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Introduction: Bipolar disorder (BD) is characterized by recurrent episodes of depression
and mania and affects up to 2% of the population worldwide. Patients suffering from
bipolar disorder have a reduced life expectancy of up to 10 years. The increased mortality
might be due to a higher rate of somatic diseases, especially cardiovascular diseases.
There is however also evidence for an increased rate of diabetes mellitus in BD, but the
reported prevalence rates vary by large.

Material and Methods: 85 bipolar disorder patients were recruited in the framework of
the BiDi study (Prevalence and clinical features of patients with Bipolar Disorder at High
Risk for Type 2 Diabetes (T2D), at prediabetic state and with manifest T2D) in Dresden and
Würzburg. T2D and prediabetes were diagnosed measuring HBA1c and an oral glucose
tolerance test (oGTT), which at present is the gold standard in diagnosing T2D. The BD
sample was compared to an age-, sex- and BMI-matched control population (n = 850)
from the Study of Health in Pomerania cohort (SHIP Trend Cohort).

Results: Patients suffering from BD had a T2D prevalence of 7%, which was not
significantly different from the control group (6%). Fasting glucose and impaired glucose
tolerance were, contrary to our hypothesis, more often pathological in controls than in BD
patients. Nondiabetic and diabetic bipolar patients significantly differed in age, BMI,
number of depressive episodes, and disease duration.

Discussion: When controlled for BMI, in our study there was no significantly increased
rate of T2D in BD. We thus suggest that overweight and obesity might be mediating the
association between BD and diabetes. Underlying causes could be shared risk genes,
medication effects, and lifestyle factors associated with depressive episodes. As the latter
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two can be modified, attention should be paid to weight changes in BD by monitoring and
taking adequate measures to prevent the alarming loss of life years in BD patients.
Keywords: bipolar disorder, diabetes mellitus, prediabetes, affective disorders, metabolic syndrome, glucose
metabolism, obesity, body mass index
INTRODUCTION

Bipolar disorder (BD) is characterized by recurrent episodes of
depression and mania and affects up to 2% of the population
worldwide. Patients suffering from BD have a reduced life
expectancy of 10 years. The increased mortality, besides
mortality caused by suicides, might be due to a higher rate of
somatic diseases, especially cardiovascular diseases (1–7). There
is also evidence that bipolar patients might have a higher risk for
developing diabetes mellitus type II (T2D) (8). However, it
remains unclear if the higher rates of somatic diseases and
especially diabetes mellitus are caused by psychotropic
medication, an unhealthier lifestyle, genetic risk factors,
inflammatory mechanisms or shared pathophysiological
mechanisms, or a combination of those factors. Additionally,
the reported prevalence rates of T2D in BD vary from 6.7 to 26%
in different populations (9–12).

Results from epidemiological studies estimate that the risk for
T2D in bipolar patients is about threefold increased in
comparison to nonpsychiatric populations (13). Conversely, in
cohorts of diabetic patients higher comorbidity with psychiatric
and especially affective disorders can be found (14). One factor
conveying the risk of T2D in BD might be psychotropic
medication, especially second generation antipsychotics (15–
17). But also lithium and valproic acid are known to induce
weight gain and by this could lead to dysregulation in glucose
metabolism (18, 19).

However, dysregulation in glucose metabolism in BD patients
has been described before the use of second generation
antipsychotic medication as well as in drug-naïve patients (20).
Therefore, other factors might also play a role, such as shared
heritability due to shared risk gene variants. However, in a
Japanese sample no association of risk genes of T2D with BD
could be detected (21, 22) which was later confirmed in the
largest GWAS to date. Notably however, there was a nominally
significant correlation of bipolar disorder with body mass index,
and in pathway analyses, genes involved in insulin secretion were
enriched (23). A recent cohort study investigating 10,863 Danish
men reported also an increased rate of T2D in patients with
severe mental illness, which however was more pronounced in
schizophrenia patients (HR = 1.92; 95%CI, 1.61–2.30). A
Swedish study found a much stronger risk increase of
cardiovascular disease in patients with schizophrenia and BD
as compared to T2D risk (24). In an Amish family study, a
positive genetic correlation of BD and T2D was found; however,
this was a very distinct population so it is not clear whether this
holds true to broader population samples (25).

Regarding environmental risk contributing to T2D in BD,
several studies report an unhealthy life style in patients including
g 2
physical inactivity especially in depressive phases (26, 27), higher
alcohol and illegal substance consumption, nicotine dependence
and greater intake of unhealthy food (28–31), and increased rates
of psychological trauma/maltreatment in childhood (32, 33).
Additionally, several endocrine and metabolic pathways could
be playing a role in conveying a greater risk of T2D in BD, such
as dysregulation of different neuropeptides (for example leptin,
ghrel in , and adiponectin) and disturbances in the
hypothalamus–pituitary–adrenal gland axis (34, 35).
Furthermore, inflammatory and immune processes have been
suggested to play a pathophysiological role in T2D as well as BD
(34). In an own previous study, we could find hints for an
increased prevalence of T2D in bipolar patients; however, we did
not include a BMI-, sex- and age-matched control population
(36). As there are inconsistent results regarding the prevalence of
T2D and BD and the causal mechanisms are still unclear, we here
investigated the prevalence of T2D and prediabetes in BD
patients in comparison to an age-, sex- and BMI-matched
control sample from the general population (37).
MATERIAL AND METHODS

Participants
Patients
Bipolar disorder patients were recruited in the framework of the
BiDi study (Prevalence and clinical features of patients with
Bipolar Disorder at High Risk for Type 2 Diabetes (T2D), at
prediabetic state and with manifest T2D). This study was a cross-
sectional study which was conducted as a collaborative study
of the Department of Psychiatry and Psychosomatic Medicine of
the University Hospital of Dresden and the Department of
Psychiatry, Psychosomatic Medicine and Psychotherapy of the
University Hospital of Würzburg. Patients were recruited from
the specialized bipolar clinics in Dresden and Würzburg between
November 2009 and February 2012 and were mainly outpatients.
All participants were diagnosed with a bipolar disorder using
ICD-10 criteria from two independent specialists (SKS/AR and
SH/KL). Inclusion criteria were age >= 18 years, being euthymic
for 2 months [measured by Montgomery–Åsberg Depression
Rating Scale (MADRS), Young Mania Rating Scale (YMRS), and
Clinical Global Impression Scale Bipolar Disorder (CGI-BP S)].
Only euthymic patients were included, which was operationalized
as a score ≤ 12 in the MADRS, ≤5 in the YMRS, and ≤2 in the
CGI-BP Score. Medication had to be stable for at least 2 months.
Exclusion criteria were organic affective disorder, acute or severe
medical conditions (like acute and chronic infections, digestive
diseases, carcinomas), pregnant and lactating women.
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Diabetes mellitus type II (T2D) was diagnosed using the
criteria of the American Diabetes Association (ADA) (38) for
T2D which are:

- HbA1c ≥ 6.5%

- or fasting glucose ≥ 126 mg/dl (7.0 mmol/L)

- or 2 h plasma glucose ≥ 200 mg/dl (11.1 mmol/L) in the oral
glucose tolerance test (oGTT)

- or glucose level at a random time point ≥ 200 mg/dl (11.1
mmol/l) and other symptoms of a diabetes mellitus

Prediabetes was also diagnosed following the criteria of the
American Diabetes Association (ADA) (38) which are:

- Impaired fasting glucose (IFG): 100–125 mg/dl (5.6–6.9
mmol/L)

- Impaired 2 h plasma glucose (IGT) in the oGTT: 140–199
mg/dl (7.8–11.0 mmol/L)

- HbA1c values between 5.7 and 6. 4%

Only study participants who gave written informed consent
were enrolled in the study, which complied with the latest
Declaration of Helsinki and was approved by the Ethics
Committees of the Universities of Würzburg and Dresden.

Healthy Comparison Group: Study of Health in
Pomerania
As a mentally healthy comparison group, data from the Study of
Health in Pomerania (SHIP study) were used (37, 39, 40). SHIP is
a general population cohort study in Northeastern Germany that
includes two independent cohorts. The baseline assessment of the
first cohort (SHIP-0) was conducted between 1997 and 2001;
4,308 adults were included. Follow-up assessments were
conducted between 2002 and 2006 (SHIP-1) and from 2007 to
2012 (SHIP-2). In parallel to the SHIP-2 recruitments, a second,
independent cohort was selected in 2008 with 8,016 adults (SHIP-
Trend). From this cohort, 4,420 adults were recruited for the basic
assessment between 2008 and 2012. Inclusion criteria were age
between 20 and 79, German nationality, and living in the
Northeastern region. SHIP is an epidemiological study and had
the primary aim to investigate the prevalence and incidence of
population relevant diseases and risk factors for those diseases. By
the comparison of two cross-sectional studies, (SHIP-0 and SHIP-
Trend), prevalence trends of risk factors and diseases in
Northeastern Germany were evaluated. To diagnose a diabetes
mellitus, in the SHIP Trend cohort the oGTT was conducted
[182]. From the SHIP Trend cohort, an age-, sex-, and BMI-
matched sample consisting of 850 patients was selected.
Demographic and Phenotypic Data
Ethnical information, marriage status, psychosocial situation,
age, and number of children were assessed in the bipolar
group. Additionally, age of onset, polarity of first episode,
number of episodes, rapid cycling, suicide attempts, and
number of hospitalizations were recorded. Furthermore,
current medication was assessed as well as information about
Frontiers in Psychiatry | www.frontiersin.org 3
alcohol and illegal drug use. Weight and height BMI and waist–
hip ratio as well as blood pressure were measured. The
demographic and phenotypic data are displayed in Tables 1–6.
27% (n = 23) of the bipolar patients fulfilled the NCEP ATP III
criteria of a metabolic syndrome (MetS) (Table 5).

Oral Glucose Tolerance Test
The oral glucose tolerance test (oGTT) is a standardized test and
validated diagnostic instrument in the clinical routine to verify the
diagnosis of a diabetes mellitus and an impaired glucose tolerance
(IGT) (38). The test was conducted following the WHO guidelines
(38). Three days before the test, the patients refrained from their
usual diet. 10 h before the test patients fasted (including food,
alcohol, coffee, and increased activity). The oGTT was conducted
between 8 and 11 am, and the patients did not take their medication
directly before the test. The oGTT was not conducted three days
before, during or 3 days after the menstrual bleeding. Venous blood
was taken, and plasma glucose, insulin, and lipid levels were
measured at fasting baseline. After that the patients ingested 75 g
glucose dissolved in 300 ml water (Roche Dextro OGT, Basel,
Switzerland). They were instructed to drink it in 5 min. After 120
min venous blood was drawn for the second time. Glucose was
measured from the venous plasma collected in a fluoride tube which
inhibits glycolysis. HBA1c was measured from blood collected in an
EDTA tube, and lipids were measured from blood in serum tubes
(total cholesterol, high-density cholesterol, low-density cholesterol,
triglycerides). The analyses were conducted in the central clinical
routine laboratories of the University Hospitals of Dresden
and Würzburg.

Questionnaires
SF-12
The patients were evaluated regarding their health-related quality
of life by using the SF-12 questionnaire. This is a short form of the
SF-36-health questionnaire and includes eight dimensions (body
functioning, bodily role function, pain, general assessment of
health, vitality, social functioning, emotional role function,
mental well-being) to measure the cross-disorder health-related
quality of life during the past 4 weeks (41).

WHO-5
WHO-5 is a questionnaire for evaluating well-being. There are
five questions that cover the dimensions mood, vitality and
general interest during the past 2 weeks. A Likert scale is used
TABLE 1 | Demographic data.

Bipolar sample SHIP Trend control
sample

n % n %

85 850
Caucasian ethnicity 79 93 N/A
Sex female:male 37:48 44 vs. 66 370:480 44 vs. 66
Age (years) 44.72 +/−12.63 SD 46.50 ± 11.87 SD
April 2020 |
 Volume 11
Patients were matched 1:10 to controls regarding age, sex, and BMI. N, number; SD,
standard deviation; N/A, not available.
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from 0 (= never) to 5 (= always) and a sum score can be
calculated with values between 0 and 25 (42). The WHO-5-
questionnaire is recommended as a screening instrument for
depression for example in patients with T1D and T2D (43).

Finnish Diabetes Risk Score Questionnaire
The Finnish Diabetes Risk Score Questionnaire (FINDRISC) was
developed as a risk assessment to effectively prevent T2D in
Finland (44). To use this instrument in Germany, a modified
version (due to different life styles and eating habits) was
developed (FINDRISK). Age, family history of diabetes
mellitus, waist circumference, activity level, eating habits,
arterial hypertension, increased blood glucose levels in the past,
and body mass index are assessed. The sum score is 0 to 26 (45).

Montgomery–Åsberg Depression Rating Scale
(MADRS)
The MADRS is a structured interview for the quantitative
assessment of depressive symptoms severity. The maximum
sum score is 60. It can be conducted evaluating the last 24 h or
the last week (46).

Young Mania Rating Scale
The YMRS is a structured interview for the quantitative
assessment of manic symptom severity during the last 48 h (47).

Clinical Global Impressions Scale for Bipolar
Disorder
The CGI-BP is a scale to assess the clinical severity in bipolar
affective disorder. The scale combines separate items for mania,
depression and global impression of the bipolar patient. The
severity of the disorder can be scored from 1 (not ill) to 7
(severely ill) (48).

Statistical Analysis
Prevalence of T2D and prediabetes in the SHIP-Trend- and
BiDi-samples as well as the results of the questionnaires and
TABLE 2 | Clinical phenotype bipolar patients.

Clinical Phenotype Mean (SD)

Age at onset (years) 28.16 (±11.00)
Duration of disease (years) 16.60 (±10.71)
Number of hospital stays 4.12 (±4.48)
Number of episodes 14.61 (±13.48)
Number of depressed episodes 8.02 (±7.77)
Number of manic episoded 3.51 (±4.67)
Number of hypomanic episodes 4.06 (±5.88)
Rapid cycling (yes) N23
Suicidal attempt (yes) 25
Medication
Lithium 54
Carbamazepine 6
Oxcarbazepine 1
Lamotrigine 7
Valproate 20
Escitalopram 3
Paroxetine 1
Sertraline 2
Duloxetine 2
Venlafaxine 16
Reboxetine 1
Clomipramine 1
Doxepine 3
Trimipramine 1
Mirtazapine 2
Tranylcypromine 3
Agomelatine 3
Bupropion 2
Melperone 1
Amisulpride 1
Aripiprazole 7
Clozapine 3
Olanzapine 5
Quetiapine 30
Risperidone 3
Ziprasidone 1
Lorazepam 1
Bipolar Subtype (I vs. II) 68:17
Comorbid disorders
Alcohol use disorder 5
Obsessive-compulsive disorder 2
ADHD 2
Nicotine use 28
Illegal drug use 2
Bulimia nervosa 1
Dissociative disorder 1
Dependent Personality Disorder 1
Marital status
Married 51
Single 24
Divorced 10
Education
9 years of schooling 2
13 years of schooling 3
Specialized job 53
College 9
University 17
Current work status
Freelancer 4
Employed 30
Unemployed 9
Retired 31
Other 11
SD, standard deviation; N, number; ADHD, attention-deficit-/hyperactivity disorder.
TABLE 3 | Anthropometric data.

Anthropometric data Bipolar sample SHIP Trend control
sample

Mean (SD) Mean (SD)

Weight (kg) 85.03 (±16.78) N/A
Height (cm) 170.85 (±8.67)
BMI, kg/m² 29.15 (±5.60) 28.61 (±3.94)
Waist circumference (cm) 100.66 (±16.00) N/A
Hip circumference (cm) 109.76 (±19.15)
WHR 0.91 (±0.11)
Systolic blood pressure,
mmHg

125.22 (±14.96)

Diastolic Blood pressure,
mmHg

78.24 (±11.26)
April 2020
N, number; SD, standard deviation; BMI, body mass index; WHR, waist–hip-ratio; N/A,
not available.
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anthropometric measurements were assessed by descriptive
statistics using SPSS (IBM® SPSS® Statistics 20). Data were
tested for normal distribution and differences between groups
were tested by c²-test and t-test. Furthermore, we investigated
the correlation of metabolic parameters with the number of
disease episode in the bipolar patients by Pearson’s correlation
test. Additionally, as a secondary analysis, a multivariate analysis
was calculated to investigate differences in the multiple variates
between the nondiabetic and (pre-)diabetic bipolar groups
(MANOVA). The level of significance was set at p =< 0.05.
Frontiers in Psychiatry | www.frontiersin.org 5
RESULTS

Prevalence of Diabetes Mellitus Type II
and Prediabetes in Patients Suffering From
BD vs. General Population
We diagnosed T2D and prediabetes by using the oGTT results and
the HbA1c-value (according to ADA-criteria) (38). In the patient
sample, 7% of the patients fulfilled the diagnostic criteria of T2D. In
two of those cases, T2D had already been diagnosed before. In the
TABLE 5 | Glucose and lipid metabolism data.

Blood results Bipolar sample SHIP Trend
control sample

p-
value

Mean (SD) Mean (SD)

number of
patients

number of
patients

Fasting plasma glucose
(mmol/l)

4.96 (±0.80),
n = 85

5.52 (±0.8),
n = 850

<0.001

Plasma glucose after 120 min
(mmol/l)

5.37 (±2.01),
n = 83

6.39 (±2.2),
n = 850

<0.001

HbA1c, % 5.42 (±0.44),
n = 85

5.20 (±0.6),
n = 850

<0.001

Fasting Insulin (pmol/l) 87.6 (±98.3),
n = 83

N/A

Insulin after 120 min (pmol/l) 290.0 (±362.0),
n = 80

Triglycerides (mmol/l) 1.6 (±1.0),
n = 79

Cholesterol, mmol/l 5.3 (±1.3),
n = 79

HDL (mmol/l) 1.4 (±0.4),
n = 79

LDL (mmol/l) 3.2 (±1.0),
n = 79
N, number; SD, standard deviation; HDL, high density lipoprotein; LDL, low density
lipoprotein; differences between bipolar and control patients were analyzed by t-test; level
of significance was set at p < 0.05; significant p-values are shown in bold.
TABLE 6 | Comparison (pre-)diabetic and diabetic bipolar patients.

Parameter Bipolar patients with
T2D/pre-diabetes

(SD), n = 34

Bipolar patients w/o
diabetes/pre-diabetes

(SD), n = 51

p-
value

Ages (years) 48.82 (±11.99) 41.98 (±12.41) 0.013
Sex f:m 13:21 24:27 0.422
BMI, kg/m² 31.08 (±6.27) 27.87 (±4.75) 0.014
Waist
circumference

104.85 (±15.33) 97.86 (±15.96) 0.046

Wait–hip-ratio 0.92 (±0.09) 0.907 (±0.10) 0.45
Metabolic
syndrome

13 (38%) 10 (20%) 0.058

Marital status
Single 11(32%) 13 (25%) 0.491
Married 21(62%) 30 (59%) 0.786
Divorced 2 (6%) 8 (16%) 0.169
Current work
status
Employed/
freelancer

11 (32%) 24 (47%) 0.14

Pensioned 17 (50%) 14 (27%)
Unemployed 3 (9%) 6 (12%)
Other 3 (9%) 7 (14%)
Age of onset 28.91 (±10.49) 27.67 (±11.40) 0.61
Disease
duration

20.0 (±11.14) 14.33 (±9.89) 0.019

Number of
depressive
episodes

10.91 (±9.10) 6.10 (±6.11) 0.01

Number of
manic episodes

3.18 (±4.32) 3.31 (±4.90) 0.83

Number of
hypomanic
episodes

3.18 (±4.95) 2.22 (±5.20) 0.40

Number of
mixed episodes

0.65 (±0.88) 0.67(±1.66) 0.95

Total number of
episodes

17.91 (±14.33) 12.24 (±12.26) 0.054

Episodes per
disorder year

0.9 0.85 0.485

Rapid Cycling 12 (35%) 11 (22%) 0.163
Sucidal
attempts

9 (26%) 16 (31%) 0.627

Number of
hospitalizations

4.03 (±3.49) 4.18 (±5.06) 0.883

FINDRISK-
Score

10.91 (±4.98) 7.69 (±4.02) 0.003

WHO-5 Score 13.53 (±5.97) 14.65 (±5.00) 0.353
SF-12 Score 30.09 (±3.97) 31.33 (±2.21) 0.067
Ap
ril 2020 | Volume 11 | Artic
N, number; SD, standard deviation; differences between diabetic and nondiabetic bipolar
patients were calculated by t-test or c2 test, respectively. Level of significance was set at p
< 0.05. Significant p-values are marked in bold.
TABLE 4 | T2D and pre-diabetes in bipolar patients and controls.

Bipolar
sample

SHIP Trendcontrol
sample

p-
value

Total sample
n = 85

Total sample
n = 850

n (%) n (%)

T2D 6 (7%) 54 (6%) 0.8
Prediabetes (all
forms)

28 (33%) 377 (44%) 0.043

- IGT 5 (18%) 111 (29%) 0.03
- IFG 8 (29%) 301 (80%) 0.001
- HbA1c: 5.7–6. 4% 18 (64%) 105 (28%) 0.001
N, number; T2D, diabetes mellitus type II; IGT, impaired glucose tolerance; IFT, impaired
fasting glucose; differences between bipolar and control patients were analyzed by t-test.
Level of significance was set at p-value p < 0.05; significant p-values are displayed in bold.
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SHIP Trend control cohort, 6% of the control participants fulfilled
the diagnostic criteria of T2D. The difference in T2D prevalence
between BiDi and SHIP-Trend control group was not statistically
significant (c2 = 0.064, p = 0.8) (Table 4, Figures 1A, B).

Prediabetes could be diagnosed in 33% of the bipolar patients
vs. 44% of the controls. In 18% of the prediabetic bipolar patients,
impaired glucose tolerance (IGT) could be determined vs. 29% of
the controls. 29% of the bipolar prediabetic patients had an
impaired fasting glucose (IFG) vs. 80% of the prediabetic
controls. 64% of the prediabetic bipolar patients showed an
HbA1c value in the prediabetic range vs. 28% of the
prediabetic controls. In 14% of the control individuals, IFG
and IGT occurred simultaneously. 10% of the control
participants had an increased HbA1c and IFG, whereas 2%
had an increased HbA1c value and IGT. In 5% of the control
population, all parameters were in the prediabetic range.
Furthermore, IGT and an increased HbA1c value were found
in7% of the control participants. 4% had IFG and an increased
HbA1c value (Table 4, Figures 1A, B). None of the participants
showed both IGT and IFG. Prediabetes was significantly more
common in the control group in comparison to the bipolar
sample (c2 = 4.106, p = 0.043).

Comparison of the fasting glucose levels of both groups
showed that BD patients had significantly lower glucose levels
than control participants [t(933) = 6.395, p = <0.001, see Table
5]. Additionally, blood glucose levels after 120 min in the oGTT
were significantly lower in BD patients than in control
participants [t(931) = 4.056, p = <0.001, see Table 5].
However, HbA1c values of the bipolar sample were
significantly higher in comparison to the SHIP Trend control
population [t(933) = −3.234, p = <0.001).

Here, the rates of diabetes mellitus type II (T2D) and
prediabetic conditions (IGT, impaired glucose tolerance; IFG,
Frontiers in Psychiatry | www.frontiersin.org 6
impaired fasting glucose) as well as HbA1c values are displayed in
a Venn diagram for the bipolar sample (BiDi) and the age-, sex-
and BMI-matched sample from the general population (SHIP).

Comparison of the Prediabetic/Diabetic
BD Patients vs. Nondiabetic Bipolar
Patients
To investigate the risk factors for diabetes in the sample of
bipolar patients, we compared the prediabetic and diabetic
bipolar patients with the nondiabetic bipolar patients. The
prediabetic/diabetic bipolar patients were significantly older
and had a significantly longer disease duration, had a
significantly higher BMI and waist circumference in
comparison to the nondiabetic bipolar patients (Table 5).
Furthermore, they have had suffered from a higher number of
depressive episodes and had significantly higher scores in the
FINDRISK. The other variables were not significantly different
between the groups (Table 6). Additionally, there was no
significant difference in the medication between the diabetic
and nondiabetic bipolar groups (lithium carbonate: c² = 1,430,
p = 0.232; valproate: c² = 2.452, p = 0.117; quetiapine: c² = 0.859,
p = 0.354). There was also no difference in the distribution
between patients taking olanzapine and clozapine as drugs with a
potential high metabolic risk and patients taking aripiprazole as a
drug with a potential protective effect against diabetes between
the nondiabetic and the (pre-)diabetic group (c² = 1,122, p =
0.571). Furthermore, there was a significant positive correlation
between the blood glucose levels, HbA1c and BMI, and the
number of depressive episodes, but not manic or mixed episodes
(see Table 7). We additionally conducted a multivariate analysis
(MANOVA) to investigate group differences between the
nondiabetic and the (pre-)diabetic group. We were taking age,
BMI, disease duration, and number of depressive episodes into
A B

FIGURE 1 | (A, B) T2D and prediabetes rates in bipolar patients and controls.
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account as covariates. All those variates (age, BMI, number of
episodes, disease duration) remained significantly different
between the bipolar groups in the multivariate analysis (p =
0.006 and between subject effects were for age p = 0.013, for BMI
p = 0.009, for depressive episodes p = 0.004 and for disease
duration p = 0.016, respectively).
DISCUSSION

In our study, we could not find an increased rate of T2D in
bipolar patients in comparison to age-, sex- and BMI-matched
controls. These findings are in contrast to previous studies
reporting increased prevalence of T2D in bipolar patients (9–
12). When we restricted the analysis of our data to nonmatched
controls and used the older (2006) instead of the newer ADA-
criteria (49), our previously published report also suggested an
increased rate of diabetes and prediabetes in BD in line with
previous studies (36). However, when comparing the parameters
directly to an age-, sex- and BMI-matched matched control
population, we could no longer find any difference in T2D rates
and even lower rates of prediabetes and lower levels of fasting
glucose as well as oGTT values in BD. Only the HbA1c values
were significantly higher in our bipolar sample compared to the
SHIP-Trend general population sample although the effect size
was rather small (Cohen’s d = 0.037).

Our main finding, i.e. that the rate of T2D in BD is not
increased, in comparison to a general population sample might
well be due to the fact that we used age-, sex- and BMI-matched
controls. Obesity is a major risk factor for T2D (50) and is also
positively associated with BD (OR = 1.77, 95% CI: 1.40–2.23; Q =
44.62, P < 0.001) (51, 52). Therefore, we speculate that the
increased risk for T2D in other studies might be a consequence of
significantly increased rates of obesity in the BD compared to the
general population. In comparison with another German general
population study [Studie zur Gesundheit Erwachsener in
Deutschland (DEGS1, 2008–2011)] our BiDi group with a
mean BMI of 29.15 had a significantly higher BMI as the age-
stratified controls (53). In the DEGS1 cohort, 67% of the men
and 53% of the females in the same age range as our BiDi sample
Frontiers in Psychiatry | www.frontiersin.org 7
had a BMI >= 25. In our BiDi sample, 78% of the participants
had a BMI > 25. Taken together, we propose that overweight and
obesity might be the mediating factors between BD and T2D, and
that the risk for T2D in BD in comparison to the general
population may not be increased in BD as such but rather the
risk towards obesity. A previous Italian study and a follow-up
study could also show that abdominal obesity as a major factor of
the metabolic syndrome was associated with a higher rate of T2D
in bipolar patients (54, 55). The higher rate of obesity can be due
to either lifestyle factors (food pattern, sedentary lifestyle),
medicat ion influence (especia l ly second-generat ion
antipsychotics such as olanzapine and quetiapine) (56) as well
as shared risk genes for BD and BMI (57). However, as a limiting
factor in our study, we did not include other factors that,
especially in men, have shown to increase the risk of T2D like
smoking and arterial hypertension (58, 59). In our sample, there
was however no significant difference between the types of mood
stabilizing medication in the diabetic vs. the nondiabetic group.
But then, also valproate and lithium can lead to weight gain and
not only atypical antipsychotics (19, 60). Also, our sample size in
the medication subgroups was too small to make definite
conclusions hereon. Interestingly, in a multivariate analysis
comparing the nondiabetic and (pre-)diabetic bipolar groups,
disease duration and number of depressive episodes, as well as
BMI and age, remained statistically significant between the
groups. Furthermore, metabolic parameters were significantly
correlated with the number of depressed episodes. There are
previous studies that suggest that comorbid insulin resistance,
diabetes mellitus type II, and an increased BMI might lead to a
more severe course in bipolar patients (61–63). From our data,
we might conclude that increased BMI is the major contributor
to an increased risk for T2D in BD in comparison to the general
population; however, disease duration and depressive polarity
might add to the risk of developing T2D in BD patients.
However, as our study was a cross-sectional and not a
longitudinal study, we cannot confirm the direction of the
association of impaired metabolic parameters and a more
severe course. Diagnosing and monitoring of overweight and
prediabetes and T2DM in BD are furthermore of importance as
there is growing evidence that impaired glucose metabolism and
TABLE 7 | Correlation of metabolic parameters with disorder severity.

Fasting plasma
glucose (mmol/l)

Plasma glucose
after 120 min (mmol/l)

HbA1c, % BMI, kg/m2

Number of depressed episodes Pearson Correlation ,245* 0.212 ,428** ,306**
Sig. (2-tailed) 0.024 0.051 0.0001 0.004

Number of manic episodes Pearson Correlation 0.052 0.078 0.147 0.163
Sig. (2-tailed) 0.634 0.476 0.180 0.137

Number of hypomanic episodes Pearson Correlation 0.059 0.014 0.177 0.059
Sig. (2-tailed) 0.593 0.896 0.107 0.595

Number of mixed episodes Pearson Correlation 0.022 0.095 −0.015 ,240*
Sig. (2-tailed) 0.842 0.387 0.894 0.027

Number of all episodes Pearson Correlation 0.185 0.167 ,368** ,284**
Sig. (2-tailed) 0.090 0.128 0.001 0.008

Disease duration Pearson Correlation ,323** 0.170 ,433** ,243*
Sig. (2-tailed) 0.003 0.119 0.0001 0.025
Apr
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Pearson’s correlation test was conducted. **. Correlation is significant at the 0.01 level (2-tailed). *. Correlation is significant at the 0.05 level (2-tailed). Level of significance was set at p =
0.05, significant p-values are shown in bold. Number of bipolar patients included in the analysis was 85.
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T2D might lead to worse response to treatment with mood
stabilizers (64).

As being overweight is a modifiable risk state, special
emphasis should be paid to lifestyle modification in BD
patients to avoid detrimental general health outcomes
including T2D. Unhealthy lifestyle that increases the risk of
obesity seems more to be an issue of depressive episodes than
manic episodes supposedly due to lack of activity and unhealthy
eating patterns. However, as we did not assess information about
activity and diet in association with mood episodes, we only can
speculate about this. In a pilot study investigating the
effectiveness of lifestyle interventions to reduce glucometabolic
risks in BD, there were positive preliminary results (65). Several
associations and societies recommend metabolic monitoring in
patients taking second-generation antipsychotic drugs; however
this is not yet implemented fully in clinical routine (38, 66). We
here strongly recommend routing monitoring of at least
noninvasive anthropometric measures such as BMI and WHR to
detect weight increase early on and to take appropriate measures.

Several previous studies have pointed towards an increased
prevalence of T2D in BD. For example, Cassidy and colleagues
reported a prevalence of T2D in bipolar patients of 9.9% which
was significantly higher than the 3.4% diabetes mellitus rate in
the control population in their study (12). Lilliker et al. described
that 10% of BD patients suffer from diabetes as compared to 2%
in their non-bipolar sample (9). Regenold et al. found the T2D
prevalence as high as 26% in bipolar-I patients, compared to 13%
in the control population (11). In a Belgium sample, diabetes was
prevalent in 6.7% of the bipolar group which was twice as often
as in the age-matched control group (10). The main reason for
the wide range of prevalence rates in bipolar sample between
6.7%, which is similar to our sample, and 26% most likely lies in
the different mean age of the various samples. Age is a validated
risk factor of T2D, the higher the age, the higher the prevalence
of T2D, especially from the age of 50 years on (67). The lowest
prevalence rates were accordingly found in the samples with
lower mean age, as it was the case in our sample with 7% T2D
prevalence with a mean age of 44.7 years. The bipolar sample
from Belgium with a 6.7% T2D included bipolar patients with a
mean age of 42.1 years, and the sample of Cassidy et al., with a
prevalence of 9.9%, had a mean age of 45.3 years (10, 12). In line
with this, patients suffering from both BD and T2D in our
sample also were significantly older than the nondiabetic bipolar
patients. Another reason for differing T2D prevalence might be
due to diagnostic and assessment procedures. The majority of
studies used information based on the hospital medical records
(9, 11, 12), only van Winkel and colleagues validated the
diagnosis by using the oGTT, as done in our study (10). Due
to the large number of undiagnosed T2D cases in the general
population, prevalence rates that only rely on self-report or
medical records might be too low. The Kora F4 Survey showed
a prevalence of previously undiagnosed T2D of 2.0% in addition
to the already known T2D of 2.2% in the general population aged
between 35 and 59 years using the oGTT (68). Also other studies
estimate about 50% existing but undiagnosed T2D cases in the
general population worldwide (69).
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Another notable difference between our and the other studies is
that we enrolled only euthymic patients. In contrast to Regenold
et al., vanWinkel et al., and Lilliker et al., we only included patients
who were euthymic and on stable medication for at least 2 months,
as the metabolic status might be influenced in acute episodes.

A systematic review and meta-analysis investigating the
prevalence of diabetes mellitus in BD, schizophrenia, and
major depression reported a mean T2D prevalence of 9.4% in
BD (70). In comparison to age- and sex-adjusted control
population, this was a relative risk of 1.89 in patients with BD
(n = 54,688; 95% confidence interval: 1.29–2.77, p < 0.001). The
authors of this review came to the conclusion that there were also
quite large geographical differences in T2D prevalence in the
general population which need to be taken into account when
comparing bipolar patients and the general population (70). In
our sample, there were controls mainly from the northeastern
part of Germany compared to a mainly southern sample of
bipolar patients. However, the diabetes mellitus prevalence
between north and south of Germany has shown to be very
similar in the recent years (71).

In conclusion, we could not find an increased prevalence of
prediabetes and T2D in BD when an age-, sex- and BMI-
matched control sample is used in comparison. Comparing
diabetic and nondiabetic bipolar patients, we could identify
disease duration and more depressive episodes as potential risk
factors for developing T2D or potentially strengthen previous
findings of comorbid (pre-)diabetes mellitus as risk factor for a
more severe course of the disorder. The direction of interaction
we could not determine due to the cross-sectional character of
our study. The FINDRISK score was significantly higher in the
prediabetic and T2D bipolar patients which strengthens the
validity for a screening tool also in patient populations. We
hypothesize that obesity might be mediating the previously
reported increased T2DM prevalence in BD in comparison to
the general population, and medication side effects might
contribute to this as well as a longer duration of the disorder
and depressive polarity. However, due to the small number of
patients in the subgroups, we could not determine differential
effects of the different mood stabilizing drugs. Adequate weight
and metabolic monitoring and intervention may lead to
improved outcomes in this patient group, which is especially
important given the reduced life expectancy of patients with BD
due to somatic disorders (7).
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