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Abstract
Objectives: The presence of metabolic abnormalities is an important risk factor for cardiovascular disease and
diabetes. There are limited data on the prevalence of the metabolic abnormalities in disorders other than
schizophrenia in which antipsychotic medication is part of routine treatment.
Methods: Sixty consecutive patients with bipolar disorder (BD) at our university psychiatric hospital and affiliate
services were entered in an extensive prospective metabolic study including an oral glucose tolerance test. The
prevalence of the metabolic syndrome was assessed based on the National Cholesterol Education Program Adult
Treatment Protocol (ATP-III) criteria, the adapted ATP-III criteria using a fasting glucose threshold of 100
mg/dL, and the recently proposed criteria from the International Diabetes Federation (IDF).
Results: The analysis of 60 patients showed a prevalence of the metabolic syndrome of 16.7% (ATP-III), 18.3%
(adapted ATP-III) and 30.0%) (IDF), respectively. A total of 6.7% of the patients met criteria for diabetes and
23.3% for pre-diabetic abnormalities.
Conclusions: The metabolic syndrome and glucose abnormalities are highly prevalent among patients with BD.
They represent an important risk for cardiovascular and metabolic disorders. Assessment of the presence and
monitoring of metabolic abnormalities and its associated risks should be part of the clinical management of
patients with BD.
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Since the introduction of second-generation antipsychotics and their association with metabolic abnormalities,
there has been a rise of interest in the occurrence of metabolic abnormalities in patients treated with these drugs,
although the main focus of research was on patients diagnosed with schizophrenia (1-3). The issue of
abnormalities in glucose metabolism has received most attention (1, 4-9).
Next to diabetes, there has been a surge of interest into other medical conditions such as cardiovascular
morbidity, abnormal lipid metabolism and obesity that also have a serious impact on the physical health. In
patients with schizophrenia, recent research has demonstrated a prevalence of 40-50% of the metabolic
syndrome, which comprises abnormalities in glucose metabolism, lipid metabolism, obesity and blood pressure
(10-12).
In contrast to patients diagnosed with schizophrenia, research on metabolic abnormalities in patients with bipolar
disorder (BD) has been relatively scarce. Three retrospective chart reviews of patients with BD (13-15), one of
which also investigated diabetes prevalence in patients with schizoaffective disorder and schizophrenia (15),

*

MDeH has been a consultant to, received grant /research support and honoraria from, and has served on the speakers/advisory boards of
AstraZeneca, Lundbeck JA, Janssen-Cilag, Eli Lilly & Co., Pfizer, Sanofi and Bristol-Myers Squibb. DVE has served on the
speakers/advisory board of Sanofi. LH is an employee of Bristol-Myers Squibb. AS has served on the speakers/advisory boards of Pfizer,
Sanofi-Aventis, Eli Lilly & Co., AstraZeneca, Novo Nordisk and MSD. JP has been a consultant to, received grant /research support and
honoraria from, and has served on the speakers/advisory boards of AstraZeneca, Lundbeck JA, Janssen-Cilag, Eli Lilly & Co., Pfizer, Sanofi
and Bristol-Myers Squibb. RvW, MW has no conflicts of interest to disclose relative to this article.

Published in: Bipolar Disorder (2008), vol. 10, pp. 342-348
Status: Postprint (Author’s version)

found evidence for an increased prevalence of diabetes in these patients when compared to the general
population. It has been previously shown, however, that a large proportion of diabetes cases remain undetected
when patients are not actively screened for these abnormalities (16-19), which implies that the actual prevalence
of diabetes in patients with BD could even be higher than the rates reported in these studies.
With respect to the metabolic syndrome, a study by Fagiolini et al. (20) evaluated the prevalence of the
metabolic syndrome in 171 patients with BD, and found a prevalence of 30%, using National Cholesterol
Education Program Adult Treatment Protocol (ATP-III) criteria. Furthermore, there is convincing evidence for
an increased prevalence of obesity in bipolar patients (21-24), and possibly also for different dietary habits, with
bipolar patients consuming more sugars and carbohydrates than controls (25). These data clearly show the
relevance of investigating metabolic abnormalities in patients with BD.
To our knowledge, no study has specifically addressed the prevalence of metabolic abnormalities in bipolar
patients with a comprehensive metabolic screening using an oral glucose tolerance test. The aim of the current
study was to investigate the prevalence of metabolic abnormalities and the metabolic syndrome in a sample of 60
patients with BD.
Methods
At the University Psychiatric Center Katholieke Universiteit Leuven in Kortenberg (Belgium) and its affiliate
services, according to international guidelines, patients treated with antipsychotic medication are being asked to
participate in an extensive screening and prospective follow-up study of metabolic parameters. The vast majority
of patients treated with antipsychotic medication and in follow up in our hospital or its affiliate services are part
of this extensive metabolic study, which was started in November 2003. This screening program was described
extensively elsewhere (12, 18, 26-28). In short, the study population is a dynamic, naturalistic cohort. Referral
by the treating psychiatrist for metabolic screening and monitoring is a clinical routine in our hospital and its
affiliate services, certainly for hospitalized patients and to a lesser extent for ambulatory patients. Although no
systematic data are being recorded on patients who refuse this monitoring, the clinical experience learns that
very few patients do so. Decisions regarding medication, including dose reduction, dose augmentation, and
switch strategies, are made by the treating psychiatrist together with the patient. These changes are recorded and
patients are monitored by means of laboratory tests, oral glucose tolerance tests (OGTT) and clinical
examinations. The baseline characteristics of the first 430 patients with schizophrenia or schizoaffective disorder
of this cohort were previously reported (12). The current study describes the baseline characteristics of the first
60 patients with BD. As the diagnosis is a clinical diagnosis recorded by the treating psychiatrist, and no
structured diagnostic interview was done, it was not possible to distinguish bipolar I and bipolar II patients.
At baseline, patients received a full fasting laboratory screening, clinical measurements and an
electrocardiogram. A 75-g glucose load OGTT was performed on all patients. Patients were initiated on an
overnight fast and were monitored during the OGTT. All laboratory analyses were performed in the same
laboratory.
The presence of the metabolic syndrome was assessed using ATP-III criteria, the adapted ATP-III criteria
(fasting glucose criterion of > 100 instead of > 110 mg/dL, plus including treatment for hypertension, -lipidemia
and -glycemia as criteria) and the recently proposed International Diabetes Federation (IDF) criteria (for
overview, see Table 1) (29-31). For the diagnosis of diabetes and pre-diabetic abnormalities, we used the criteria
of the American Diabetes Association (ADA) [impaired fasting glucose (IFG): fasting glucose 100-125 mg/dL
and impaired glucose tolerance (IGT), glucose 140-199 mg/dL at 2h in the OGTT] (32). Patients did not have a
diagnosis of diabetes prior to the baseline metabolic screening.
Descriptive statistics were computed for the basic demographic and clinical variables as well as for the variables
relevant for the evaluation of metabolic abnormalities. The influence of the presence/absence of the metabolic
syndrome and the presence/absence of glucose abnormalities on continuous variables was assessed by means of
an independent samples t-est. The association between categorical variables was evaluated by a chi-square test.
The study was approved by an ethical committee and all patients gave written informed consent.
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Table 1. The prevalence of glucose abnormalities depending on the absence ('No') or presence ('Yes') of the
metabolic syndrome according to the different definitions
Normal
Prediabetes
values % (n) % (n)
ATP-III
No
78 (39)
Yes
30 (3)
Adapted ATP-III
No
79.6 (39)
Yes
27.3 (3)
IDF
No
83.3 (35)
Yes
38.9 (7)
Total
70 (42)

Diabetes % Total % (n)
(n)

pa
< 0.001

20 (10)
40 (4)

2(1)
30 (3)

83.3 (50)
16.7 (10)

18.4 (9)
45.4 (5)

2(1)
27.3 (3)

81.7 (49)
18.3 (11)

16.7(7)
38.9 (7)
23.3 (14)

0(0)
22.2 (4)
6.7 (4)

70 (42)
30 (18)

< 0.001

< 0.001

ATP-III = National Cholesterol Education Program Adult Treatment Protocol; IDF = International Diabetes Federation. aAnalysis of
variance.

Table 2. Clinical and demographic data
Age, mean (SD)
Sex, % (n)
Female
Male
Global Assessment of Functioning, mean (SD)
Age first admission, mean (SD)
Number of admissions, mean (SD)
Duration of illness, mean (SD)
Number of different drugs, mean (SD)
BMI (kg/m2), mean (SD)
BMI segmentation, mean (SD)
Normal (20-25 kg/m2)
Overweight (25-30 kg/m2)
Obese (> 30 kg/m2)
Living situation, % (n)
Sheltered housing
With family
Partner
Alone
Residential facility
Occupation, % (n)
Work
Sheltered work
Study/training
None
Family history of cardiovascular disease, % (n)
Family history of diabetes, % (n)
Family history of lipid disorder, % (n)
BMI = Body mass index.

All
45.3 (13.0)
56.7 (34)
43.3 (26)
58.7 (8.7)
35.9 (12.3)
3.3 (2.5)
9.4 (10.9)
3.2 (1.5)
24.4 (4.2)
70 (42)
21.7 (13)
8.3 (5)
3.3 (2)
20 (12)
35 (21)
36.7 (22)
5 (3)
28.3 (17)
0 (0)
3.3 (2)
68.3 (41)
40 (24)
30 (18)
30 (18)
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Results
Subjects
The mean (SD) age of the patients was 45.3 (13.0) years and the mean (SD) duration of illness was 9.4 (10.9)
years. Of these patients, 26 were male (43.3%), and all patients were Caucasian. All subjects completed the
assessments. The majority of patients were able to live independently in the community (n = 55, or 91.7%) and
17 patients also were employed (28.3%). There was a high prevalence of family history for cardiovascular and
metabolic disorders (Table 2). The majority of patients had a normal weight, and obesity was only present in 5
patients (8.3%). Except for 7 patients, all patients were treated with antipsychotic medication. The most
frequently used antipsychotics were olanzapine and quetiapine (Table 3). Patients received a mean (SD) of 3.2
(1.5) different medications. Next to antipsychotic medication, patients were treated with anticholinergics (5%),
antidepressants (46.5%) and benzodiazepines (35.0%). Thirty patients received mood stabilizers: 20 patients
received valproic acid, 10 received lithium, 3 received lamotrigine and 1 received carbamazapine (4 patients
took 2 mood stabilizers). Twenty patients took non-psychoactive medication, which was relevant for metabolic
disturbances in 9 patients, who all took antihypertensive medication. Except for these 9 patients, no other
patients were known with hypertension prior to the baseline screening; similarly, no patients were known with
diabetes or lipid disorders prior to the baseline screening.

Table 3. Medication characteristics
Anticholinergic
Benzodiazepine
Antidepressant
Mood stabilizera
Valproate
Lithium
Lamotrigine
Carbamazepine
No antipsychotic
Only first-generation
Only second-generation
Combination
Second-generation antipsychotic
Second-generation
Aripiprazole
Clozapine
Risperidone
Quetiapine
Amisulpride
Olanzapine
No medication
a

% (n)
5.0 (3)
35.0 (21)
46.6 (28)
50 (30)
66.7 (20)
33.3 (10)
10.0 (3)
3.3(1)
11.7(7)
0(0)
78.3 (47)
10(6)
88.3 (53)
1.9(1)
3.7 (2)
20.4 (11)
31.5 (17)
1.8(1)
40.7 (22)
0(0)

Four patients combine two mood stabilizers.

Metabolic abnormalities
The prevalence of the metabolic syndrome according to the different definitions is shown in Table 4. There was
no significant difference in the prevalence of the metabolic syndrome according to sex, although female patients
were significantly more likely to meet the increased waist criterion according either to ATP-III (χ2 = 4.67, p <
0.0307) or IDF criteria (χ2 = 5.98, p < 0.0144). Abnormal lipid values were frequently observed: 35 patients
(58.3%) had elevated cholesterol, 31 patients (51.7%) had elevated low-density lipoprotein cholesterol, 16
(26.7%) had elevated triglycerides and 13 (21.7%) had low high-density lipoprotein cholesterol, with all of these
elevated measures being uncovered for the first time. Patients meeting criteria for the metabolic syndrome were
significantly more likely to take a second-generation antipsychotic, except for patients meeting criteria for the
metabolic syndrome according to the IDF definition (ATP-III: 7 of 10 patients, χ2 = 9.4, p < 0.01; adapted ATPIII: 8 of 11 patients, χ2 = 8.1, p < 0.0175; IDF: 16 of 18 patients, χ2 = 2.4, p < 0.31). Patients with the metabolic
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syndrome were significantly more likely to be overweight or obese than patients that did not meet criteria for the
metabolic syndrome (ATP-III: 8 of 10 patients, χ2 = 17.3, p < 0.001; adapted ATP-III: 9 of 11 patients, χ2 = 21.4,
p < 0.0001; IDF: 10 of 18 patients, χ2 = 12.2, p < 0.01).
According to ADA criteria, 4 patients (6.7%) met criteria for diabetes and another 14 (23.3%) met criteria for
pre-diabetes (14 IFG, of whom 9 also had IGT). Of the patients with diabetes, 3 were treated with quetiapine and
1 with quetiapine combined with olanzapine. Two of the patients who met criteria for diabetes were not treated
with a mood stabilizer; the other 2 were treated with lithium. Patients with diabetes were significantly older than
patients without diabetes [F(1,58) = 4.9, p < 0.0314]. Similarly, patients that met criteria for the metabolic
syndrome, regardless of the definition applied, were significantly older than patients not meeting criteria for the
metabolic syndrome [ATP-III: F(l,58) = 14.5, p < 0.001; adapted ATP-III: F(l,58) = 10.8, p < 0.01; IDF: F(l,58)
= 4.3, p < 0.0422]. Of the patients with pre-diabetic abnormalities, 3 were treated with risperidone, 2 with
clozapine, 3 with quetiapine, 5 with olanzapine and 1 without antipsychotic medication (who took two mood
stabilizers and an antidepressant). Patients with the metabolic syndrome were more likely to meet criteria for
diabetes or pre-diabetic abnormalities in all definitions applied (Table 1). Patients with the metabolic syndrome
according to the IDF criteria were more likely to have a family history of diabetes (χ2 = 4.9, p < 0.0269), but this
was not found for patients meeting criteria for the metabolic syndrome according to the ATP-III or adapted ATPIII criteria, or for patients who met criteria for diabetes. Likewise, the presence of a family history of lipid
disorders or cardiovascular disease was not significantly different in patients with or without diabetes, or in
patients with or without the metabolic syndrome for all definitions applied.

Table 4. Metabolic syndrome criteria prevalence

ATP-IIIb
Criteria
Waist (male > 102 cm, female > 88 cm)
Blood pressure (> 130/85 mmHg)
HDL (male < 40 mg/dL, female < 50 mg/dL)
Triglycerides (> 150 mg/dL)
Glucose (> 110 mg/dL)
Adapted ATP-lllb
Criteria
Waist (male > 102 cm, female > 88 cm)
Blood pressure (> 130/85 mmHg)c
HDL (male < 40 mg/dL, female < 50 mg/dL)
Triglycerides (> 150 mg/dL)
Glucose (> 100 mg/dL)d
IDFe
Criteria
Waist (male > 94 cm, female > 80 cm)
Blood pressure (> 130/85 mmHg)
HDL (male < 40 mg/dL, female < 50 mg/dL)
Triglycerides (> 150 mg/dL)
Glucose (> 100 mg/dL)

All (n = 60)
% (n)
16.7 (10)

Male (n = 26)
% (n)
19.2 (5)

Female (n = 34)
% (n)
17.6 (5)

pa

30.0 (18)
48.3 (29)
21.7 (13)
26.7 (16)
13.3 (8)
18.3 (11)

15.4 (4)
61.5 (16)
19.2 (5)
38.4 (10)
15.1 (4)
19.2 (5)

41.4 (14)
38.2 (13)
23.5 (8)
17.6 (6)
11.8 (4)
17.6 (6)

0.03
NS
NS
NS
NS
NS

30.0 (18)
48.3 (29)
21.7 (13)
26.7 (16)
28.3 (17)
30.0 (18)

15.4 (4)
61.5 (16)
19.2 (5)
38.4 (10)
23.1 (6)
34.6 (9)

41.4 (14)
38.2 (13)
23.5 (8)
17.6 (6)
32.4 (11)
26.5 (9)

0.03
NS
NS
NS
NS
NS

60.0 (36)
48.3 (29)
21.7 (13)
26.7 (16)
28.3 (17)

30.6 (11)
61.5 (16)
19.2 (5)
38.4 (10)
23.1 (6)

69.4 (25)
38.2 (13)
23.5 (8)
17.6 (6)
32.4 (11)

0.01
Ns
NS
NS
NS

ATP-III = National Cholesterol Education Program Adult Treatment Protocol; IDF = International Diabetes Federation; HDL = high-density
lipoprotein; NS = not significant. aAnalysis of variance.
b
Metabolic syndrome if 3 of 5 criteria are met. cOr if treated with antihypertensive medication. dOr if treated with insulin or glucose-lowering
medication. eMetabolic svndrome if 2 criteria AND the waist criterion are met (waist is obligatory).

Discussion
To our knowledge, this is the first non-retrospective study to directly assess the prevalence of diabetes in patients
with BD, by the use of an OGTT. Furthermore, the metabolic syndrome and other metabolic abnormalities were
assessed. High rates of diabetes, the metabolic syndrome and metabolic abnormalities were found. These results
confirm the high prevalence of the metabolic syndrome in patients with BD, reaching as much as twice the
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prevalence of the general Belgian population matched for age (33). The prevalence of diabetes in the current
sample was three times higher than the rate of drug-treated diabetes in the general population (34). Therefore,
these data clearly demonstrate the need for screening for the metabolic syndrome and diabetes not only in
patients diagnosed with schizophrenia, as suggested in the literature (8, 9, 18, 35), but also in patients with BD,
or at least those who are being treated with second-generation antipsychotics. The importance of such screening
is underlined by the rates of newly detected and previously untreated hypertension in 33% of patients and
hypercholesterolemia in 58% of patients, which is in line with high rates of non-treatment in patients with
schizophrenia (36).
Despite these increased prevalence rates when compared to the general population, the prevalence of the
metabolic syndrome in the current sample of bipolar patients was considerably lower than the prevalence
reported by Fagiolini et al. (20). These differences in prevalence rates are likely to be due to lifestyle differences
in the European versus the American population but, to our knowledge, no study has specifically handled this
issue. Nevertheless, estimates of the metabolic syndrome in the general population have consistently been lower
for European than for US populations (37-41).
When compared to patients with schizophrenia or schizoaffective disorder (12), the prevalence of the metabolic
syndrome appears lower in the bipolar patient group. Interestingly, rates of glucose abnormalities were as high in
bipolar patients as in schizophrenia patients (18), as was the presence of a family history of cardiovascular
complications, diabetes and lipid disorders (42). The current results suggest that patients with BD are also at high
risk to develop metabolic abnormalities, and thus, that the increased risk for the development of these
abnormalities is not limited to patients with schizophrenia. Interestingly, the current results suggest that the
development of metabolic abnormalities is only moderately associated with weight, since of the current sample,
43 of the 60 patients had a normal weight (body mass index between 20 and 25 kg/m2) and only 5 patients met
criteria for obesity (body mass index above 30 kg/m2). Another interesting finding is that female patients were
more likely to have increased waist circumference in the current study, which is in line with studies of patients
with schizophrenia (12, 43). Unfortunately, the sample size did not permit investigating the liability to develop
metabolic abnormalities according to the individual antipsychotic drugs.
The current study also has some limitations. First, and most importantly, the current sample of patients with BD
is relatively small. Furthermore, it consisted mainly of patients who were treated with a second-generation
antipsychotic (almost 90%), and may thus not be representative for bipolar patients in general. Second, it is a
cross-sectional study. We intend to follow up this cohort prospectively, in order to assess metabolic changes
during the course of the illness and the function of antipsychotic regimes. Third, we failed to include other
parameters, such as dietary habits, physical activity level and psychopathological profile. Fourth, patient
recruitment was restricted to one site, which could have influenced our results, since large regional differences in
the prevalence of metabolic abnormalities have been reported, at least in the USA (44). Future research should
address these issues more specifically, in large, multi-site samples and with prospective study designs.
In conclusion, our data confirm the high prevalence of metabolic abnormalities, and especially glucose
metabolism disturbances, for a European population of patients with BD. Caregivers should carefully monitor
and treat metabolic abnormalities in these patients.
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