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ABSTRACT

Objective: This systematic review and meta-analysis assessed the
prevalence and predictors of type 2 diabetes mellitus (T2DM) in
people with bipolar disorder. We also compared the prevalence
of T2DM in people with bipolar disorder versus age- and gender-
matched healthy controls.

Data Sources: PubMed, EMBASE, PsycARTICLES, and CINAHL

were searched from inception till October 23, 2014 using the
medical subject headings terms bipolar disorder AND diabetes OR
glucose. There was no language restriction. Observational studies
including retrospective, cross-sectional, and prospective designs
were eligible if they included participants with bipolar disorder
diagnosed according to recognized diagnostic criteria (DSM or ICD).

Study Selection: Nineteen studies were included (n=18,060;
54.8% male).

Data Extraction: Two independent authors extracted data in
accordance with the meta-analysis of observational studies in
epidemiology guidelines and PRISMA statement. A random effects
meta-analysis was utilized.

Results: The overall prevalence of T2DM was 9.4% (95% Cl,
6.5%-12.7%). Compared with age- and gender-matched controls
(n=783,049; 48.7% male), people with bipolar disorder (n=6,595;
48.6% male) had double the risk of T2DM (relative risk=1.98; 95%
Cl, 1.6-2.4, P<.001). No significant moderators were found. In an
exploratory regression analysis, the variance in T2DM prevalence
in the background population was associated with the variance
in T2DM prevalence in people with bipolar disorder (5 studies,
n=4,983) (r?=0.85, t=4.09, P=.03).

Conclusions: T2DM is significantly more common in people with
bipolar disorder than in healthy controls of similar age and sex. The
current meta-analysis furthermore indicates that changes in food,
built, and social environments are needed in order to curb the
diabetes epidemic in this high-risk population.
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Increased rates of cardiovascular diseases (CVDs)"? and
associated premature mortality® have recently become a
major concern in people with bipolar disorder. Underlying
reasons for the development of CVD in those with
bipolar disorder are complex and consist of genetic risk,*
cardiometabolic side effects of psychotropic treatment,® and
an unhealthy lifestyle. Unhealthy lifestyle factors include a
sedentary lifestyle,® high prevalence of smoking,” and high
rates of alcohol abuse.® To compound this, patients with
bipolar disorder experience inequalities in the provision of
medical health care.>!°

Type 2 diabetes mellitus (T2DM) is an established risk
factor for CVD. It confers approximately a 2-fold excess
risk for coronary heart disease, major stroke subtypes,
and deaths attributed to other vascular causes.!! With its
increasing prevalence in the general population,'? T2DM
now rivals other important risk factors for CVD such as
physical inactivity, cigarette smoking, hypertension, and lipid
abnormalities.!® Because of the cardiovascular complications
of T2DM, its prevention and treatment demand careful
consideration in clinical practice, particularly in populations
with an increased risk for CVD and associated premature
mortality, such as people with bipolar disorder.!* Yet screening
for cardiometabolic risk is suboptimal in patients with severe
mental illness, even when compared to those with diabetes
itself.1

To our knowledge, only one narrative review'¢ has
investigated, almost one decade ago, T2DM prevalence in
people with bipolar disorder. This review!'® demonstrated a
heightened risk of T2DM rates in people with bipolar disorder
compared with the general population. The authors!'® did
not, however, look at possible moderators (eg, mood states,
psychotropic medication use, duration of illness) for this
increased risk. A meta-analysis comparing T2DM estimates in
people with bipolar disorder is also lacking. A meta-analysis
pooling the relative risk for T2DM in people with bipolar
disorder will provide rigorous up-to-date risk profile evidence
to researchers, health care professionals, and decision makers.
It is also a clinical imperative to understand whether the
T2DM risk profile is the same depending on gender, age,
illness duration, diagnostic subgroup, and educational level
since it may help clinicians to detect high-risk subgroups that
require screening and treatment. Similarly, it remains unclear
whether T2DM estimates in people with bipolar disorder
differ between treatment settings and medication regimens.

For reprints or permissions, contact permissions@psychiatrist.com. ¢ © 2015 Copyright Physicians Postgraduate Press, Inc.

1490 @ PSYCHIATRIST.COM

J Clin Psychiatry 76:11, November 2015



Given the uneertainties outlinedabove, we conducted a
systematic review and meta-analysis aiming to clarify the
prevalence of T2DM in people with bipolar disorder, taking
into account variations in geographical region, gender,
age, illness duration, education level, treatment setting,
medication use, diabetes assessment method, and diagnostic
subgroups. Our secondary aim was to evaluate studies
comparing the prevalence of T2DM in people with bipolar
disorder and age- and gender-matched comparison controls.

METHOD

This systematic review was conducted in accordance with
the Meta-analysis of Observational Studies in Epidemiology
(MOOSE) guidelines'” and reported in accordance with
the PRISMA statement'® following a predetermined but
unpublished protocol.

Inclusion and Exclusion Criteria

Observational studies including retrospective, cross-
sectional, and prospective designs were eligible if they
included participants with bipolar disorder diagnosed
according to recognized (clinician-based) diagnostic criteria
(DSM or ICD). We included comparative studies (those
with a control group) and noncomparative studies without
a control group. When we encountered studies containing
groups of mixed participants (eg, psychotic disorders) or
studies lacking data on age and gender, we contacted the
authors up to 2 times over a 4-week period to ascertain
the variables of interest in the group of people with bipolar
disorder. If the data were not available, the study was
excluded. We did not place any restriction on the method of
T2DM assessment or language restriction upon our searches.
If we encountered studies that reported data from the same
sample at different time points, we used the data with the
most rigorous diabetes assessment method (eg, American
Diabetes Association criteria). We excluded (1) studies that
had insufficient data for extraction of T2DM proportions;
(2) studies that were restricted to participants with known
CVD, which may cause selection bias; and (3) conference
abstracts, case reports, and reviews.

Search Strategy

Two reviewers (D.V., B.S.) independently conducted
searches on PubMed, EMBASE (major focus strategy),
PsycARTICLES, and CINAHL from inception until October
23, 2014 using the medical subject heading terms bipolar
disorder AND diabetes OR glucose. In addition, the reference
lists of all eligible articles and reviews of the literature were
screened to assess eligibility of additional studies.

Study Selection

After removal of duplicates, 2 independent reviewers
screened the titles and abstracts of all potentially eligible
articles. Both authors applied the eligibility criteria, and a list
of full-text articles was developed through consensus. The
2 reviewers then considered the full texts of these articles,

Diabetes in Bipolar Disorder

B Arigorous up-to-date risk profile for diabetes in people
with bipolar disorder is currently lacking.

B |n patients with diabetes, fasting blood glucose and
hemoglobin A;. should be measured approximately every
3 to 6 months.

and a final list of included articles was reached through
consensus.

Data Extraction

Two authors independently conducted data extraction
using a predetermined format. The data collected from
each article included study design (retrospective cohort or
not); geographic location (Europe, Asia, North America,
South America, Africa, Australia, and New Zealand);
bipolar disorder and control sample characteristics, if
available (number, percentage of male subjects, percentage
of white subjects, mean age, smoking rates, illness duration);
bipolar diagnosis method (DSM or ICD); bipolar subgroup
characteristics (bipolar I disorder, bipolar II disorder, or
mixed/unspecified); psychotropic medication (individual
prescribed antipsychotics, antidepressants, mood stabilizers,
lithium, if monotherapy); method of T2DM assessment (self-
report, databases/files/claims, antidiabetic medication use,
or international criteria); and the prevalence of diabetes in
people with bipolar disorder and in controls.

Methodological Quality Assessment

Two independent authors completed methodological
quality assessment of included articles using the Newcastle
Ottawa Scale (NOS).!” Studies without a control group
were considered as case-control studies for the purposes
of methodological assessment in accordance with previous
reviews.?*?! The NOS"? is utilized to assess the methodological
quality of nonrandomized trials and has acceptable validity
and reliability. The assessment tool focuses on 3 main
methodological features: (1) the selection of the groups, (2)
the comparability of the groups, and (3) the ascertainment
of the outcome of interest. The NOS can be modified, and
we adapted the NOS" to take into account age and gender as
comparability measure and considered diabetes assessment
in the exposure category. A diagnosis based on international
criteria, eg, the American Diabetes Association criteria®?
or World Health Organization criteria,”® was considered
as the most objective. Studies are given a score from 0 to 9,
with a score of 5 or greater being indicative of satisfactory
methodological quality. We anticipated studies without a
control group would score below this value and present their
results with due consideration.

Statistical Analyses

We pooled individual study data using DerSimonian-Laird
proportion method.?* Our predetermined protocol stipulated
that heterogeneity would be assessed with the Cochran Q
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Figure 1. Flow Diagram for the Search Strategy

1,737 Records identified through database searching
929 PubMed

589 PsycARTICLES
137 CINAHL
82 Embase (major focus)

0 Additional records identified
through other sources

\4 v

55 Records screened after duplicates
and irrelevant papers were removed

17 Records excluded on title abstract level
Reasons:
7 Conference abstract

v

5 Incidence rates

3 Review

1 Limited to children and adolescents
1 Overlap with other studies

A\ 4

38 Full-text articles assessed
for eligibility

19 Full texts excluded with reasons
Reasons:
6 No DSM or ICD diagnosis

\ 4

v

6 No prevalence rates reported

3 Overlap with other studies

3 Only patients with risk factors included and no comparison group
1 No demographic data obtained

19 Full-text articles included
in the meta-analysis

statistic. To reduce the heterogeneity, wherever possible, male
and female participants and diagnostic subgroups (bipolar
I or IT disorder or bipolar disorder mixed/unspecified)
were analyzed separately. Data on participants with known
CVD were included only in the comparison analyses.
Since we still found significant heterogeneity (Cochran
Q,0=635.4, P<.001), a random-effects meta-analysis was
employed using StatsDirect. We calculated the relative risk
(RR) to investigate the differences in T2DM prevalence
between those with bipolar disorder and members of the
general population (if >3 studies). To investigate sources
of heterogeneity, we conducted moderator analyses (if
>3 studies) with mean age (years), mean illness duration
(years), percentage of male participants, race (percentage
white), level of education (years), medication use (individual
prescribed antipsychotics, antidepressants, mood stabilizers,
lithium), smoking rate (percentage), percentage of people
with diabetes in the background population, region (Europe,
North America, Asia, Australia), NOS score,'? study design
(retrospective or cross-sectional), and the method of T2DM
assessment (following international standards, self-report,
clinician report, or medical records or based on antidiabetic
medication use). We assessed publication bias with a visual
inspection of funnel plots, yet gave priority to quantitative
testing through the Begg-Mazumdar Kendall t*° and Egger
bias test.” Finally, a regression analysis was performed (if
>3 studies) to determine whether the T2DM prevalence in

people with bipolar disorder could be predicted from the
T2DM prevalence in the background population.

RESULTS

Search Results and Included Participants

The initial electronic database search resulted in 55 valid
hits. From candidate publications following exclusions, our
search generated 19 studies?”* (17 for the pooled analyses
and 2 extra for the comparison analyses excluded from the
pooled analyses due to selection bias) fulfilling the inclusion
criteria (see Figure 1 for search results and reasons for
exclusion). Two research groups provided additional data
(see acknowledgments), and one research group did not
respond to our request (see eAppendix 1 at PSYCHIATRIST.COM).

The dataset comprised 18,060 unique individuals with
a DSM or ICD diagnosis of bipolar disorder (mean age
range, 38-58 years). Published studies involved sample
sizes that ranged from 53% to 4,310%! participants. Details
on the included studies are presented in Table 1. Five
studies?’~2%3>4 were conducted among inpatients (n=1,418),
another 5°+3639-41 in outpatient settings (n=4,549), and
930-33.37.3842,43.45 in mixed settings (n=12,093). Four
studies?*?>364! focused on only patients with bipolar I
disorder; none focused on only patients with bipolar II
disorder. Four3236404> of the 17 studies (n=772) included
in the pooled analyses reported smoking rates, and 48.9%
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Table 1. Characteristics of the Included Studies

Newcastle
Location and Bipolar Diabetes Diabetes Ottawa Scale
Study Design Diagnosis Participant Characteristics® Assessment Prevalence Score
Lilliker,2” 1980 United States DSM-II 203 (79 males) Inpatients Medical records  Male =5% (n=4), female =13% 4
Retrospective 95% White (n=16) vs 2% in the background
Age, range, 28-77y population
Cassidy et al 28 United States DSM-III-R 357 (172 males) Inpatients Medical records  Male =8.1% (n=14), female =11.9% 5
1999 Retrospective 59.4% White (n=22) vs 3.4% in the background
Age, range, 20-74y population
Regenold etal,”® United States DSM-IV 53 (18 males) Inpatients with bipolar | disorder Medical records ~ 26.4% (n=14) vs 13% in the background 4
2002 Retrospective (SCID) 55% White population
Age, range, 50-74y
BMI=27.2
McElroy et al3®  International DSM-1IV 644 (279 males) Inpatients and outpatients Clinician and/or  3.1% (n=20) vs 16.49% in the 2
2002 Prospective, (SCID) Age, range,18-82y self-report background population
pretreatment, BMI=273+6.4
baseline
Kilbourne etal,3”  United States 1CD-9 4,310 (3,879 males) Inpatients and outpatients VA National 17% (n=733) vs 15.6% in the 6
2004 Retrospective Age, 53+ 13y Patient Care background population
Database
Birkenaes et al,3 Norway DSM-IV 110 (43 males) Inpatients and outpatients Medical records  Male =0% (n=0), female =8.1% (n=5) 4
2007 Cross-sectional  (SCID) Age,39+12y vs 2.2% in age-matched, but not
BMI=23.6+5.0 gender-matched, controls
van Winkel Belgium DSM-IV-TR® 60 (26 males) Inpatients and outpatients 0GTT +ADA 6.7% (n=20) vs 16.4% in the background 3
etal®2008  Cross-sectional 100% Caucasian criteria population
Age, 45+13y
BMI=24.4+4.2
Fiedorowicz United States DSM-IVP 217 (80 males) Outpatients Medical records 9% (n=20) 2
etal,>*2008  Retrospective 85% White
Age, 46+ 15y
59% Bipolar | disorder
34% Bipolar Il disorder
Kim et al,®® 2009 South Korea DSM-IV 184 (88 males) Inpatients with bipolar | disorder Antidiabetic Male =2.7% (n =5), female = 1.6% 2
Baseline, Age, 38+13y medication (n=3)
pretreatment
Tsai etal, 2009 Taiwan DSM-1V 59 (20 males) Outpatients with bipolar | disorder Medical records  27.1% (n=16) vs 13.6% (n=8) in 59 7
Retrospective (SCID) Age, 71.1+59y age-, gender-, and education
level-matched controls
Chien et al,*’ Taiwan 1CD-9 1,848 (806 males) Inpatients and outpatients Claims database Male =10.2% (n =82), female =11.2% 6
2010 Retrospective Age, =18y (n=117) vs male =5.7% (n=21,341),
female =5.4% (n=21,257) in
age- and gender-matched controls
Hseih et al 3 Taiwan 1CD-9 4,067 (1,878 males) Inpatients and outpatients (Claims database 10.33% (n=420) vs 4.11% (n=501) in 6
2012¢ Cross-sectional age- and gender-matched controls
Magalhaes United States DSM-1V 3,811 (1,639 males) Outpatients Medical records ~ 2.9% (n=109)° 2
etal, 2012 Prospective, (MINI) Age, 39+ 13y
pretreatment,
baseline
Calkin et al % Canada DSM-IV-TR 121 (40 males) Outpatients 0GTT + ADA 21.5% (n=26) 3
2014 Prospective, Age, range,19-85y criteria
baseline 69.9% Bipolar | disorder
30.1% Bipolar Il disorder
Depp etal,*! United States DSM-IV 341 (164 males) Outpatients with bipolar | disorder Antidiabetic 7.3% (n=25) 2
2014 Cross-sectional Age, 483+129y medication
follow-up BMI=28.2+6.1
Foley et al, 2 Australia 1CD-10 225 (101 males) Inpatients and outpatients with OGTT+ ADA 10.7% (n=24) 3
2014 Cross-sectional psychotic features criteria
Age, 40.6+£10.66 y
Perugi et al,® Italy DSM-IV-TR 347 (129 males) Inpatients and outpatients Medical records ~ 8.6% (n = 30) 2
2014 Retrospective (SCID) 59.7% bipolar | disorder
Age, 47.7+143y
Schoepf and United Kingdom  /(D-10 621(255 males) Inpatients Medical records  12.6% (n =78) vs 8% (n=499) in 6
Heun,* Retrospective Age, 47.3+0.7y age- and gender-matched controls
2014¢ 81.3% Caucasian
Sylvia etal,® United States DSM-IV-TR 482 (199 males) Inpatients and outpatients (linical 6.2% (n=30) 2
2014 Cross-sectional 72.2% White interviews

68.3% Bipolar | disorder
31.7% Bipolar Il disorder

3Values with + symbol are mean +SD. PInformation obtained from the authors. Study only included in the comparison analysis.
Abbreviations: ADA = American Diabetes Association, BMI=body mass index, MINI = Mini-International Neuropsychiatric Interview, OGTT = oral glucose
tolerance test, SCID = Structured Clinical Interview for DSM-IV Axis | Disorders, VA =Veterans Administration.
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of people withbipolar disorder in these studies were
smokers. In 5 studies,?’ 23133 the prevalence of T2DM in
the background population was reported (range, 2%-15.6%).
There was variation in how T2DM was ascertained
across the studies. Three studies*****? reported T2DM in
accordance with American Diabetes Association criteria.??
Twelve studies?’2931:32:3436-39.43.44 yitjlized medical records/
claims databases, 2°>*! relied on antidiabetic medication
prescriptions, and 23%%> used physician or self-report.
Studies in people with bipolar disorder on monotherapy
were lacking in the literature.

Publication Bias

The funnel plot of the 22 prevalence estimates included
in our pooled meta-analysis of 17 articles?6-3739-4345 was
broadly symmetrical (Figure 2). Both the Egger test (2.689
[95% CI, —0.502 to 5.88] P=.09) and the Begg-Mazumdar
test (Kendall t=0.125541, P=.43) showed no evidence of
publication bias.

Methodological Quality

Overall, the methodological quality of the included
articles was low to moderate, and the mean NOS score was
3.7 (range, 2-7). The NOS summary scores are presented
in Table 1.

Pooled Prevalence of T2DM

The overall pooled prevalence of T2DM calculated from
22 prevalence estimates in 17 articles?6-373-4345 (n =13,365)
was 9.4% (95% CI, 6.5%-12.7%) (Q,; =643.78, P<.001). The
forest plot is presented in Figure 3. The pooled prevalence
of T2DM among people with bipolar I disorder was 12.1%
(95% CI, 5.2%-21.4%) (Q,=33.97, P<.001, n=637) and
8.7% among people with mixed diagnoses (bipolar I and
IT disorder) (95% CI, 5.6%-12.4%) (Q,¢=609.76, P<.001,
n=12,728).

Moderating Variables of T2DM

Type 2 diabetes mellitus was not significantly associated
with study design (b1 [b=unstandardized coefficient] =—-30.0,
z=-0.000092, P>.99), median study period (b2=-20.2,
z=-0.000086, P>.99), NOS score (b3=11.4, z=0.000043,
P>.99), country of origin (b4=-1.2,z=-0.000012, P>.99),
geographic region (b5=-10.7, z=-0.000082, P>.99),
treatment setting (b6=19.8, z=0.000063, P>.99), mean
age (b7=1.4, z=0.000045, P>.99), percentage of male
participants (b8 =-63.1, z=-0.00046, P=.99), or T2DM
assessment method (b9=113.8, z=0.000258, P=.99).
There was also no significant difference in pooled T2DM
prevalence in female (11.4%; 95% CI, 9.8%-13.1%) (4 studies;
n=1,412) and male (8.9%; 95% CI, 7.4%-10.7%) (4 studies;
n=1,099) estimates (RR=1.38, P=.13; Cochran Q;=4.32,
P=.23). In contrast, in an exploratory regression analysis,
the variance in T2DM prevalence in people with bipolar
disorder (5 studies, n =4,983) was moderated by the variance
in prevalence of T2DM in the background population
(r*=0.85, coefficient=0.52, standard error=0.13, t=4.09,

Figure 2. Funnel Plot of 22 Prevalence Estimates
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P=.03). There were insufficient data to investigate the role
of ethnicity, medication use (monotherapy antidepressants,
mood stabilizers, and antipsychotics), and diagnostic
subgroups.

Comparison of T2DM Prevalence in Bipolar Disorder
With Age- and Gender-Matched Controls

Four studies®¢~344 compared individuals with bipolar
disorder (n=6,595; 48.6% male) with age- and gender-
matched control subjects or cohorts (n="783,049; 48.7%
male). There was no evidence of publication bias in this
analysis (Begg-Mazumdar: Kendall t=-0.4, P=.23; Egger:
bias=-2.45[95% CI, -9.5t0 4.6], P=.07). Compared with the
respective general population groups, patients with bipolar
disorder had a significantly greater risk of diabetes when
data from the individual studies were pooled (RR =1.98; 95%
CIL, 1.6-2.4; P<.001). The relative risk forest plot (random
effects) is presented in Figure 4.

DISCUSSION

General Findings

To the authors’ knowledge, this is the first meta-analysis
of the proportion of T2DM in people with bipolar disorders.
We found 19 publications including 18,060 persons with
a DSM or ICD diagnosis of bipolar disorder. The current
meta-analytic data demonstrate that approximately 10%
(9.4%; 95% CI, 6.5%-12.7%) of individuals with bipolar
disorder had clear evidence of T2DM. In reality, without
systematic rigorous testing, the true prevalence rates could
be higher given that up to half of all cases of T2DM may
be undiagnosed.*® Yet, even taken at face value, our meta-
analysis adds to the current literature by showing that the
relative risk for T2DM is 2 times higher for people with
bipolar disorder compared with age- and gender-matched
general population controls.

Identifying those who currently have or are at high-risk
for T2DM is a clinical imperative. This is particularly true for
people with severe mental illness, since in this population,
T2DM is associated with a reduced quality of life,” a 3- to
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Figure 3. Forest Plot of Pooled Prevalence of Type 2 Diabetes Mellitus in Bipolar Disorder
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4-fold higher risk of death than the general population,*®
and significantly increased medical costs.’*® We were not
able, however, to identify any significant demographic
or clinical variables that moderated the heterogeneity in
T2DM prevalence at study level. The fact that increasing
age was not a significant moderator, as could have been
expected, might be due to the limited mean age range at
study level (38-58 years). In contrast, the variance of T2DM
prevalence in the background population contributed
largely to the variance in diabetes prevalence in people with
bipolar disorder. This may suggest that national initiatives
to improve health and prevent obesity and cardiometabolic
risk are just as relevant to people with bipolar disorder as
they are to those in the general population. Accumulating
evidence,* for example, strongly demonstrates that the
majority of T2DM cases can be prevented through diet
and lifestyle modification. For example, compared with
an active lifestyle following health recommendations, a
sedentary behavior is associated with a 112% increase in
the RR of diabetes (RR =2.12; credible interval [CrI], 1.61-
2.78), a 147% increase in the RR of cardiovascular events
(RR=2.47; 95% CrI, 1.44-4.24), a 90% increase in the risk
of cardiovascular mortality (HR=1.90; 95% CrI, 1.36—
2.66), and a 49% increase in the risk of all-cause mortality

(HR =1.49;95% CrI, 1.14-2.03).°° However, very few studies
have examined lifestyle modification in people with bipolar
disorder. One study®' recruited 58 patients with bipolar
disorder to 4 self-management sessions over 6 months and
found a change on the 12-Item Short-Form Health Survey
(SF-12) subscale for physical health (f,;,3=2.01, P=.04)
relative to the usual care group. Another pilot study®? in
5 overweight patients with bipolar disorder indicated that
weight, cholesterol, triglycerides, and the number of daily
calories and sugar intake decreased while weekly exercise
duration more than tripled following an 18-session, 20-week
cognitive-behavioral therapy-based lifestyle modification
program. However, T2DM has not, as yet, been studied as an
outcome of interest. The finding that the prevalence of T2DM
in people with bipolar disorder is related to the background
population indicates that the adoption of a healthy lifestyle
requires not only individual behavioral changes in persons
with bipolar disorder but also societal changes in our food,
built, and social environments. Public health strategies that
target the obesogenic environment are likely to be critical.
Previous research®>* in people with severe mental illness
has already demonstrated that the built environment
strongly influences lifestyle behaviors in this vulnerable
population. Built environments are the totality of places built
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Figure 4. Relative Risk of Type 2 Diabetes Mellitus in Bipolar Disorder Versus Age- and

Sex-Matched Controls

Relative Risk Meta-Analysis Plot (random effects)
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or designed, including buildings, grounds around buildings,
layout of communities, transportation infrastructure, and
parks and trails.>>** Translating the current findings into
daily practice requires therefore fundamental shifts in public
policies and mental and physical health care systems.>> For
example, public policies should target safe walk/bike trails
to community mental health care settings, shared-use
agreements for recreational facility use between inpatient
and outpatient settings on the one hand and the private
sector or public communities on the other.

Clinical Implications

Next to the fact that primary prevention should be a
public health policy priority, the current meta-analysis has
also a number of clinical implications for the care of people
with bipolar disorder. The American Diabetes Association??
recommends earlier screening and more frequent monitoring
of high-risk patients. Our data clearly demonstrate that
people with bipolar disorder should be considered a high-
risk group that needs to be proactively screened for T2DM.
Psychiatrists may be best placed to coordinate this risk
assessment and management if patients are under their
care, but, for other patients, general practitioners may also
have this responsibility. Screening could also form part of
shared care arrangements with general and specialist health
care services working together.!! It is particularly important
to establish baseline diabetes risk at initial presentation
so that any subsequent change during treatment can be
monitored. The medical history and examination should,
at a minimum, include (1) history of previous CVD, T2DM,
or other related diseases; (2) family history of premature
CVD, T2DM, or other related diseases; (3) smoking, dietary,
and lifestyle habits; (4) weight and height (to calculate
body mass index) and waist circumference; (5) fasting
blood glucose and/or hemoglobin A;. (HbA,.); (6) blood
pressure (measured twice and average taken); and (7) past

medication history.”® It is reccommended that fasting blood
glucose measurements should also be taken before the first
prescription of psychotropic medication. The frequency of
testing will depend on the patient’s medical history and the
prevalence of baseline risk factors. For patients with normal
baseline tests, it is recommended that measurements are
repeated at 6 weeks and 12 weeks after initiation of treatment
and at least annually thereafter.® During the initial phase
of treatment, it is important to measure weight weekly to
identify those individuals who gain weight rapidly with
psychotropic treatment. In patients with T2DM (and those
with prediabetes), fasting blood glucose and HbA . should be
measured regularly (approximately every 3-6 months).>¢>7
An annual examination should include measurement of
CVD risk factors; urinary albumin excretion and serum
creatinine; an eye examination, ideally including fundus
photography; and foot examination to diagnose early signs
of complications.’® Despite the imperative to screen for
T2DM, screening for T2DM and cardiometabolic disease
and risk factors is suboptimal, with only slight improvement
over the last decade.”® The low screening rates might reflect
both patient and professional barriers. People with bipolar
disorder might be less likely than the general population
to take opportunities for health screening.>® Professional
barriers to screening within mental health settings include
lack of clarity about whose responsibility screening is, lack
of understanding about what should be measured and when,
lack of confidence in interpreting results, and lack of access
to necessary equipment.®” Although there are screening
recommendations following initiation of antipsychotic
medication,®! such guidelines are currently not available for
all psychotropic medications. Without systematic screening
following detailed recommendations and using acceptable
and accurate diagnostic tests, the true prevalence of T2DM
in patients with bipolar disorder and other mental illnesses
will remain unknown and underestimated.
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Further, research has shown that éven after an established
diagnosis of diabetes is made, many of those with mental
ill health are not offered timely treatment.%>®* Thus,
routine screening is only the first step. Psychiatric centers
should cooperate with diabetes centers to establish shared
care pathways for people with mental illness and T2DM.
Those with diagnosed T2DM should also be seen by a
multidisciplinary team including physicians, diabetes nurses,
physical therapists, and dietitians regularly to advise on not
just diabetes but other risk factors (such as smoking) and
other medical comorbidities. When T2DM is detected,
people with bipolar disorder are likely to require additional
pharmacologic management, but this therapy is unlikely to
be significantly different from the general population, for
which guidelines are available from the European Society
of Cardiology and European Association for the Study of
Diabetes® and the American Diabetes Association.?? Insulin
treatment should be initiated and monitored by health care
professionals with expertise in the management of diabetes.

Limitations

We wish to acknowledge several limitations in the
primary data and this meta-analysis. First, there was
considerable methodological heterogeneity across studies.
This heterogeneity may be attributable to the differences
in study design, sample size, participant characteristics
(including, age, gender, illness duration, ethnicity, levels
of education, bipolar disorder subgroups, medication
regimens), and different methods for assessing T2DM.
Second, we also observed that the obtained NOS scores in
the current meta-analysis were remarkably lower than in
comparable recent meta-analyses?»?! investigating medical
comorbidities in people with severe mental illness. A
possible reason might be the lack of accurate assessment of
T2DM in the current literature. Only 3 studies®****? assessed
T2DM using an oral glucose tolerance test and following
the American Diabetes Association criteria.”* There are
inherent problems with using chart reviews of inpatients in
relation to selection bias and to the reliability and validity of
the diabetes diagnosis. It has been previously shown that a
large proportion of T2DM cases remains undetected when
people with severe mental illness are not actively screened
for these abnormalities,® which might imply (as mentioned
above) that the actual prevalence of T2DM could even be
higher than the rate reported in our pooled analysis. Third,
there was marked variation in the quantity and quality of
analyzable studies, some of which had limited sample sizes
and with a reliance largely on retrospective studies. Fourth,
moderator variables were not often reported, reducing the
power for these analyses. In particular, duration of treatment,
specific medication use, and lifestyle behaviors, all relevant
variables for T2DM, were recorded insufficiently, precluding
the meta-analytic assessment of these factors as moderating
or mediating variables. In particular, data were too limited
regarding individual prescribed antidepressants, mood
stabilizers, and antipsychotics. Without this information, we
were not able to assess the risk-moderating effects of specific

Diabetes in Bipolar Disorder

medications. Fourth, our findings are based on patient
populations. In order to generate more accurate estimates
of T2DM in bipolar disorder, well-designed epidemiologic
studies that carefully assess large general population
samples for both bipolar disorder and T2DM are needed.
Nevertheless, allowing for the above-mentioned caveats, this
is the largest study of T2DM proportions and its moderators
in people with bipolar disorder and the first formal meta-
analysis of this important topic.

Future Research

An overview of the current literature shows that, unlike
research in people with schizophrenia,*®%” no study has been
conducted in drug-naive persons with bipolar disorder to test
the hypothesis that T2DM can be found more frequently in
treated compared with untreated or never treated individuals
with bipolar disorder. However, a recent pilot study®® in 7
drug-naive patients with DSM-IV-TR bipolar I disorder who
underwent an oral glucose tolerance test suggests that bipolar
disorder may be highly associated with abnormal glucose
metabolism, even if unmedicated. The authors found an
impaired glucose tolerance in 6 of 7 patients, suggesting
that glucose abnormalities are linked to the diagnosis of
bipolar disorder before the effects of pharmacotherapy and
other confounders had taken place. Future studies should
therefore investigate to which extent risk for T2DM in drug-
naive and untreated persons with bipolar disorder is lower
than in those treated with specific pharmacologic regimens.
Second, since antipsychotic medications are increasingly
prescribed as frontline treatment for bipolar disorder,®
research on the effect of these medications on T2DM
risk in people with bipolar disorder is urgently needed.
Third, future studies should investigate whether there are
differences in T2DM risk between people with bipolar I
or II disorder. Since individuals with bipolar II disorder
experience a higher burden of depressive symptoms than
those with bipolar I disorder, it might be hypothesized that
the T2DM risk is higher in patients with bipolar II disorder.
Fourth, the pathophysiology that underlies the association
between bipolar disorder and T2DM is complex and not
well understood and should be a research priority. Emerging
evidence’%7? suggests that both have shared pathophysiologic
features, including hypothalamic-pituitary-adrenal axis and
mitochondrial dysfunction, neuroinflammation, common
genetic links, and epigenetic interactions. Fifth, future studies
should examine whether there is an underlying genetic
risk for the development of T2DM after pharmacotherapy
initiation. Examining whether metabolic outcomes are
moderated by genetic factors as well as clinical characteristics
and background lifestyle risk factors or whether they are
mediated by individual treatments should become a clinical
research priority. Sixth, interventions that target T2DM risk
in bipolar disorder should be evaluated. Seventh, future
research should undertake a comprehensive assessment of
the value of regular screening for T2DM risk factors following
recommended monitoring guidelines to evaluate how much
screening helps, particularly when linked with follow-up
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care. Last, long-term follow-up studies are required in order
to accurately document the emergence of some more distal
outcomes, including not only CVD and medical costs but
also premature mortality, that may be particularly linked

with T2DM in people with bipolar disorder.

In conclusion, the current meta-analysis demonstrates
that T2DM is significantly more common in people with
bipolar disorder than in age- and gender-matched general
population controls. Overall, from the available data it
appears that approximately 10% of people with bipolar
disorder are currently affected by T2DM, but it is likely many
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paper
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Bipolar Disorder. Rev Bras Psiquiatr 2013; 35(2): 126-130.
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structure in bipolar disorders. Neuropsychopharmacol 2014; 39(12): 2910-2918. 2014
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hospital based cross-sectional study Ind J Psychiatry 2013; 55: 35 obtained
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undertreatment of cardiovascular disease: a cross sectional study. BMC Med 2013; 11: 263. diagnosis
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9. | Garcia-Rizo C, Kirkpatrick B, Fernandez-Egea E, Oliveira C, Grande I, Undurraga J, Vieta E, Bernardo M. | Conference abstract
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Eur Neuropsychopharmacol 2013; 23: S95-S96.
10. | Chauvet-Gélinier JC, Gaubil I, Kaladjian A, Bonin B. Bipolar disorders and somatic comorbidities: A focus on Review
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schizophrenia or bipolar disorder. J Am Geriatr Soc 2012; 60(3): 474-479.

12. | Gencer AG, Kesebir S. Diabetes in first episode mania: Relations with clinical and the other endocrinological and | Conference abstract
metabolic parameters. Bipolar Disord 2012; 14(1): S90.

13. | Kodesh A, Goldshtein I, Gelkopf M, Goren |, Chodick G, Shalev V. Epidemiology and comorbidity of severe | No prevalence rates
mental illnesses in the community: findings from a computerized mental health registry in a large Israeli health available
organization. Soc Psychiatry Psychiatr Epidemiol 2012; 47(11): 1775-1782.

14. | Slomka JM, Piette JD, Post EP, Krein SL, Lai Z, Goodrich DE, Kilbourne AM. Mood disorder symptoms and | Only at risk patients
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15. | Svendal G, Fasmer OB, Engeland A, Berk M, Lund A. Co-prescription of medication for bipolar disorder and No DSM or ICD
diabetes mellitus: a nationwide population-based study with focus on gender differences. BMC Med 2012; 10: diagnosis
148.

16. | Thakurathi N, Henderson DC. Atypical antipsychotics are associated with incident diabetes in older adults Incidence rates
without schizophrenia or bipolar disorder. Evid Based Ment Health 2012; 15(3): 61.

17. | Bai YM, Su TP, Tzeng-Ji C, Chen YC. Diabetes mellitus syndrome in bipolar disorder, schizophrenia compared | Conference abstract
with general population: A taiwan population based 8-year study. Int Clin Psychopharmacol 2011; 26: e6-e7.
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20. | Kesebir S, Salkin G, Dereboy F. Diabetes and bipolar disorder: A case report with late onset and review of Conference abstract +

literature Yeni Symposium 2011; 49(2): 113-119.

case report



http://www.embase.com.kuleuven.ezproxy.kuleuven.be/search/results?subaction=viewrecord&rid=14&page=1&L361907319
http://www.embase.com.kuleuven.ezproxy.kuleuven.be/search/results?subaction=viewrecord&rid=14&page=1&L361907319

Appendix 1. Continued

Reference Reason for exclusion

21. | Lee E, Leung CM. Clustering of hypertension, dyslipidemia and diabetes mellitus in bipolar disorder: A case- Conference abstract
control study of Chinese patients. Eur Psychiatry 2011; 26(1): 875.

22. | Schulte PF, Bocxe JT, Doodeman HJ, Cohen D, Van Haelst IM. Risk of new-onset diabetes after long-term | Conference abstract +
treatment with clozapine in comparison to other antipsychotics in patients with schizophrenia. Bipolar Disord incidence rates
2011; 13(1): S87.

23. | Sit DKY, Luther J, Wisniewksi S, Wisner KL. Diabetes and obesity in pregnant women with unipolar and bipolar Conference abstract
disorders: Adverse birth outcomes. Bipolar Disorders 2011; 13(1): S90-S91.
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