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Individuals with schizophrenia have high levels of medical
comorbidity and cardiovascular risk factors. The presence
of 3 or more specific factors is indicative of metabolic syn-
drome, which is a significant influence upon future morbidity
and mortality. We aimed to clarify the prevalence and predic-
tors of metabolic syndrome (MetS) in adults with schizophre-
nia and related disorders, accounting for subgroup
differences. A PRISMA systematic search, appraisal, and
meta-analysis were conducted of 126 analyses in 77 publica-
tions (n5 25 692). The overall rate ofMetSwas 32.5% (95%
CI 5 30.1%–35.0%), and there were only minor differences
according to the different definitions of MetS, treatment set-
ting (inpatient vs outpatient), by country of origin and no ap-
preciable difference between males and females. Older age
had a modest influence on the rate of MetS (adjusted
R25 .20;P < .0001), but the strongest influence was of illness
duration (adjusted R2 5 .35; P < .0001). At a study level,
waist size was most useful in predicting high rate of MetS
with a sensitivity of 79.4% and a specificity of 78.8%. Sen-
sitivity and specificity of high blood pressure, high triglycer-
ides, high glucose and low high-density lipoprotein, and age
(>38 y) are shown in supplementary appendix 2 online. Re-
garding prescribed antipsychotic medication, highest rates
were seen in those prescribed clozapine (51.9%) and lowest
rates of MetS in those who were unmedicated (20.2%). Pres-
ent findings strongly support the notion that patients with
schizophrenia should be considered a high-risk group.
Patients with schizophrenia should receive regular monitoring
and adequate treatment of cardio-metabolic risk factors.
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Introduction

Increased rates of cardiovascular disease (CVD)1–5 and
associated premature mortality6,7 have become a major

concern in patients with schizophrenia. In order to
help psychiatric clinicians to focus more on these CVD
risks in patients with schizophrenia, the concept of
MetS has found its way into the psychiatric literature.
The metabolic syndrome (MetS) brings together a collec-
tion of abnormal clinical and metabolic findings that are
predictive for CVD.8,9 These abnormal findings include
visceral adiposity, insulin resistance, increased blood
pressure, elevated triglyceride levels, and low high-
density lipoprotein (HDL) cholesterol levels. The most
common definitions for the MetS are the Adult Treat-
ment Panel III (ATP III) of the National Cholesterol Ed-
ucation Program,10 and the adapted Adult Treatment
Panel (ATP III-A) proposed by the American Heart Asso-
ciation11 which allows for a lower threshold for impaired
fasting glucose of 100 mg/dl (table 1). The International
Diabetes Federation (IDF) stresses the importance of
waist circumference as a mandatory feature.12 Recently,
more stringent and ethnic/race specific criteria were de-
fined with, eg, slightly modified criteria of waist circumfer-
ence for Asians (90 cm for male and 80 cm for female).13

In the general population, MetS is associated with a 4
times relative risk of developing diabetes14 and approxi-
mately a 2-fold risk of coronary heart disease, stroke, and
premature mortality.8 As a result, MetS has been proposed
as an alternative or an augmentation to the Framingham15

or systematic coronary risk evaluation16 calculations to as-
sess the risk of CVD and death. Similar results for theMetS
as a predictor of the risk of coronary heart disease have been
found previously in schizophrenia.17

In part, the development of the MetS is attributable to
genetic risk,18,19 limited access to general somatic health
care,20 and unhealthy lifestyle choices including physical
inactivity,21,22 poor diet,23 and high rates of cigarette smok-
ing.24 In the general population, genetic and geographical
environmental differences might partially be responsible
for the observation that estimated rates of MetS alter to
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different countries of origin. For example, adopting the
ATP III definition, the age-adjusted rates are 18.4%
for men and 14.4% for women in Europeans, 28.8% for
men and 31.8% for women in South Asians, 15.5% for
men and 23.4% for women in African-Caribbeans,25 while
the rate was 15.7% in Taiwan26 and 23.7% in the United
States,27,28 respectively. Although previous narrative
reviews29–32 reported on differences in MetS rates be-
tween different countries, to the best of our knowledge,
meta-analytic data comparingMetS rates across different
countries in patients with schizophrenia are lacking.
In the same way, it remains to be explored if MetS rates
differ between different treatment settings, ie, in order
to identify patients at risk psychiatric clinicians should
know if patients in particular treatment settings are at higher
risk or not.

In recent years, it has become apparent that in patients
with schizophrenia particular antipsychotic agents (AP) can
have a negative impact on some of themodifiableMetS risk
factors.4,5 The differential effects of various AP on weight
arewell described, with clozapine and olanzapine associated
with the highest weight gain.5 Previous systematic reviews
on metabolic side effects of AP were of AP have only fo-
cussed upon metabolic changes after exposure following
convenience testing.33,34 A recent meta-analysis suggested
a typical weight gain of 3.8 kg in drug-naı̈ve patients after
starting antipsychotic treatment in the first 3 months of
treatment.35 No data on differences in MetS rates between
patients taking different APs are available.

In the same way, no systematic data on differences in
MetS rates between patients with and without AP and be-
tween first-episode and chronic patients are available.
Knowledge of all these differences would guide psychiatric
clinicians in identifying patients at risk for CVD. Given this
uncertainty, we conducted a systematic review and meta-
analysis with an objective to clarify prevalence rate of
MetS in schizophrenia and related disorders taking into ac-
count variations in country, setting, stage of illness, AP
treatment, and illness duration. Our secondary aim was
to clarify the prevalence rates of every individual MetS
risk factor in those systematically monitored. A tertiary

aim was to examine which individual MetS risk factors
would be useful markers of the full MetS at the study level.

Methods

Inclusion and Exclusion Criteria

The systematic review was written up according to the
PRISMA standard (a protocol used to evaluate system-
atic reviews).36 Our focus was on patients with defined
schizophrenia (with or without related psychosis). We
excluded all studies without subjects with schizophre-
nia. Studies were included that examined MetS using
ATP III,10 ATP III-A,11 or IDF12 criteria. We excluded
studies using nonstandardized definitions of metabolic
syndrome. We included only studies on adults (exclud-
ing studies in those under 18 y and over 65 y) as varia-
tions in MetS in older and younger patients may
warrant separate analysis. However, to further account
for the effect of age in adults, we analyzed the effect of
mean age across studies. We were particularly interested
in the prevalence rate of MetS in each clinical setting
(inpatient, outpatient, or mixed settings), according
to disease stage, country of origin, and prescribed med-
ication. Finally, we excluded studies with inadequate
data for extraction.

Search Criteria and Critical Appraisal

A systematic literature search, critical appraisal of the col-
lected studies, and meta-analysis were conducted. The fol-
lowing abstract databases were searched from inception to
July 2011—Medline, PsycINFO, and Embase. Four full
text collections namely Science Direct, Ingenta Select,
Ovid Full text, Blackwell/Wiley Interscience were searched.
The abstract database Web of Knowledge (4.0, Insitute of
Scientific Information) was searched, using the above terms
as a text word search and using key papers in a reverse ci-
tation search. The search terms ‘‘metabolic or diabetes or
cardiovascular or blood pressure or glucose or lipid’’ and
‘‘psychosis or psychotic or schizophrenia or schizoaffec-
tive’’ yield 1092 hits, of which 933 were not relevant. We

Table 1. Common Definitions of Metabolic Syndrome

ATP III Definition
(3 of 5 Required)

ATP III-A Definition
(3 of 5 Required)

IDF Consensus Definition
(Waist Plus 2 Required)

Waist
circumference

Men > 102 cm (>40 in) Men > 102 cm (>40 in) Male � 94 cm (>37 in)

Women > 88 cm (>35 in) Women > 88 cm (>35 in) Female � 80 cm (>31.5 in)
Blood
pressure

�130/�85 mmHg �130/�85 mmHg �130/�85 mmHg

HDL
cholesterol

Men < 40 mg/dl (1.04 mmol/l) Men < 40 mg/dl (1.04 mmol/l) Men < 40 mg/dl (1.04 mmol/l)
Women < 50 mg/dl (1.29 mmol/l) Women < 50 mg/dl (1.29 mmol/l) Women < 50 mg/dl (1.29 mmol/l)

Triglycerides �150 mg/dl (1.7 mmol/l) �150 mg/dl (1.7 mmol/l) �150 mg/dl (1.7 mmol/l)
Fasting
glucose

�110 mg/dl (6.1 mmol/l) �100 mg/dl (5.6 mmol/l) �100 mg/dl (5.6 mmol/l)

Note: IDF, International Diabetes Federation; ATP, Adult Treatment Panel; HDL, high-density lipoprotein.
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also contacted many experts in the field for papers in prep-
aration and additional data and received data from 20
groups (see Acknowledgments). Methodological appraisal
of each study was conducted according to PRISMA stan-
dard including evaluation of bias (confounding, overlap-
ping data, and publication bias).30

Statistical Analysis

We pooled individual study data using DerSimonian-
Laird proportion meta-analysis.37 Heterogeneity was in-
variably moderate to high therefore a random effects
meta-analysis was performed using StatsDirect 2.6.2.
For comparative analyses (eg, by country of origin,
rate per prescribed medication), we required a minimum
of 3 independent studies to justify analysis according to
convention. In order to elucidate subgroup effects, we strat-

ified data by disorder, MetS definition, clinical setting, and
gender, where appropriate. We analyzed several predictors
of MetS including age, publication year, and duration of
illness using regression analysis, and examined components
ofMetSweremost predictive of the full syndrome at a study
level using Receiver Operator Characteristic curve analysis.
We excluded 36 publications containing 71 analyses with
data, which were either duplicates from the same group
as well as 10 publications that did not include any patients
with schizophrenia.

Results

Search Results

From 160 candidate publications following exclusions,
our search generated 77 publications containing 294

No schizophrenia data
Publications (N=10)

Valid MetS Analyses (N=126)
Sample (n=25,692)

Subsidiary Analyses (N=168)
Sample (n=24,626)

Preliminary Search Hits
Publications (N=1092)

Main Groupings

Outpatient  (N=49)
Sample (n=10,680)

Inpatients  (N=46)

Sample (n=6,770)

First episode / Unmedicated (N=17)
Sample (n=800)

Review article
Publications (N=36)

USA (N=30)
Sample (n=8533)

Taiwan; (N=8)
Sample (n=1679)

Turkey (N=12)
Sample (n=1229)

Country of Origin (if>5 studies)

India (N=10)
Sample (n=552)

Finland (N=5)
Sample (n=158)

Waist (N=75)
Sample (n=19,091)

BP (N=72)
Sample (n=18,657)

Triglycerides (N=77)
Sample (n=19,831)

Glucose (N=75)
Sample (n=20,212)

Smoking (N=41)
Sample (n=8789)

Publications (N=77)

Belgium (N=7)
Sample (n=1410)

Spain (N=6)
Sample (n=2187)

Netherlands (N=8)
Sample (n=1448)

Duplicate data
Publications (N=36)

Male Only (N=31)
Sample (n=5789)

Metabolic Components/Risk Factors

IDF (N=15)
Sample (n=1266)

ATP-III (N=80)
Sample (n=17,013)

ATP-III-A (N=12)
Sample (n=2716)

Olanzapine (N=12)
Sample (n=1056)

Clozapine (N=13)
Sample (n=673)

Risperidone (N=9)
Sample (n=659)

Female Only (N=30)
Sample (n=3794)

Others (N=19)
Sample (n=4697)

Diabetes (N=14)
Sample (n=2186)

Not relevant
Publications (N=933)

Valid Analyses (N=294)
Sample (n=50,318)

Fig. 1. Quality of reporting of meta-analyses (Quorom) search results.
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analyses (126 main group analyses and 168 subgroup
analyses). Subgroup analyses were generally those con-
taining analyses of patients on individual antipsy-
chotic drugs (supplementary appendix 3). The
dataset comprised 25 692 unique patients from 27
countries or regions (figure 1). Of 126 main analyses,
84 (66.7%) used Diagnostic and Statistical Manual of
Mental Disorders criteria to define schizophrenia and
related psychosis, and 18 of 126 (14.3%) used ICD10
criteria but 24 used clinical expert judgment or miscel-
laneous criteria. A subset of 66 analyses examined only
those with pure schizophrenia and no related psycho-
ses.
Of 126 main analyses, 46 were conducted among inpa-

tients (n = 6770), 49 were conducted in outpatient settings
(n = 10 680), and 29were conducted inmixed samples (n =
8186). Seventeen studies examined individuals who were
either in their first-episode drug naı̈ve or both (n = 800).
The remainder examined patients in mixed stages, taking
antipsychotic medication although sample sizes for those
taking individual AP were modest. Only 31 analyses
reported data on males and females separately, and
only 33 analyses reported data on ethnicity.

Prevalence of Metabolic Syndrome in Schizophrenia

Across all 126 analyses involving 25 692 patients with
schizophrenia, 64.0% of patients were male and their
the mean length of illness was 10.4 years. There was
no publication bias (supplementary appendix 1). The
overall rate of MetS was 32.5% (95% CI = 30.1%–
35.0%) (figure 2, table 2) using any standardized MetS
criteria. The rates using the ATP III, adapted ATP
III, or IDF definitions were 32.8% (N = 80, n = 17005,
95% CI = 30.0%–35.7%); 28.6% (N = 12, n = 2716,
95% CI = 19.8%–38.3%); and 35.3% (N = 15, n = 1266,
95% CI = 23.1%–48.6%), respectively.
We examined whether rates varied in several poten-

tially important subgroups. There were onlyminor differ-
ences in MetS according to country of study origin. For
example, the rate of ATPIII MetS was 32.5% (N = 26, n =
7037, 95%CI = 26.6%–38.7%) in theUnited States; 34.5%
(N = 5, n = 158, 95% CI = 25.4%–44.2%) in Finland;
30.1% (N = 9, n = 702, 95% CI = 24.7%–35.8%) in Turkey;
and 30.2% (N = 6, n = 2187, 95% CI = 23.6%–37.2%) in
Spain. Among inpatients, the rate of MetS was 30.4%
(N = 46, n = 6770, 95% CI = 26.7%–34.2%), and in out-
patients, it was 31.8% (N = 49; n = 10 680, 95% CI =
27.5%–36.2%). In males, MetS was present in 34.8%
(N = 31, n = 5789, 95% CI = 29.2%–40.6%), and in females,
it was diagnosed in 34.8% (N = 30, n = 3794, 95% CI =
29.5%–40.3%). In those studies of patients who were
drug naı̈ve or in their first episode, the rate was 11.3%
(N = 14, n = 800, 95% CI = 7.3%–16.1%). After including
all subgroups with first-episode patients, the rate in pure
first-episode patients was 13.0% (N = 7, n = 490, 95%
CI = 7.2%–20.1%). In those who were neither drug naı̈ve

0.0 0.2 0.4 0.6 0.8 1.0

combined 0.3253 (0.3011, 0.3499)

Grover et al. (2011) [drugs naieve] [ATP] [Females 0.0000 (0.0000, 0.1853)

Mayaan et al (2010) 0.0000 (0.0000, 0.3694)

Patel et al (2009) [Males] 0.0209 (0.0077, 0.0449)

Attux et al (2007) 0.0227 (0.0006, 0.1202)

Saddicha et al (2007) [Females] 0.0333 (0.0008, 0.1722)

Padmavati et al (2010) 0.0392 (0.0048, 0.1346)

De Hert et al (2008) 0.0556 (0.0207, 0.1170)

Bisconer et al (2010) [SG] 0.0698 (0.0146, 0.1906)

Chiu et al (2010) 0.0909 (0.0192, 0.2433)

Saddichha et al (2008) [ATPIII-A] 0.0909 (0.0424, 0.1656)

Oyekcin,et al (2009) [Females] 0.1000 (0.0025, 0.4450)

Baptista et al (2011) [Females] 0.1039 (0.0459, 0.1945)

Almeras et al (2004) [Males] 0.1111 (0.0371, 0.2405)

Patel et al (2009) [Females] 0.1122 (0.0574, 0.1920)

Hanssens et al (2010) [Olanzapine] 0.1186 (0.0491, 0.2293)

De Hert et al (2010) [Sertindole] 0.1327 (0.0726, 0.2162)

Rezaei et al (2009) [Males] 0.1435 (0.1003, 0.1965)

Medved et al (2009) [Females] 0.1489 (0.0839, 0.2372)
Lee et al. (2011) [Females] 0.1690 (0.0905, 0.2766)

Cerit et al (2008) [Males] 0.1695 (0.0844, 0.2897)

Roshdy (2011) 0.1878 (0.1337, 0.2525)

Kurt et al (2007) 0.1892 (0.1462, 0.2385)

Bernardo et al (2009) 0.1926 (0.1577, 0.2316)

Saari et al (2005) 0.1935 (0.0745, 0.3747)

Bai et al (2009) [Risperidone] 0.1942 (0.1463, 0.2498)

Phutane et al (2011) 0.1964 (0.1023, 0.3243)

L’Italien (2007) [Aripiprazole] 0.1985 (0.1524, 0.2515)

Hanssens et al (2010) [Risperidone] 0.2037 (0.1063, 0.3353)

De Hert et al (2010) [Risperidone] 0.2095 (0.1362, 0.2999)

Kraemer et al. (2011) [drugsnaieve][ATP III] 0.2099 (0.1499, 0.2807)

Grover et al. (2011) [drugs naieve] [ATP] [Males] 0.2143 (0.0830, 0.4095)

Bisconer et al (2010) [FG] 0.2143 (0.1159, 0.3444)

Lin et al (2010) 0.2167 (0.1765, 0.2614)

Ferreira et al (2010) 0.2192 (0.1308, 0.3314)

Littrell et al (2003) [inpatients] 0.2222 (0.0862, 0.4226)

Boke et al (2008) [Males] 0.2241 (0.1645, 0.2934)

Meyer et al (2009) [Black/Hispanic] [Olanzapine] 0.2273 (0.1331, 0.3470)

Bobes et al (2007) [Males] 0.2364 (0.2084, 0.2662)

Bai et al (2009) [Olanzapine] 0.2447 (0.1619, 0.3442)

Kaya et al (2009) [Females] 0.2500 (0.1212, 0.4220)

Mulder et al (2007) 0.2500 (0.1730, 0.3407)

Heiskanen et al (2003) [Females] 0.2500 (0.0727, 0.5238)

Sugarawara et al (2010) [Females] 0.2532 (0.2193, 0.2895)
De Hert et al (2007) 0.2548 (0.1971, 0.3197)

L’Italien (2007) [Placebo] 0.2581 (0.1912, 0.3344)

Pallava et al (2010) [Naïve] 0.2600 (0.1463, 0.4034)

Baptista et al (2011) [Males] 0.2614 (0.1981, 0.3328)

Cerit et al (2008) [Females] 0.2683 (0.1422, 0.4294)

Bobes et al (2007) [Females] 0.2721 (0.2354, 0.3111)

Yazici et al (2011) [Males] 0.2766 (0.2047, 0.3582)

L’Italien (2007) [Aripiprazole Active] 0.2789 (0.2344, 0.3270)

Bai et al (2009) [Clozapine] 0.2857 (0.2284, 0.3486)

van Winkel et al (2008) [Schizophrenia] 0.2883 (0.2490, 0.3300)

Meyer et al (2009) [White][Aripiprazole] 0.2895 (0.1911, 0.4049)

Hanssens et al (2008) 0.2927 (0.2478, 0.3409)

Sugarawara et al (2010) [Males] 0.2982 (0.2609, 0.3377)

Vargas & Santos (2011) 0.3036 (0.1878, 0.4410)

Teixeira and Rocha (2007) [Males] 0.3125 (0.1612, 0.5001)

Huang et al (2009) [Males] 0.3153 (0.2671, 0.3667)

Güveli et al. (2011) 0.3210 (0.2499, 0.3988)

Meyer et al (2009) [Black/Hispanic][Aripiprazole] 0.3239 (0.2176, 0.4455)

Hagg et al (2006) [Males] 0.3277 (0.2591, 0.4021)

Meyer et al (2009) [White][Olanzapine] 0.3297 (0.2347, 0.4361)

Schorr et al (2008) [Females] 0.3312 (0.2575, 0.4115)

Kaya et al (2009) [Males] 0.3333 (0.2076, 0.4792)

Heiskanen et al (2003) [Females] 0.3333 (0.1957, 0.4955)

De Hert et al (2008) 0.3388 (0.3193, 0.3587)

Schorr et al (2008) [Males] 0.3405 (0.2851, 0.3994)

Risselada et al (2010) 0.3457 (0.2728, 0.4243)
Sanchez-Araña et al (2007) [Males] 0.3596 (0.2605, 0.4682)

McEvoy et al (2005) [Males] 0.3602 (0.3184, 0.4037)

Sanchez-Araña et al (2007) [Females] 0.3617 (0.2267, 0.5148)

Grover et al. (2011) [ATP] 0.3651 (0.2812, 0.4555)

Mulder et al (2009) 0.3659 (0.2921, 0.4445)

Suvisaari et al (2007) [Schizophrenia] 0.3684 (0.2181, 0.5401)

Srisurapanont et al (2007) 0.3684 (0.2181, 0.5401)

Vuksan-Cusa et al (2010) 0.3710 (0.2516, 0.5031)

Hagg et al (2006) [Females] 0.3804 (0.2812, 0.4876)

Hatata et al (2009) 0.3810 (0.2615, 0.5120)

Shi et al (2009) 0.3887 (0.3727, 0.4050)

Huang et al (2009) [Females] 0.3893 (0.3336, 0.4472)

Yazici et al (2011) [Females] 0.3933 (0.3210, 0.4691)

Ellingrod et al (2008) 0.3966 (0.2705, 0.5336)

Teixeira and Rocha (2007) [Females] 0.4000 (0.1216, 0.7376)

van Winkel et al (2008) [Schizoaffective] 0.4022 (0.3012, 0.5096)

Suvisaari et al (2007) [Related Psychoses] 0.4074 (0.2757, 0.5497)

Basu et al (2009) 0.4130 (0.2700, 0.5677)

L’Italien (2007) [Olanzapine] 0.4155 (0.3650, 0.4674)

Brunero et al (2009)  [Females][IDF] 0.4286 (0.2446, 0.6282)

Cohn et al (2004) [Males] 0.4295 (0.3506, 0.5111)

Kang et al. (2011) [Males] 0.4296 (0.3882, 0.4717)

Larsen et al (2010) [Females] 0.4301 (0.3719, 0.4897)

Larsen et al (2010) [Males] 0.4389 (0.3897, 0.4890)

Kang et al. (2011) [Females] 0.4394 (0.3899, 0.4898)
Ramos-Rios et al (2010) 0.4561 (0.3799, 0.5339)

Oyekcin,et al (2009) [Males] 0.4583 (0.2555, 0.6718)

Maslow et al (2010) 0.4585 (0.3889, 0.5294)

Lee et al. (2011) [Males] 0.4595 (0.3429, 0.5793)

Grover et al. (2011) [Males] 0.4638 (0.3428, 0.5880)

Rezaei et al (2009) [Females] 0.4698 (0.3876, 0.5532)

Heiskanen et al (2003) [Males] 0.4737 (0.2445, 0.7114)

Correll  et al (2008) [Males] 0.4815 (0.3434, 0.6216)

Grover et al. (2011) [Females] 0.4839 (0.3015, 0.6694)

Cohn et al (2004) [Females] 0.4881 (0.3774, 0.5996)

Kraemer et al. (2011) [previousAP] [ATP III] 0.4958 (0.4500, 0.5417)

Khatana et al. (2011) [schizophrenia] 0.5000 (0.4324, 0.5676)

Pallava et al (2010) [Drug] 0.5000 (0.3553, 0.6447)

Littrell et al (2003) [out-patients] 0.5102 (0.4072, 0.6126)

McEvoy et al (2005) [Females] 0.5140 (0.4383, 0.5892)

Correll et al (2010) (fasting cohort) 0.5166 (0.4829, 0.5503)

Van Der Heijden et al. (2011) 0.5204 (0.4763, 0.5643)

Steylen et al (2009) [Males] 0.5217 (0.3695, 0.6711)

Pandina et al (2005) [phase 1 at baseline] 0.5372 (0.4443, 0.6283)

Lamberti et al (2006) 0.5376 (0.4312, 0.6416)

Fan et al (2010) 0.5377 (0.4658, 0.6084)

Tirupati et al (2007) [Females] 0.5556 (0.4000, 0.7036)

Correll  et al (2008) [Females] 0.5614 (0.4236, 0.6926)

Gulzar et al (2009 [Males] 0.5806 (0.3908, 0.7545)

Khatana et al. (2011) [schizoaffective] 0.6078 (0.5551, 0.6588)

Boke et al (2008) [Females] 0.6140 (0.4757, 0.7400)
Kato et al (2004) 0.6250 (0.4735, 0.7605)

Lin et al (2009) 0.6522 (0.4975, 0.7865)

Gulzar et al (2009 [Females] 0.6800 (0.4650, 0.8505)

Tirupati et al (2007) [Males] 0.7325 (0.6561, 0.7999)

Brunero et al (2009) [Males][IDF] 0.7333 (0.5806, 0.8540)

Steylen et al (2009) [Females] 0.8750 (0.6165, 0.9845)

proportion (95% confidence interval)

Fig. 2. Summary rate of metabolic.
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nor in their first episode, it was 35.3% (N = 112, n = 24 892,
95%CI = 32.8%–37.8%). In studies recruiting older patients
with a mean age of 50 years or higher, MetS was present in
39.2% (N = 14, n = 6396, 95% CI = 32.6%–46.1%).

Individual Metabolic Abnormalities in Schizophrenia

Fifty-three studies reported on the rate of obesity defined
as a waist (cm) more than 102 in males and 88 cm in
females (ATP) and 8 reported those with more than 94
cm in males and 80 cm in females (IDF) (figures 3–8).
The proportion overweight by ATP definition was
49.4% (N = 53; n = 14 305, 95% CI = 44.8%–53.3%)
and 44.4% according to IDF (N = 8, n = 263, 95%
CI = 32.3%–56.8%). Of studies reporting the rate of
hyperglycaemia (>110 mg/dl; ATP), the rate was
19.5% (N = 47, n = 13784, 95% CI = 16.9%–22.2%),
and it was 18.8% (N = 28, n = 6499, 95% CI =
15.5%–22.4%) for those with more than 100 mg/dl.
The rate of hypertriglyceridemia was 39.3% (N = 77,
n = 19 831, 95% CI = 35.0%–43.6%), and the propor-
tion of those with low HDL was 42.6% (N = 76, n =
19 280, 95% CI = 39.3%–46.0%). Additionally, 38.7%
(N = 72; n = 18 657, 95% CI = 35.6%–41.9%) of those
with schizophrenia had high blood pressure and 54.2%
(N = 41, n = 8789, 95% CI = 50.9%–57.5%) were smok-
ers (table 2) and 10.9% (N = 14, n = 2186, 95% CI =
7.0%–15.5%) had diabetes. Of note, in studies from
United States rates of high waist size, blood pressure,
smoking, and low HDL were all above 50% (see online
supplementary table 3).

Predictors of Metabolic Syndrome in Schizophrenia

On regression analysis, there was a modest association of
high rates of MetS in studies with older participants
(adjusted R2 = .20; t = 5.5; P < .0001) and a trend asso-
ciated with older year of publication (adjusted R2 = .7;
t = �1.8; P = .08). When studies from USA alone were
considered only the effect of age remained significant.
In the whole sample, there was a strong effect of illness
duration (adjusted R2 = .35; t = 4.9; P< .0001). Using the
median value of>32.8% to define a high rate ofMetS, we
examined which metabolic components were most pre-
dictive of the full syndrome. At a study level, waist
size was most useful in predicting high rate of MetS
with an area under curve (AUC) of 0.848 (sensitivity
=79.4%; specificity 78.8%). Illness duration (>7.8 y) was
also a useful predictor. Sensitivity and specificity of high
blood pressure, high triglycerides, high glucose and
low HDL, and age (>38 y) are shown in supplementary
appendix 2 online.

Metabolic Syndrome in Schizophrenia According to
Current Antipsychotic

Given the limitations in the sample, only 4 comparisons
were possible: unmedicated, those taking clozapine, olanza-
pine, or risperidone alone. Using the same criteria (ATP T
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III), the rate ofMetS was 51.9% (N = 13, n = 673, 95% CI =
45.8%–57.9%) for clozapine; 28.2% (N = 12, n = 1056, 95%
CI = 19.1%–38.4%) for olanzapine; and 27.9% (N = 9,
n = 659, 95%CI = 12.6%–46.5%) for risperidone. In unmed-
icated patients, the rate of MetS was 20.2% (N = 7, n = 297,
95% CI = 15.9%–24.9%) using ATPIII criteria. However,
we cannot exclude that certain prescriptions such as
clozapine were likely to be linked with covariates of age
and illness duration.

Discussion

General Findings

To the authors’ knowledge, the present large-scale meta-
analysis is the first to demonstrate that almost 1 in 3 of
unselected patients with schizophrenia suffer fromMetS.
We found 126 valid analyses in 77 publications within the
period 2003 to July 2011 (see figure 1). This indicates that
the cardio-metabolic risk in patients with schizophrenia is
clearly becoming recognized as a key consideration in the
long-term health of these patients. Examining individual
cardio-metabolic risk abnormalities, 1 in 2 patients with
schizophrenia are overweight, 1 in 5 appear to have sig-
nificant hyperglycaemia, and at least 2 in 5 have lipid

0.0 0.2 0.4 0.6 0.8 1.0

combined 0.49 (0.45, 0.53)

Saddichha et al (2008) [ATPIII-A] 0.05 (0.02, 0.11)

De Hert et al (2008) 0.11 (0.06, 0.19)

Hanssens et al (2010) [Olanzapine] 0.14 (0.06, 0.25)

Rezaei et al (2009) [Males] 0.20 (0.15, 0.26)

Bernardo et al (2009) 0.24 (0.21, 0.27)

Baptista et al (2011) [Males] 0.25 (0.19, 0.32)

Hanssens et al (2010) [Risperidone] 0.30 (0.18, 0.44)

van Winkel et al (2008) [Schizophrenia] 0.33 (0.29, 0.38)

Vuksan-Cusa et al (2010) 0.34 (0.22, 0.47)

Larsen et al (2010) [Males] 0.34 (0.29, 0.39)

Bobes et al (2007) [Males] 0.34 (0.31, 0.38)

De Hert et al (2007) 0.35 (0.29, 0.42)

McEvoy et al (2005) [Males] 0.35 (0.31, 0.40)

Grover et al. (2011) [drugs naieve] [ATP] [males] 0.36 (0.19, 0.56)

Schorr et al (2008) [Males] 0.37 (0.31, 0.43)

Cerit et al (2008) [Males] 0.37 (0.25, 0.51)

Teixeira and Rocha (2007) [Males] 0.38 (0.21, 0.56)

Hanssens et al (2008) 0.38 (0.33, 0.43)

Saari et al (2005) 0.42 (0.25, 0.61)

Cohn et al (2004) [Males] 0.44 (0.36, 0.52)

Maslow et al (2010) 0.45 (0.38, 0.52)

Sanchez-Araña et al (2007) [Males] 0.46 (0.35, 0.57)

Larsen et al (2010) [Females] 0.46 (0.40, 0.52)

Shi et al (2009) 0.47 (0.45, 0.48)

De Hert et al (2008) 0.48 (0.46, 0.50)

Hagg et al (2006) [Males] 0.49 (0.41, 0.56)

Baptista et al (2011) [Females] 0.49 (0.38, 0.61)

Grover et al. (2011) [ATP] 0.50 (0.41, 0.59)

Vargas & Santos (2011) 0.50 (0.36, 0.64)

Correll  et al (2008) [Males] 0.50 (0.36, 0.64)

Ferreira et al (2010) 0.51 (0.41, 0.61)

Suvisaari et al (2007) [Schizophrenia] 0.53 (0.36, 0.69)

Bobes et al (2007) [Females] 0.54 (0.50, 0.59)

van Winkel et al (2008) [Schizoaffective] 0.55 (0.45, 0.66)

Grover et al. (2011) [males] 0.57 (0.44, 0.68)

Suvisaari et al (2007) [Related Psychoses] 0.59 (0.45, 0.72)

Teixeira and Rocha (2007) [Females] 0.60 (0.26, 0.88)

Van Der Heijden et al. (2011) 0.61 (0.57, 0.65)

Cerit et al (2008) [Females] 0.61 (0.45, 0.76)

Schorr et al (2008) [Females] 0.62 (0.54, 0.69)

Yazici et al (2011) [Males] 0.66 (0.58, 0.74)

Yazici et al (2011) [Females] 0.66 (0.59, 0.73)

Heiskanen et al (2003) [Males] 0.68 (0.43, 0.87)

Grover et al. (2011) [females] 0.71 (0.52, 0.86)

Ellingrod et al (2008) 0.72 (0.59, 0.83)

Cohn et al (2004) [Females] 0.73 (0.62, 0.82)

Hagg et al (2006) [Females] 0.75 (0.65, 0.83)

Heiskanen et al (2003) [Females] 0.75 (0.48, 0.93)

McEvoy et al (2005) [Females] 0.77 (0.70, 0.83)

Sanchez-Araña et al (2007) [Females] 0.79 (0.64, 0.89)

Rezaei et al (2009) [Females] 0.87 (0.80, 0.92)

Correll  et al (2008) [Females] 0.88 (0.76, 0.95)

Kato et al (2004) 0.90 (0.77, 0.97)

proportion (95% confidence interval)

Fig. 3. Summary rate of obesity by waist size.

0.0 0.2 0.4 0.6 0.8

combined 0.195 (0.169, 0.222)

Bernardo et al (2009) 0.060 (0.044, 0.080)

Sanchez-Araña et al (2007) [Females] 0.064 (0.013, 0.175)

Baptista et al (2011) [Females] 0.078 (0.029, 0.162)

Baptista et al (2011) [Males] 0.080 (0.044, 0.130)

Sanchez-Araña et al (2007) [Males] 0.090 (0.040, 0.169)

Schorr et al (2008) [Females] 0.097 (0.056, 0.156)

Teixeira and Rocha (2007) [Females] 0.100 (0.003, 0.445)

Schorr et al (2008) [Males] 0.100 (0.068, 0.142)

Cohn et al (2004) [Males] 0.109 (0.065, 0.169)

Shi et al (2009) 0.121 (0.110, 0.132)

Huang et al (2009) [Males] 0.122 (0.090, 0.161)

Hagg et al (2006) [Females] 0.130 (0.069, 0.217)

Bobes et al (2007) [Males] 0.133 (0.111, 0.158)

McEvoy et al (2005) [Males] 0.142 (0.113, 0.175)

Rezaei et al (2009) [Males] 0.148 (0.104, 0.201)

Larsen et al (2010) [Females] 0.150 (0.111, 0.197)

Bobes et al (2007) [Females] 0.153 (0.124, 0.186)

Teixeira and Rocha (2007) [Males] 0.156 (0.053, 0.328)

Phutane et al (2011) 0.161 (0.076, 0.283)

Huang et al (2009) [Females] 0.161 (0.121, 0.208)

Yazici et al (2011) [Males] 0.163 (0.106, 0.235)

Yazici et al (2011) [Females] 0.169 (0.117, 0.232)

Cerit et al (2008) [Males] 0.169 (0.084, 0.290)

Hanssens et al (2008) 0.179 (0.142, 0.221)

Suvisaari et al (2007) [Related Psychoses] 0.185 (0.093, 0.314)

Hagg et al (2006) [Males] 0.186 (0.132, 0.252)

Rezaei et al (2009) [Females] 0.208 (0.146, 0.282)

Cohn et al (2004) [Females] 0.214 (0.132, 0.317)

McEvoy et al (2005) [Females] 0.218 (0.160, 0.286)

Van Der Heijden et al. (2011) 0.219 (0.184, 0.258)

Larsen et al (2010) [Males] 0.229 (0.189, 0.274)

Suvisaari et al (2007) [Schizophrenia] 0.237 (0.114, 0.402)

Correll  et al (2008) [Males] 0.241 (0.135, 0.376)

Grover et al. (2011) [unmedicated] [ATP] [males] 0.250 (0.107, 0.449)

Vargas & Santos (2011) 0.268 (0.158, 0.403)

Correll  et al (2008) [Females] 0.281 (0.170, 0.415)

De Hert et al (2008) 0.284 (0.266, 0.303)

Grover et al. (2011) [ATP] 0.286 (0.209, 0.373)

Kato et al (2004) 0.292 (0.170, 0.441)

Cerit et al (2008) [Females] 0.293 (0.161, 0.455)

Maslow et al (2010) 0.327 (0.263, 0.396)

Vuksan-Cusa et al (2010) 0.339 (0.223, 0.470)

Ellingrod et al (2008) 0.345 (0.225, 0.481)

Heiskanen et al (2003) [Females] 0.438 (0.198, 0.701)

Heiskanen et al (2003) [Males] 0.474 (0.244, 0.711)

Grover et al. (2011) [females] 0.484 (0.302, 0.669)

Grover et al. (2011) [males] 0.551 (0.426, 0.671)

proportion (95% confidence interval)

Fig. 4. Summary rate of hyperglycaemia.
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0.0 0.2 0.4 0.6 0.8 1.0

combined 0.426 (0.393, 0.460)

Chiu et al (2010) 0.061 (0.007, 0.202)

Hanssens et al (2010) [Olanzapine] 0.136 (0.060, 0.250)

Rezaei et al (2009) [Females] 0.148 (0.095, 0.215)

Saari et al (2005) 0.161 (0.055, 0.337)

Rezaei et al (2009) [Males] 0.188 (0.139, 0.246)

Attux et al (2007) 0.227 (0.115, 0.378)

De Hert et al (2008) 0.231 (0.156, 0.322)

Saddichha et al (2008) [ATPIII-A] 0.232 (0.153, 0.328)

Sugarawara et al (2010) [Males] 0.249 (0.214, 0.287)

Grover et al. (2011) [drugs naieve] [ATP] [males] 0.250 (0.107, 0.449)

Heiskanen et al (2003) [Females] 0.250 (0.073, 0.524)

Vargas & Santos (2011) 0.268 (0.158, 0.403)

Lee et al. (2011) [females] 0.282 (0.181, 0.401)

Hagg et al (2006) [Males] 0.282 (0.217, 0.355)

Maslow et al (2010) 0.283 (0.222, 0.350)

Bobes et al (2007) [Males] 0.285 (0.255, 0.316)

Srisurapanont et al (2007) 0.289 (0.154, 0.459)

De Hert et al (2007) 0.293 (0.232, 0.360)

van Winkel et al (2008) [Schizophrenia] 0.296 (0.257, 0.338)

Sugarawara et al (2010) [Females] 0.300 (0.264, 0.338)

De Hert et al (2008) 0.311 (0.292, 0.331)

Hanssens et al (2010) [Risperidone] 0.315 (0.195, 0.456)

Vuksan-Cusa et al (2010) 0.323 (0.209, 0.453)

Hanssens et al (2008) 0.332 (0.285, 0.381)

Suvisaari et al (2007) [Related Psychoses] 0.333 (0.211, 0.475)

Littrell et al (2003) [inpatients] 0.333 (0.165, 0.540)

Sanchez-Araña et al (2007) [Males] 0.337 (0.240, 0.445)

Schorr et al (2008) [Females] 0.338 (0.264, 0.418)

Lee et al. (2011) [males] 0.338 (0.232, 0.457)

Yazici et al (2011) [Males] 0.340 (0.263, 0.425)

Medved et al (2009) [Females] 0.340 (0.246, 0.445)

Yazici et al (2011) [Females] 0.343 (0.273, 0.417)

Ellingrod et al (2008) 0.345 (0.225, 0.481)

van Winkel et al (2008) [Schizoaffective] 0.348 (0.251, 0.454)

Sanchez-Araña et al (2007) [Females] 0.362 (0.227, 0.515)

De Hert et al (2010) [Sertindole] 0.367 (0.272, 0.471)

Huang et al (2009) [Males] 0.372 (0.322, 0.425)

Shi et al (2009) 0.372 (0.356, 0.388)

Schorr et al (2008) [Males] 0.380 (0.323, 0.440)

Grover et al. (2011) [males] 0.391 (0.276, 0.516)

Boke et al (2008) [Males] 0.397 (0.323, 0.473)

Teixeira and Rocha (2007) [Females] 0.400 (0.122, 0.738)

Hagg et al (2006) [Females] 0.402 (0.301, 0.510)

Khatana et al. (2011) [schizophrenia] 0.405 (0.340, 0.473)

De Hert et al (2010) [Risperidone] 0.410 (0.315, 0.510)

Kang et al. (2011) [Males] 0.431 (0.390, 0.474)

Grover et al. (2011) [ATP] 0.452 (0.364, 0.543)

Bobes et al (2007) [Females] 0.461 (0.419, 0.504)

Van Der Heijden et al. (2011) 0.480 (0.436, 0.524)

McEvoy et al (2005) [Males] 0.488 (0.444, 0.533)

Huang et al (2009) [Females] 0.490 (0.432, 0.548)

Suvisaari et al (2007) [Schizophrenia] 0.500 (0.334, 0.666)

Cohn et al (2004) [Males] 0.500 (0.419, 0.581)

Littrell et al (2003) [out-patients] 0.531 (0.427, 0.632)

Khatana et al. (2011) [schizoaffective] 0.541 (0.487, 0.593)

Grover et al. (2011) [drugs naieve] [ATP] [females 0.556 (0.308, 0.785)

Cerit et al (2008) [Males] 0.559 (0.424, 0.688)

Kang et al. (2011) [Females] 0.561 (0.510, 0.610)

Heiskanen et al (2003) [Males] 0.579 (0.335, 0.797)

Baptista et al (2011) [Males] 0.580 (0.503, 0.653)

Grover et al. (2011) [females] 0.581 (0.391, 0.755)

Correll et al (2010) (fasting cohort) 0.590 (0.557, 0.623)

Baptista et al (2011) [Females] 0.597 (0.479, 0.708)

Ferreira et al (2010) 0.597 (0.479, 0.708)

Bai et al (2009) [Olanzapine] 0.628 (0.522, 0.725)

McEvoy et al (2005) [Females] 0.631 (0.556, 0.702)

Boke et al (2008) [Females] 0.632 (0.493, 0.756)

Cohn et al (2004) [Females] 0.655 (0.543, 0.755)

Bai et al (2009) [Risperidone] 0.678 (0.615, 0.736)

Cerit et al (2008) [Females] 0.683 (0.519, 0.819)

Teixeira and Rocha (2007) [Males] 0.688 (0.500, 0.839)

Lin et al (2010) 0.692 (0.643, 0.738)

Bai et al (2009) [Clozapine] 0.736 (0.674, 0.792)

Kato et al (2004) 0.771 (0.627, 0.880)

Correll  et al (2008) [Males] 0.963 (0.873, 0.995)

Correll  et al (2008) [Females] 0.965 (0.879, 0.996)

proportion (95% confidence interval)

Fig. 6. Summary rate of high-density lipoprotein (random effects).

0.0 0.2 0.4 0.6 0.8 1.0

combined 0.393 (0.350, 0.436)

Grover et al. (2011) [drugs naieve] [ATP] [females 0.056 (0.001, 0.273)

Chiu et al (2010) 0.061 (0.007, 0.202)

Attux et al (2007) 0.091 (0.025, 0.217)

Shi et al (2009) 0.120 (0.109, 0.131)

Cerit et al (2008) [Females] 0.122 (0.041, 0.262)

Sanchez-Araña et al (2007) [Females] 0.149 (0.062, 0.283)

Bai et al (2009) [Risperidone] 0.153 (0.110, 0.205)

Sugarawara et al (2010) [Females] 0.167 (0.139, 0.199)

De Hert et al (2010) [Sertindole] 0.184 (0.113, 0.275)

Bai et al (2009) [Olanzapine] 0.191 (0.118, 0.286)

Lin et al (2010) 0.214 (0.174, 0.259)

De Hert et al (2008) 0.231 (0.156, 0.322)

Vargas & Santos (2011) 0.232 (0.130, 0.364)

Boke et al (2008) [Females] 0.246 (0.141, 0.378)

Boke et al (2008) [Males] 0.259 (0.195, 0.330)

Sugarawara et al (2010) [Males] 0.267 (0.231, 0.305)

Lee et al. (2011) [females] 0.268 (0.169, 0.386)

Bai et al (2009) [Clozapine] 0.281 (0.224, 0.344)

Sanchez-Araña et al (2007) [Males] 0.292 (0.201, 0.398)

Littrell et al (2003) [inpatients] 0.296 (0.138, 0.502)

De Hert et al (2010) [Risperidone] 0.305 (0.219, 0.402)

Schorr et al (2008) [Females] 0.312 (0.240, 0.391)

Heiskanen et al (2003) [Females] 0.313 (0.110, 0.587)

Heiskanen et al (2003) [Males] 0.316 (0.126, 0.566)

Bobes et al (2007) [Females] 0.324 (0.286, 0.365)

Baptista et al (2011) [Females] 0.325 (0.222, 0.441)

Baptista et al (2011) [Males] 0.330 (0.261, 0.404)

Medved et al (2009) [Females] 0.330 (0.236, 0.434)

Hanssens et al (2010) [Risperidone] 0.333 (0.211, 0.475)

Huang et al (2009) [Females] 0.339 (0.285, 0.396)

Kang et al. (2011) [Females] 0.341 (0.294, 0.390)

De Hert et al (2007) 0.356 (0.291, 0.425)

Grover et al. (2011) [drugs naieve] [ATP] [males] 0.357 (0.186, 0.559)

Ellingrod et al (2008) 0.362 (0.240, 0.499)

Huang et al (2009) [Males] 0.364 (0.313, 0.416)

De Hert et al (2008) 0.366 (0.346, 0.386)

Cohn et al (2004) [Females] 0.369 (0.266, 0.481)

Suvisaari et al (2007) [Related Psychoses] 0.370 (0.243, 0.513)

Grover et al. (2011) [females] 0.387 (0.218, 0.578)

Saari et al (2005) 0.387 (0.218, 0.578)

Grover et al. (2011) [ATP] 0.389 (0.303, 0.480)

Saddichha et al (2008) [ATPIII-A] 0.394 (0.297, 0.497)

Srisurapanont et al (2007) 0.395 (0.240, 0.566)

Correll et al (2010) (fasting cohort) 0.400 (0.367, 0.433)

Hanssens et al (2008) 0.404 (0.355, 0.455)

Bobes et al (2007) [Males] 0.407 (0.374, 0.440)

Hanssens et al (2010) [Olanzapine] 0.407 (0.281, 0.543)

Cerit et al (2008) [Males] 0.407 (0.281, 0.543)

Yazici et al (2011) [Males] 0.418 (0.336, 0.504)

Yazici et al (2011) [Females] 0.421 (0.348, 0.497)

Khatana et al. (2011) [schizophrenia] 0.423 (0.358, 0.491)

McEvoy et al (2005) [Females] 0.425 (0.351, 0.501)

van Winkel et al (2008) [Schizophrenia] 0.427 (0.384, 0.472)

Vuksan-Cusa et al (2010) 0.452 (0.325, 0.583)

Hagg et al (2006) [Females] 0.457 (0.352, 0.564)

Risselada et al (2010) 0.469 (0.390, 0.549)

Suvisaari et al (2007) [Schizophrenia] 0.474 (0.310, 0.642)

Schorr et al (2008) [Males] 0.491 (0.431, 0.551)

Kang et al. (2011) [Males] 0.492 (0.450, 0.534)

McEvoy et al (2005) [Males] 0.508 (0.463, 0.552)

Lee et al. (2011) [males] 0.514 (0.394, 0.631)

Hagg et al (2006) [Males] 0.514 (0.438, 0.590)

Teixeira and Rocha (2007) [Males] 0.531 (0.347, 0.709)

van Winkel et al (2008) [Schizoaffective] 0.533 (0.426, 0.637)

Khatana et al. (2011) [schizoaffective] 0.541 (0.487, 0.593)

Rezaei et al (2009) [Males] 0.547 (0.479, 0.614)

Van Der Heijden et al. (2011) 0.550 (0.505, 0.593)

Littrell et al (2003) [out-patients] 0.551 (0.447, 0.652)

Cohn et al (2004) [Males] 0.558 (0.476, 0.637)

Maslow et al (2010) 0.561 (0.490, 0.630)

Grover et al. (2011) [males] 0.580 (0.455, 0.698)

Teixeira and Rocha (2007) [Females] 0.600 (0.262, 0.878)

Rezaei et al (2009) [Females] 0.799 (0.725, 0.860)

Kato et al (2004) 0.833 (0.698, 0.925)

Correll  et al (2008) [Females] 0.877 (0.763, 0.949)

Correll  et al (2008) [Males] 0.889 (0.774, 0.958)

Bernardo et al (2009) 0.956 (0.919, 0.980)

proportion (95% confidence interval)

Fig. 5. Summary rate of hypertriglyceridemia in schizophrenia

(random effects).
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abnormalities when systematically tested (see table 2).
The MetS rates appear consistently high regardless of
definition of MetS (rates were nonsignificantly lower
in ATP III-A) and population norms although the mag-
nitude of the latter effect are not entirely clear. When
looking at the overall rate of MetS, only minor differen-
ces were apparent between United States, Finland, Tur-
key, and Spain, and there was considerable heterogeneity
in data from other countries. A subanalysis of studies
from the United States (see online supplementary table
3) suggests significantly higher rates of obesity (by waist
size), hypertension, and abnormal HDL cholesterol (all
P < .0001) compared with other countries.
When considering the MetS, identifying patients who

currently have or are at high risk for metabolic disorders
is a first step. Knowledge on which factors are associated
with the highest MetS rates helps to identify these patients
at greater risk. Consistent with population studies,25–28

there was no appreciable difference in men and women in-
dicating that both sexes need the same care. Despite the
large sample size (n = 25 692), there was modest data
on ethnic minority nonwhite populations. Consequently,
no meta-analytic conclusions can be drawn on the differ-
ences in MetS between different ethnic populations. In
contrast, prevalence of MetS was higher in those receiving
antipsychotic drugs compared with those who were un-
medicated. We also attempted to examine differences by
prescribed antipsychotic drug for MetS, but our findings
were limited by small sample size for each drug. High rates
were most notably seen on clozapine (51.9%), although
this could be influenced by subject age and duration of ill-
ness or indeed previous antipsychotic exposure. The pres-
entmeta-analytic findings demonstrate thatMetS rates are
increasing with older age. Lowest MetS rates were seen in
first-episode patients. However, one of the major determi-
nants for higher MetS risk was longer illness duration
(see supplementary appendix 2 online). The cumulative
long-term effect of poor health behaviors and long-term
exposure to antipsychotic drug places a patient with longer
illness duration at a greater risk of cardio-metabolic
disorders.
The lower rates of MetS observed in first-episode

patients is of great interest. No study has compared these
low rates with the general population, but it is quite plau-
sible that the risk is not increased in these patients early in
the course of their illness, prior to exposure to AP. Several
groups have however proposed a liability for people with
schizophrenia to develop metabolic abnormalities in the
absence of antipsychotic medication. 38–40 In support of
this, there are indications of an increased risk for diabetes
in first-degree relatives.41 There is also some evidence
for the underlying genetic risk for the development of
metabolic abnormalities after antipsychotic treatment
initiation.18,19 In studies that have assessed metabolic ab-
normalities in drug-naı̈ve first-episode patients, several
have found impaired glucose tolerance or insulin

0.0 0.2 0.4 0.6 0.8 1.0

combined 0.387 (0.356, 0.419)

Medved et al (2009) [Females] 0.032 (0.007, 0.090)

Cerit et al (2008) [Males] 0.034 (0.004, 0.117)

Chiu et al (2010) 0.061 (0.007, 0.202)

Teixeira and Rocha (2007) [Males] 0.063 (0.008, 0.208)

Heiskanen et al (2003) [Females] 0.125 (0.016, 0.383)

Lee et al. (2011) [females] 0.141 (0.070, 0.244)

Cerit et al (2008) [Females] 0.146 (0.056, 0.292)

De Hert et al (2010) [Sertindole] 0.163 (0.096, 0.252)

Grover et al. (2011) [drugs naieve] [ATP] [females 0.167 (0.036, 0.414)

Ferreira et al (2010) 0.221 (0.134, 0.330)

Boke et al (2008) [Females] 0.228 (0.127, 0.358)

Rezaei et al (2009) [Males] 0.238 (0.183, 0.299)

De Hert et al (2010) [Risperidone] 0.238 (0.160, 0.331)

Bai et al (2009) [Clozapine] 0.251 (0.197, 0.312)

De Hert et al (2008) 0.259 (0.180, 0.352)

Lin et al (2010) 0.272 (0.228, 0.319)

Bernardo et al (2009) 0.279 (0.246, 0.314)

Phutane et al (2011) 0.286 (0.173, 0.422)

Srisurapanont et al (2007) 0.289 (0.154, 0.459)

Grover et al. (2011) [females] 0.290 (0.142, 0.480)

Vuksan-Cusa et al (2010) 0.306 (0.196, 0.437)

Sugarawara et al (2010) [Females] 0.308 (0.272, 0.347)

Boke et al (2008) [Males] 0.316 (0.248, 0.391)

Grover et al. (2011) [ATP] 0.317 (0.237, 0.406)

Grover et al. (2011) [drugs naieve] [ATP] [males] 0.321 (0.159, 0.524)

Hagg et al (2006) [Females] 0.326 (0.232, 0.432)

Huang et al (2009) [Females] 0.332 (0.279, 0.389)

De Hert et al (2008) 0.348 (0.328, 0.368)

Yazici et al (2011) [Females] 0.354 (0.284, 0.429)

Yazici et al (2011) [Males] 0.355 (0.276, 0.440)

Cohn et al (2004) [Females] 0.357 (0.256, 0.469)

Saddichha et al (2008) [ATPIII-A] 0.364 (0.269, 0.466)

Kang et al. (2011) [Females] 0.366 (0.319, 0.416)

Heiskanen et al (2003) [Males] 0.368 (0.163, 0.616)

Rezaei et al (2009) [Females] 0.389 (0.311, 0.472)

Bai et al (2009) [Olanzapine] 0.394 (0.294, 0.500)

Ellingrod et al (2008) 0.397 (0.270, 0.534)

Bai et al (2009) [Risperidone] 0.397 (0.335, 0.461)

Cohn et al (2004) [Males] 0.397 (0.320, 0.479)

Suvisaari et al (2007) [Schizophrenia] 0.421 (0.263, 0.592)

Huang et al (2009) [Males] 0.423 (0.371, 0.477)

Schorr et al (2008) [Females] 0.429 (0.349, 0.511)

Risselada et al (2010) 0.438 (0.361, 0.518)

Kang et al. (2011) [Males] 0.444 (0.402, 0.486)

Hanssens et al (2010) [Risperidone] 0.444 (0.309, 0.586)

Lee et al. (2011) [males] 0.446 (0.330, 0.566)

Hanssens et al (2008) 0.448 (0.398, 0.499)

De Hert et al (2007) 0.452 (0.383, 0.522)

Hanssens et al (2010) [Olanzapine] 0.458 (0.327, 0.592)

Bobes et al (2007) [Females] 0.459 (0.417, 0.502)

Sugarawara et al (2010) [Males] 0.463 (0.422, 0.505)

Grover et al. (2011) [males] 0.464 (0.343, 0.588)

Sanchez-Araña et al (2007) [Females] 0.468 (0.321, 0.619)

McEvoy et al (2005) [Females] 0.469 (0.394, 0.545)

McEvoy et al (2005) [Males] 0.472 (0.428, 0.517)

Saari et al (2005) 0.484 (0.302, 0.669)

Schorr et al (2008) [Males] 0.491 (0.431, 0.551)

Hagg et al (2006) [Males] 0.492 (0.416, 0.568)

van Winkel et al (2008) [Schizophrenia] 0.495 (0.450, 0.540)

Shi et al (2009) 0.520 (0.504, 0.537)

Sanchez-Araña et al (2007) [Males] 0.528 (0.419, 0.635)

Van Der Heijden et al. (2011) 0.540 (0.496, 0.583)

Maslow et al (2010) 0.561 (0.490, 0.630)

van Winkel et al (2008) [Schizoaffective] 0.587 (0.479, 0.689)

Bobes et al (2007) [Males] 0.590 (0.556, 0.623)

Vargas & Santos (2011) 0.607 (0.468, 0.735)

Correll  et al (2008) [Males] 0.685 (0.544, 0.805)

Suvisaari et al (2007) [Related Psychoses] 0.685 (0.544, 0.805)

Khatana et al. (2011) [schizoaffective] 0.689 (0.638, 0.737)

Khatana et al. (2011) [schizophrenia] 0.689 (0.624, 0.749)

Kato et al (2004) 0.729 (0.582, 0.847)

Correll  et al (2008) [Females] 0.842 (0.721, 0.925)

proportion (95% confidence interval)

Fig. 7.Summary rate of hypertension in schizophrenia (random effects).
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resistance,38–40,42–45 while others have found no apprecia-
ble effect.46–49 Raised cholesterol and/or triglyceride levels
have been reported by some groups43,44 but not by
others.44 Green et al50 described a significant increase in
weight and total cholesterol levels but not in fasting
glucose in a cohort of 263 first-episode patients treated
with haloperidol or olanzapine for 2 years. In the
European First-Episode Study, Kahn et al51 evaluated
first-episode cases of schizophrenia during first year of ex-
posure to antipsychotic treatment and found an increase in
the number of overweight patients from 17% at baseline to
54% at 12 months and people with high cholesterol from
23% to 46.3%. Perez-Ingesias et al52 found limited abnor-
malities at baseline, but weight gain was positively corre-
lated with changes in insulin levels, insulin resistance

index, and triglyceride levels. Oriot et al53 found that after
9 months of first exposure, there were significant increases
in body mass index (BMI), fasting glucose, and waist cir-
cumference but no effect on blood pressure or lipids.

Limitations

We wish to acknowledge several limitations in the pri-
mary data and this meta-analysis. First, there was consid-
erable heterogeneity, which can only be partly controlled
by stratification for MetS definition and setting. Second,
there were limited data on nonschizophrenia psychosis,
and hence, analysis of this subgroup was not possible
on its own. Third, there were often missing data on
duration of illness. Indeed, it is important to note that

0.0 0.2 0.4 0.6 0.8 1.0

combined 0.54 (0.51, 0.58)

Grover et al. (2011) [drugs naieve] [ATP] [females 0.00 (0.00, 0.19)

Grover et al. (2011) [drugs naieve] [ATP] [males] 0.25 (0.11, 0.45)

Kato et al (2004) 0.29 (0.17, 0.44)

Suvisaari et al (2007) [Related Psychoses] 0.35 (0.23, 0.49)

Littrell et al (2003) [inpatients] 0.37 (0.19, 0.58)

Medved et al (2009) [Females] 0.39 (0.29, 0.50)

Bobes et al (2007) [Females] 0.40 (0.36, 0.45)

Hagg et al (2006) [Females] 0.41 (0.31, 0.52)

Hagg et al (2006) [Males] 0.42 (0.34, 0.49)

Suvisaari et al (2007) [Schizophrenia] 0.45 (0.29, 0.62)

Yazici et al (2011) [Females] 0.45 (0.37, 0.53)

Yazici et al (2011) [Males] 0.45 (0.37, 0.54)

Littrell et al (2003) [out-patients] 0.48 (0.38, 0.58)

Cerit et al (2008) [Males] 0.51 (0.37, 0.64)

Khatana et al. (2011) [schizophrenia] 0.51 (0.44, 0.58)

De Hert et al (2008) 0.51 (0.49, 0.53)

Cerit et al (2008) [Females] 0.51 (0.35, 0.67)

Correll  et al (2008) [Males] 0.52 (0.38, 0.66)

Correll  et al (2008) [Females] 0.53 (0.39, 0.66)

Ramos-Rios et al (2010) 0.56 (0.48, 0.64)

Rezaei et al (2009) [Females] 0.56 (0.48, 0.64)

Rezaei et al (2009) [Males] 0.57 (0.50, 0.63)

Khatana et al. (2011) [schizoaffective] 0.58 (0.53, 0.63)

Lamberti et al (2006) 0.58 (0.47, 0.68)

Hanssens et al (2010) [Olanzapine] 0.59 (0.46, 0.72)

Van Der Heijden et al. (2011) 0.60 (0.56, 0.64)

Larsen et al (2010) [Females] 0.61 (0.55, 0.67)

Larsen et al (2010) [Males] 0.61 (0.56, 0.66)

Hanssens et al (2010) [Risperidone] 0.61 (0.47, 0.74)

De Hert et al (2007) 0.62 (0.55, 0.69)

Bobes et al (2007) [Males] 0.62 (0.59, 0.66)

Fan et al (2010) 0.63 (0.56, 0.70)

Ferreira et al (2010) 0.64 (0.52, 0.75)

Hanssens et al (2008) 0.65 (0.60, 0.70)

Cohn et al (2004) [Females] 0.65 (0.54, 0.76)

Sanchez-Araña et al (2007) [Males] 0.67 (0.57, 0.77)

Sanchez-Araña et al (2007) [Females] 0.68 (0.53, 0.81)

Steylen et al (2009) [Males] 0.72 (0.57, 0.84)

Cohn et al (2004) [Males] 0.74 (0.66, 0.80)

Steylen et al (2009) [Females] 0.75 (0.48, 0.93)

Hatata et al (2009) 0.86 (0.75, 0.93)

proportion (95% confidence interval)

Fig. 8. Summary Rate of Smoking in Schizophrenia (random effects).
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duration of illness is often a proxy of duration of medi-
cation exposure and is related to patient age, both of
which may influence MetS. Fourth, there were inade-
quate data on individuals prescribed specific AP, partic-
ularly first-generation antipsychotic drugs. Fifth, there
was inadequate measurement of population rates of
MetS in each study, and as such, relative risk estimates
of MetS could only be extrapolated. Finally, there was
marked variation in the quality of studies, particularly
sample size.

Clinical Implications

Although with limitations, our findings demonstrate that
patients with schizophrenia are a high-risk group for
MetS. They should therefore be routinely screened for
MetS risk factors at key stages.54,55 This can be achieved
by establishing a risk profile based on consideration of
medical factors (eg, obesity, dyslipidaemia, hypertension,
hyperglycaemia, and established diabetes) but also be-
havioral factors (eg, poor diet, smoking, and physical in-
activity). This risk profile can then be used as a basis for
ongoing monitoring, treatment selection, and manage-
ment. Of the individual components of MetS, increased
waist size (or abdominal obesity) was most predictive of
MetS status (see supplementary appendix 2 online). At
a study level, waist size predicted MetS with an AUC
of 0.848. Visceral (intra-abdominal) adiposity is known
to be closely associated with hyperinsulinaemia, dyslipi-
daemia, and impaired glucose tolerance. Several groups
have proposed that waist size or BMI could be used as
a simple screening test for MetS in schizophrenia.56–58

Straker et al56 found that abdominal obesity alone has
92% sensitivity and 55.6% specificity for full MetS De
Hert et al59 developed a schizophrenia specific conversion
method to calculate waist size from BMI Waist circum-
ference can predicted according to the following formula:
waist = 33.0 þ (2.4 3 BMI) for men and waist = 27.9 þ
(2.4 3 BMI) for women.

Although measuring waist circumference and/or BMI
is simple, easy to perform, and inexpensive, 50% of
patients in routine care have no recorded BMImeasure,60

and about 60% of inpatients receive no comprehensive
physical examination.61 The American Diabetes Associ-
ation62 recommends that patients receiving atypical anti-
psychotics should have waist circumference measured at
baseline and annually and BMI at baseline, at 4, 8, and 12
weeks and then quarterly. Guidelines from the European
Psychiatric Association4 recommend that monitoring
should be taken at the initial presentation and before
the first prescription of antipsychotic medication and
(for patients with normal baseline tests) repeated at 6
and 12 weeks after initiation of treatment and at least an-
nually thereafter. In light of the high rates of MetS ob-
served in all settings, we propose that minimum
monitoring should include BMI and waist circumference,

and optimal monitoring should also include fasting glu-
cose, lipids, and cholesterol. Additionally, psychiatrists,
physicians, nurses, and other members of the multidisci-
plinary team can help educate and motivate patients with
schizophrenia to improve their lifestyle through the use of
effective behavioral interventions, including smoking ces-
sation, dietary measures, and exercise.55,63,64 However, if
lifestyle interventions do not succeed (or are unlikely to
succeed) then preferential use of or switching to a lower
risk medication or addition of a medication known to re-
duce weight and/or metabolic abnormalities should be
considered.4,20,55,64–66

Future Research

Future studies should evaluate interventions that target
the individual components of the metabolic syndrome es-
pecially abdominal obesity. Future research should also
undertake a comprehensive assessment of MetS risk fac-
tors following, at the very least, recommended monitor-
ing guidelines. Long-term follow-up will be required here
in order to accurately document the emergence of some
outcomes, such as diabetes. Thirdly, examining whether
cardio-metabolic outcomes are moderated by clinical
characteristics and genetic factors should become a clin-
ical research priority.

Conclusions

Ourmeta-analysis clearly demonstrates thatMetS risk fac-
tors are highly prevalent in patients with schizophrenia.
Psychiatrists need to be aware of the potential metabolic
side effects of antipsychotic medication and to include
them in the risk/benefit assessment when choosing a spe-
cific antipsychotic. The treating psychiatrists should also
be responsible for the implementation of the necessary
screening assessments and referral for treatment.Multidis-
ciplinary assessment of medical and behavioral conditions
is needed. Psychiatric treatment facilities should offer and
promote healthy lifestyle intervention early in the course of
disease aiming to prevent serious metabolic adverse
effects. Future research should focus on evaluating inter-
ventions that targetMetS and examine if cardio-metabolic
outcomes are moderated by clinical characteristics and ge-
netic factors.

Supplementary Material

Supplementary material is available at http://schizophre
niabulletin.oxfordjournals.org.
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