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Objective: Disturbance in glucose homeostasis in psychiatric populations has been sug-
gested since the early part of this century. Increased comorbidity of diabetes mellitus in
persons with major mood disorders has also been suggested. The goal of this study was to
determine whether subjects diagnosed with bipolar disorder have an elevated rate of co-
morbid diabetes mellitus. Method: Three hundred forty-five hospitalized patients, aged
20-74 years, who met the DSM-III-R criteria for bipolar disorder, manic or mixed subtype,
were evaluated for a comorbid diagnosis of diabetes mellitus. The frequency of diabetes
mellitus in the study group was determined and compared with the expected frequency,
calculated as a weighted average based on sex and age from national norms. Variables
characterizing the course and severity of the affective disorder in the group of diabetic bi-
polar subjects and a group of nondiabetic age-matched bipolar subjects were compared.
Results: The prevalence of diabetes mellitus among these bipolar patients was 9.9%, sig-
nificantly greater than expected from national norms (3.4%). The patients with comorbid di-
abetes mellitus had significantly more lifetime psychiatric hospitalizations than the nondia-
betic subjects, but age at first hospitalization and duration of psychiatric disorder were
similar in the two groups. Conclusions: The frequency of diabetes mellitus in hospitalized
patients diagnosed with bipolar disorder is higher than in the general population. Manic-de-
pressive patients with diabetes mellitus have a more severe course of iliness, as indicated
by a greater number of psychiatric hospitalizations. Possible reasons for this increased co-
morbidity include a genetic relationship between the disorders, a causal relationship in
which hypercortisolemia induces diabetes or diabetic vascular lesions contribute to mania,
an overlapping functional disturbance affecting similar regions of the brain, or the effect of
psychotropic medications.

(Am J Psychiatry 1999; 156:1417-1420)

Abnormal glucose regulation in psychiatric disor-
ders, including manic-depression, was a focus of discus-
sion and research in the first half of this century (1-13).
Most of the reports comprised series of cases that are
difficult to interpret and included few individuals with
manic-depression. Gildea et al. (14) reported elevated
glucose tolerance test results after oral, but not intrave-
nous, administration of dextrose to 30 manic-depres-
sive subjects. Two other studies also found abnormali-
ties in glucose regulation in patients with manic-
depression; van der Velde and Gordon (15) reported in-
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creased frequencies of abnormal results on glucose tol-
erance tests in manic patients compared with schizo-
phrenic patients, and Lilliker (16) reported increased
rates of comorbid diabetes mellitus in patients diag-
nosed with manic-depressive disorder. Both of those re-
ports were confounded by diagnostic systems that pre-
dated the separation of unipolar depression from
manic-depressive disorder. The purpose of the current
study was to evaluate whether patients diagnosed with
bipolar disorder, manic or mixed subtype, according to
the DSM-III-R criteria have a higher frequency of dia-
betes mellitus than the general population.

METHOD

Medical histories of 345 patients admitted to John Umstead Hos-
pital who met the DSM-III-R criteria for bipolar disorder, manic or
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TABLE 1. Characteristics of 357 Patients With Bipolar Disorder
Grouped According to Their Diabetic Status

Nondiabetic Diabetic

Variable Patients Patients Analysis

Sex (N) x2=1.38, df=1, n.s.
Male 158 14
Female 163 22

Race (N) x2=0.37, df=1, n.s.
White 193 19
Black 126 17

Bipolar subtype (N) x2=0.34, df=1, n.s.2
Mixed 45 3
Manic 276 33

Age (years) t=6.40, df=355,

p<0.001

Mean 40.6 55.3
SD 134 10.0

a2 With Yates’s correction.

mixed subtype, were evaluated for a comorbid diagnosis of diabetes
mellitus. John Umstead Hospital is a state psychiatric hospital serv-
ing 14 counties in the north central region of North Carolina. The
vast majority of patients are admitted directly from either mental
health centers or emergency rooms located within this region. Chi-
square analyses comparing the presence or absence of diabetic co-
morbidity with sex, race (white versus black), and diagnostic sub-
type (manic versus mixed) were computed. The mean ages of the di-
abetic and nondiabetic patients within the study group were
compared by means of t tests.

The frequency of diabetes mellitus in the U.S. population aged 20—
74 years has been estimated at 3.4% (17), with a higher rate among
blacks (5.2%) than among whites (3.2%). A higher rate of diagnosed
diabetes in women (3.8%) than in men (2.9%) has also been sug-
gested, although this difference reaches significance only within some
age groups. To facilitate a comparison of the frequency of diabetes
mellitus in persons with bipolar illness and in the general population,
we restricted our study group to the racial composition and age range
of the subjects in the study by Harris et al. (17). We categorized our re-
stricted group according to the same race (black or white), sex, and
age groups (i.e., ages 20-44, 45-54, 55-64, and 65-74 years) and cal-
culated a weighted average for the expected frequency of diabetes in
our entire study group by using the frequencies in each of the same
subgroups within the Harris et al. comparison study. Using this overall
estimate, we determined the expected number of subjects drawn from
the general U.S. population in a similar-size group who would have a
self-reported history of diabetes mellitus and compared the two
groups using a goodness-of-fit chi-square analysis. The comparison
study (17) that we used to determine those rates, like ours, did not dis-
tinguish between type I and type II diabetes mellitus. The overall fre-
quency of type I diabetes mellitus relative to type Il is low (18), and the
majority of cases would be expected to represent type II.

Diabetic bipolar patients whose previous psychiatric histories were
available were matched by age (within 4 years) to randomly selected
nondiabetic bipolar patients from the total study group. Age at first
psychiatric hospitalization and number of lifetime psychiatric hospi-
talizations were compared for the groups by means of Wilcoxon
signed-ranks tests and a Bonferroni correction applied to significance
levels. In addition, diagnostic subtypes (manic versus mixed) of the
two groups were compared by means of chi-square tests.

RESULTS

The initial cohort included 357 patients meeting the
DSM-III-R criteria for bipolar disorder, manic (N=
309) or mixed (N=48) subtype. This group consisted
of 172 men and 185 women. Two hundred twelve pa-
tients were white, 143 were black, one was Oriental,
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and one was American Indian. Their mean age was
42.1 years (SD=13.8, range=18-82).

The raw prevalence of diabetes mellitus in the initial
cohort was 10.1% (N=36). These 36 patients had been
diagnosed with diabetes mellitus before their current
psychiatric hospitalization. Characteristics of the dia-
betic and nondiabetic patients are shown in table 1. The
results of chi-square analyses were not significant for di-
agnostic subtype (mixed versus manic), race (white ver-
sus black), or sex, but the difference in the mean ages of
the diabetic and nondiabetic groups was significant.

To facilitate a comparison with the reported frequency
of diabetes mellitus in the U.S. population, four patients
under the age of 20 were excluded (none was diabetic),
six patients 75 years of age or older were excluded (two
of whom were diabetic), and the one Oriental patient
and the one American Indian patient were excluded (nei-
ther was diabetic). The remaining group comprised 345
white and black subjects aged 20-74 years and repre-
sented 96.6% of the initial cohort. One hundred seventy
subjects were male and 175 were female. Two hundred
seven were white and 138 were black.

The frequency of diabetes mellitus in this final group
aged 20-74 years was 9.9% (N=34). The expected fre-
quency of diabetes mellitus, based on the calculated
frequency weighted for age, sex, and race from the
comparison study groups (17), was 3.5%, which is
equivalent to 12 of 345 subjects, minimally higher
than the 3.4% calculated in the entire cohort of the
comparison study. The frequency of diabetes mellitus
was significantly higher in our bipolar patients (x?=
41.80, df=1, p<0.001).

For the comparison of the diabetic and age-matched
nondiabetic bipolar patients, complete psychiatric his-
tories were obtained for 29 (81%) of the 36 diabetic
patients (seven white men, five black men, seven white
women, and 10 black women). Their mean age was
55.6 years (SD=10.3). Three of these subjects met the
criteria for bipolar disorder, mixed subtype, and 26 for
bipolar disorder, manic subtype. The mean age of the
matched nondiabetic bipolar comparison patients was
55.6 years (SD=10.0). This group consisted of seven
white men, four black men, 11 white women, and
seven black women. Three of them met the DSM-III-R
criteria for bipolar disorder, mixed, and 26 for bipolar
disorder, manic. As expected, the mean ages of the two
groups did not differ (t=—0.01, df=56, n.s.). The maxi-
mum age difference for matching nondiabetic patients
to the diabetic patients was 4 years, but 27 (93%) of
the 29 nondiabetic patients were matched to within 2
years of age. The groups did not differ with respect to
manic subtype (x*=0.19, df=1, n.s.), sex (x>=0.00, df=
1, n.s.), or race (x2=0.63, df=1, n..s.).

The age at first psychiatric hospitalization in the di-
abetic subgroup (mean=34.0 years, SD=12.1) did not
differ significantly from that of the matched nondia-
betic group (mean=37.1 years, SD=10.8) (z=0.91, n.s.).
However, the total number of psychiatric hospitaliza-
tions in the diabetic group (mean=10.9, SD=10.5) was
significantly greater than that in the age-matched com-
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parison group (mean=5.3, SD=5.2) (z=-2.26, p<0.05).
The age at onset of diabetes mellitus could not be de-
termined reliably in these patients.

DISCUSSION

The overall frequency of diabetes mellitus (10.1%) in
our cohort of patients with bipolar disorder, manic and
mixed subtypes, is similar to the 10% frequency re-
ported by Lilliker (16). Although a direct comparison
of our group with population norms may be limited by
methodological differences and selection biases, this
10.1% rate of diabetes mellitus in our manic cohort is
well above the rate in the general population (3.4%). In
this study we based our comparison group on national
frequency norms of previously diagnosed diabetes mel-
litus. Our study and the comparison study (17) used
similar standards for the identification of diabetic his-
tories. In the comparison study, rates of undiagnosed
diabetes mellitus were also estimated by administering
glucose tolerance tests to all subjects with no previous
history of diabetes mellitus. When we use a comparison
group that includes both previously diagnosed cases
and previously undiagnosed cases, the frequency of di-
abetes mellitus in our bipolar study group is still greater
than expected (x2=6.99, df=1, p<0.01). Although we
controlled for age and sex in our comparison groups,
the possibility of other confounding variables was not
excluded. Nevertheless, the frequency of diabetes melli-
tus in our cohort was well above the expected 3.5%.
Possible explanations for this comorbidity include a ge-
netic relationship between the two diseases, a causal re-
lationship in which the development of diabetes melli-
tus or mania increases the risk of the development of
the other disorder, or a functionally overlapping distur-
bance present in both diseases.

Each of these possibilities derives some support from
our understanding of these diseases. Although the ge-
netics of bipolar disorder is not well understood, there
is a consensus that multiple genes are likely to be in-
volved in the pathogenesis of manic-depression (19).
The tyrosine hydroxylase-INS-insulin-like growth fac-
tor II gene cluster on the short arm of chromosome 11
has been implicated as a susceptibility locus for diabe-
tes mellitus (20, 21). Although initial reports of the
INS gene being a susceptibility locus for bipolar disor-
der (22) were subsequently discounted after a reanaly-
sis of a larger sample (23), tyrosine hydroxylase mark-
ers have been shown to have some associations with
bipolar disorder (24-26).

Although high rates of cardiovascular and peripheral
vascular disease are well recognized in persons with dia-
betes mellitus, few studies have addressed the issue of
cerebrovascular disease in diabetic subjects (27). Higher
rates of lesions of small intraparenchymal cerebral ves-
sels and focal infarction have been reported in diabetic
patients (28-31). Those lesions have occurred mainly in
areas with blood supply from direct midline or parasag-
ittal arteries serving areas such as the base of the pons,
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thalamus, and basal ganglia (31). Although it is not
known whether diabetes-related vascular lesions that
occur in the brain can result in psychopathology, sub-
cortical white matter lesions have also been observed in
T,-weighted magnetic resonance imaging (MRI) scans
in bipolar disorder (32-37). Moreover, diabetes mellitus
has been implicated as a risk factor for similar hyperin-
tensities on T-weighted MRI scans (38).

Manic episodes might also predispose to the devel-
opment of diabetes mellitus. Increased glucocorticoids
have been reported to induce diabetes mellitus (39),
and hypercortisolemia has been reported during de-
pressive episodes (40-44) and, by some researchers,
during manic or mixed episodes (45-50).

The two diseases may also affect similar systems or
areas of the brain. Both diabetes mellitus and mania
have associated disturbances of the hypothalamic-pitu-
itary-adrenal axis, as reflected by high rates of nonsup-
pression of cortisol on the dexamethasone suppression
test (51-54). Moreover, the suprachiasmatic nucleus of
the hypothalamus has been implicated both in distur-
bances of the sleep-wake cycle noted during mania
(55) and in the regulation of glucose metabolism (56).

Although the exact relationship between bipolar dis-
order and diabetes mellitus is not known, the associa-
tion between these disorders is clinically relevant and
underscores the importance of screening for diabetes
mellitus in the bipolar population, particularly because
earlier detection and control of diabetes mellitus is
considered important for prevention of the medical co-
morbidity of diabetes mellitus and for prevention of
cerebral microvascular disease that may exacerbate the
course of bipolar disorder. For example, the greater
frequency of serious episodes of mania requiring hos-
pitalization among the diabetic manic patients in our
study be due to cerebral microvascular disease. More-
over, psychotropic medication may further increase the
risk of the development of diabetes, either directly or
as a result of weight gain. Further controlled studies of
the relationship of these two disorders are warranted.
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