS
in Patients with BD

Recently, the concept of MetS has been the target of some crit-

icism. Critics have argued that the cluster of risk factors for the

MetS does not offer more than the sum of its parts in terms of

diagnosis and management [63]. In addition, some of the criteria

used for defining MetS are considered ambiguous or incomplete

and most of the guidelines do not measure inflammation features,

oxidant stress, and genetics related to the MetS [63]. This has led

the WHO to review the utility of the MetS concept [64]. The WHO

Expert Consultation concluded that while the MetS may be con-

sidered useful as an educational concept, it has limited practical

utility as a diagnostic or management tool. It stated that evidence

suggests that the MetS concept has educated health professionals

on the importance of risk factor clustering and the need to as-

sess related risk factors when one risk factor is detected [64]. As

Cornier et al. pointed out, the importance of the concept of MetS

is that the identification of the syndrome “is undeniably an op-

portunity to encourage patients to make lifestyle changes that will

attenuate their chances for CVD and metabolic disease later in life”

[12]. In the field of BD research, that is exactly what we have seen

in the last 5 years, since Fagiolini et al. published the first article on

the prevalence of MetS in patients with BD [22]. This publication

put the association between MetS and BD into appropriate scien-

tific and clinical perspective. In addition, recommendations have

been provided to mental health practitioners on the prevention

and treatment of the MetS and each of its components, CVD and

diabetes [65]. The psychiatrists have been encouraged to be famil-

iar with basic primary prevention and routine diagnostic screening

of the MetS, with special attention to the role of iatrogenic factors

that may account for its increasing prevalence in patients with BD,

as can be seen on the International Society for Bipolar Disorder

(ISBD) guidelines published in 2009 [66].

In 2005–2006, studies were conducted to assess the aware-

ness of metabolic issues among American and European psychi-

atrists, and how this awareness influences their management of

BD [67,68]. Ninety-four percent of the American psychiatrists and

72% of the European psychiatrists endorsed that the MetS poses a

significant health risk for which patients should be monitored and

treated. However, less than one third of the American and Euro-

pean psychiatrists correctly identified all the MetS criteria. After

initiating pharmacotherapy for BD, the majority of the psychia-

trists surveyed monitored weight or BMI, BP, and plasma glucose

levels, but less than half of the European psychiatrists monitored

lipid profiles and only 10% monitored waist circumference. Most

of the respondents reported they recommend dietary changes and

exercise for those patients with MetS. However, 39% of the Euro-

pean psychiatrists said they rarely or never stop or switch therapies

for their patients due to worsening metabolic symptoms. The Eu-

ropean study concluded that it seems psychiatrists still need to be

better educated on the syndrome, its diagnostic criteria and mon-

itoring practices, as well as on the prevention and treatment that

should be implemented in patients with BD and MetS. Little is

currently known about this issue regarding psychiatrists from de-

veloping countries.

The first step on the prevention and treatment of MetS in BD

is the accurate screening of the patient for metabolic and CVD

risks. The ISBD guideline for the safety monitoring of BD treat-

ments suggest that personal and family history of CVD and dia-

betes, smoking status, alcohol use, BMI, waist circumference, BP,

fasting glucose, and lipid profile should be investigated in every

patient prior to treatment, as part of a minimum standard of care

[66]. Those patients under medications with potentially weight

gain and metabolic abnormalities side effects, which include not

only AA but also lithium and valproic acid, must have weight and

metabolic parameters evaluated routinely. The ISBD proposes as

minimum monitoring standards for patients under AA therapy:

monthly weight measurements for the first 3 months, followed by

measures every 3 months for the duration of treatment; BP and

fasting glucose at 3-month intervals for the first year, then an-

nually; and fasting lipid profile at 3 months after initiation of AA

therapy, to be repeated at annual intervals thereafter (Table 3).

For those under treatment with lithium, weight should be mea-

sured after 6 months and then annually. Patients receiving val-

proic acid should have their weight assessed more frequently, ev-

ery 3 months for the first year, then annually. Fasting glucose and

lipid profile should be obtained if risk factors are detected [66].

c© 2011 Blackwell Publishing Ltd CNS Neuroscience & Therapeutics 18 (2012) 160–166 163
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Table 3 Weight and metabolic monitoring protocol for patients with BD on atypical antipsychotics [65]

Baseline 1st month 2nd month 3rd month Quarterly Annually

Weight x x x x x∗

Blood pressure x x x x

Fasting glucose x x x x

Fasting lipid profile x x x

∗ For the duration of the treatment.

The second step on the prevention and treatment of MetS in BD

is the appropriate psychoeducation of the patient regarding modi-

fiable risk factors, such as unhealthy lifestyles. Recommendations

for managing the MetS are not specific due to the absence of ran-

domized controlled trials conducted with this aim [12]. Neverthe-

less, several authors highlight that lifestyle interventions aimed to

prevent or treat the excess adiposity and IR associated with the

MetS may have beneficial effects on all of the syndrome com-

ponents [12,63]. Therefore, psychiatrists should give their pa-

tients advice on weight control, healthy nutrition, and increased

physical activity, “what is now a fundamental tenet of medicine”

[63].

Psychiatrists should recommend their patients to have a diet

high in complex, unrefined carbohydrates with an emphasis on

fiber, and low in added sugars. Patients should also be stimulated

to have a diet rich in unsaturated fatty acids and low in saturated

fatty acids [12].

Exercise is particularly effective at reducing IR and has also been

shown to improve dyslipidemia and hypertension [12]. Psychia-

trists should strongly encourage their patients to follow the Amer-

ican Heart Association and American College of Sports Medicine

recommendation to engage in a moderate-intensity aerobic physi-

cal activity for at least 30 min/day 5 days of the week [69]. Simple

recommendations such as doing more household chores or gar-

dening and taking stairs instead of the elevator contribute to de-

crease sedentary time [70].

Of note, studies have showed that fitness and diet may serve

a neuroprotective function and may have positive influence on

brain plasticity and beneficial effects on cognitive function in hu-

mans and animals [71–74]. Therefore, patients should know that

exercise and healthy diet may improve both physical and mental

states.

Although many studies have stressed the importance of advising

people about eating well balanced meals and exercising in order to

get in a good health, lifestyle changes seems to be hard to achieve

for anyone and even more difficult for patients with BD since the

illness is associated to a greater degree of sedentarism and poor

dietary habits [48]. Studies have suggested that the implementa-

tion of psychoeducational programs and cognitive behavioral in-

terventions for weight control and lifestyle changes have beneficial

effects in improving weight control, nutrition, and activity levels

in patients with psychiatric disorders, although there are no pub-

lished trials to date that have specifically targeted patients with BD

[75–77].

When deciding on pharmacological therapy for the treatment of

the components of the MetS, drug interactions and the effects of

the medications on mood must be taken into account.

Pharmacotherapy for weight loss: studies have demonstrated

that sibutramine, orlistat, and topiramate show some efficacy in

inducing weight loss [78,79]. Reports of high number of cardio-

vascular events in patients taking sibutramine has led to a review

of the safety of this medication and restrictions to its prescription

in the USA and marketing suspension of the substance in Europe

[80,81]. There is one case report of depression induced by orli-

stat in a patient with BD type 2 [82]. As diarrhea is frequently

seen as a side effect of orlistat, caution must be taken to pre-

vent lithium intoxication [83]. In addition, orlistat may reduce

the absorption of lipophilic drugs, such as lamotrigine and val-

proic acid [84]. Therefore, patients receiving these anticonvulsants

may need close monitoring. A study found no clinically relevant

changes in plasma concentrations of haloperidol, clozapine, or car-

bamazepine over an 8-week period in orlistat recipients [85]. Top-

iramate has been associated with high risk for depression in pa-

tients with epilepsy [86]. A randomized, controlled trial compared

topiramate to sibutramine in the treatment of obesity in patients

with BD [87]. Both medications produced similar rates of weight

loss and high rates of drug discontinuation. Topiramate showed

exacerbation of depression as one of the most frequent adverse ef-

fects leading to early discontinuation. On the other hand, a study

designed to investigate the efficacy and safety of topiramate versus

placebo as adjunctive therapy for the management of patients with

BD found that topiramate reduced body weight significantly rela-

tive to placebo without worsening depressive or manic symptoms

[88].

Pharmacotherapy for IR, dislypidemia, and hypertension: there

are no studies designed to specifically target the effects of met-

formin or thiazolidiones in mood stabilization of patients with BD

and MetS. There is a case report of antidepressant response with

pioglitazone in a patient with resistant depression [89]. There are

no reports of negative drug interactions between medications for

BD and agents that target IR, such as metformin and thiazolidine-

diones. However, caution is warranted regarding liver toxicity

resulting from concurrent use of medications that have been occa-

sionally implicated in liver injury, that is, some antidiabetics, anti-

hypertensives, statins, and anticonvulsants commonly used in the

treatment of BD [90]. Statins have also been involved in case re-

ports of ataxia in two patients with BD; rhabdomyolysis in patients

with schizophrenia and dysthymic disorder; and a report of QTC

interval prolongation in a woman with schizophrenia [91–94].

Thiazide diuretics and angiotensin converting enzyme (ACE)

inhibitors may also increase lithium levels. Loop and potassium-

sparing diuretics are considered to have lower likelihoods of in-

creasing lithium levels [95]. However, ISBD suggests close moni-

toring for a period of 2 months of patients under lithium and not
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only thiazide diuretics and/or ACE inhibitors but also loop and

potassium-sparing diuretics [66].

As a last resort, in order to prevent or treat the MetS, psy-

chiatrists may have to face the challenge of changing medica-

tion regimen. Among the AA, a large body of data suggests that

clozapine and olanzapine have the highest propensity to produce

weight gain and metabolic abnormalities, followed by quetiap-

ine and risperidone. Aripiprazole and ziprasidone have the low-

est propensity to cause this type of adverse effect [96]. Among

the mood stabilizers, there has been little systematic research re-

garding metabolic side effects in patients with BD. Carbamazepine

and lamotrigine seems to be less likely to cause significant weight

gain [97,98]. Although switching medications may reverse weight

gain and metabolic abnormalities it can be a major problem when

the patient has experienced a good clinical response to the current

treatment regimen. This approach requires careful assessment of

benefits versus risks of each medication and which one is essential

for BD stabilization as well as the evaluation of differential levels

of its efficacy [65].

In conclusion, in spite of any criticism on the utility of the con-

cept of MetS, the association between that condition and BD has

been well established. Therefore, psychiatrists should be aware of

not only the higher risks of morbidity and mortality patients with

BD and MetS are exposed to, but also of the need of early in-

terventions using strategies to prevent and treat the MetS and its

cardiovascular consequences in that specific population.

Disclosures

Karla Mathias de Almeida is the recipient of the 2008 International

Society for Bipolar Disorders-GlaxoSmithKline. Camila Moreira

reports no competing interests. Beny Lafer has been on the As-

traZeneca speaker bureau.

References

1. Revicki DA, Matza LS, Flood E, Lloyd A. Bipolar disorder

and health-related quality of life: Review of burden of

disease and clinical trials. Pharmacoeconomics

2005;23:583–594.

2. Bauer MS, Kirk G, Gavin C, Williford W. Correlates of

functional and economic outcome in bipolar disorder: A

prospective study. J Affect Disord 2001;65:231–241.

3. Kupfer DJ. The increasing medical burden in bipolar

disorder. JAMA 2005;293:2528–2530.

4. Jette N, Patten S, Williams J, Becker W, Wiebe S.

Comorbidity of migraine and psychiatric disorders—

a national population-based study. Headache

2008;48:501–516.

5. McIntyre RS, Konarski JZ, Misener VL, Kennedy SH.

Bipolar disorder and diabetes mellitus: Epidemiology,

etiology, and treatment implications. Ann Clin Psychiatry

2005;17:83–93.

6. Colton CW, Manderscheid RW. Congruencies in increased

mortality rates, years of potential life lost, and causes of

death among public mental health clients in eight states.

Prev Chronic Dis 2006;3:1–14.

7. Lakka HM, Laaksonen DE, Lakka TA, Niskanen LK,

Kumpusalo E, Tuomilehto J, Salonen JT. The metabolic

syndrome and total and cardiovascular disease mortality in

middle-aged men. JAMA 2002;288:2709–2716.

8. Grundy SM, Cleeman JI, Daniels SR, et al. Diagnosis and

management of the metabolic syndrome: An American

Heart Association/National Heart, Lung, and Blood

Institute Scientific Statement. Circulation

2005;112:2735–2752.

9. McIntyre RS, Danilewitz M, Liauw SS, et al. Bipolar

disorder and metabolic syndrome: An international

perspective. J Affect Disord 2010;126:366–387.

10. Reaven GM. Banting lecture 1988. Role of insulin

resistance in human disease. Diabetes 1988;37:1595–1607.

11. Reilly MP, Rader DJ. The metabolic syndrome: More than

the sum of its parts? Circulation 2003;108:1546–1551.

12. Cornier MA, Dabelea D, Hernandez TL, et al. The metabolic

syndrome. Endocr Rev 2008;29:777–822.

13. Eckel RH, Alberti KG, Grundy SM, Zimmet PZ. The

metabolic syndrome. Lancet 2010;375:181–183.

14. Kirk EP, Klein S. Pathogenesis and pathophysiology of

the cardiometabolic syndrome. J Clin Hypertens

2009;11:761–765.

15. Alberti KG, Zimmet PZ. Definition, diagnosis and

classification of diabetes mellitus and its complications.

Part 1: Diagnosis and classification of diabetes mellitus

provisional report of a WHO consultation. Diabet Med

1998;15:539–553.

16. Balkau B, Charles MA. Comment on the provisional report

from the WHO consultation. European Group for the Study

of Insulin Resistance (EGIR). Diabet Med 1999;16:442–

443.

17. National Cholesterol Education Program (NCEP) Expert

Panel on Detection, Evaluation, and Treatment of High

Blood Cholesterol in Adults (Adult Treatment Panel III).

Third report of the National Cholesterol Education Program

(NCEP) expert panel on Detection, Evaluation, and

Treatment of High Blood Cholesterol in Adults (Adult

Treatment Panel III) final report. Circulation

2002;106:3143–3421.

18. Einhorn D, Reaven GM, Cobin RH, et al. American College

of Endocrinology position statement on the insulin

resistance syndrome. Endocr Pract 2003;9:237–252.

19. Available from: http://www.idf.org/webdata/docs/

IDF˙Meta˙def˙final.pdf [Accessed 6 August 2010].

20. Monteiro CA, Conde WL, Popkin BM. Income-specific

trends in obesity in Brazil: 1975–2003. Am Public Health

2007;97:1808–1812.

21. Haffner S, Taegtmeyer H. Epidemic obesity and the

metabolic syndrome. Circulation 2003;108:1541–1545.

22. Fagiolini A, Frank E, Scott JA, Turkin S, Kupfer DJ.

Metabolic syndrome in bipolar disorder: Findings from the

Bipolar Disorder Center for Pennsylvanians. Bipolar Disord

2005;7:424–430.

23. Yumru M, Savas HA, Kurt E, et al. Atypical antipsychotics

related metabolic syndrome in bipolar patients. J Affect

Disord 2007;98:247–252.

24. Birkenaes AB, Søgaard AJ, Engh JA, et al.

Sociodemographic characteristics and cardiovascular risk

factors in patients with severe mental disorders compared

with the general population. J Clin Psychiatry

2006;67:425–433.

25. Garcia-Portilla MP, Saiz PA, Benabarre A, et al. The

prevalence of metabolic syndrome in patients with bipolar

disorder. J Affect Disord 2008;106:197–201.

26. Teixeira PJR, Rocha FL. The prevalence of metabolic

syndrome among psychiatric inpatients in Brazil. Rev Bras

Psichiatr 2007;29:330–336.

27. Salvi V, Albert U, Chiarle A, Soreca I, Bogetto F, Maina G.

Metabolic syndrome in Italian patients with bipolar

disorder. Gen Hosp Psychiatry 2008;30:318–323.

28. Fagiolini A, Frank E, Turkin S, Houck PR, Soreca I, Kupfer

DJ. Metabolic syndrome in patients with bipolar disorder.

J Clin Psychiatry 2008;69:678–679.

29. Cardenas J, Frye MA, Marusak SL, et al. Modal

subcomponentes of metabolic syndrome in patients with

bipolar disorder. J Affect Disord 2008;106:91–97.

30. Van Winkel R, De Hert M, Van Eyck D, Hanssens L,

Wampers M, Scheen A, Peuskens J. Prevalence of diabetes

and the metabolic syndrome in a sample of patients with

bipolar disorder. Bipolar Disord 2008;10:342–348.

31. Fiedorowicz JG, Palagummi NM, Forman-Hoffman VL,

Miller DD, Haynes WG. Elevated prevalence of obesity,

metabolic syndrome, and cardiovascular risk factors in

bipolar disorder. Ann Clin Psychiatry 2008;20:131–137.

32. Correll CU, Frederickson AM, Kane JM, Manu P. Equally

increased risk for metabolic syndrome in patients with

bipolar disorder and schizophrenia treated with

second-generation antipsychotics. Bipolar Disord

2008;10:788–797.

33. Sicras A, Rejas J, Navarro R, Serrat J, Blanca M. Metabolic

syndrome in bipolar disorder: A cross-sectional assessment

of a Health Management Organization database. Bipolar

Disord 2008;10:607–616.

34. Almeida KM, Macedo-Soares MB, Isller CK, Amaral JA,

Caetano SC, Dias RS, Lafer B. Obesity and metabolic

syndrome in Brazilian patients with bipolar disorder. Acta

Neuropsychiatr 2009;2:84–88.

35. Yumru M, Savas E, Gergelioglu S, Basarali K, Kalenderoglu

A, Savas HA, Buyukbas S. The relationship of metabolic

syndrome, serum leptin levels and treatment in bipolar

disorder. Bull Clin Psychopharmacol 2008;18:79–83.

36. Vuksan-Cusa B, Marcinko D, Nad S, Jakovljević M.
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