Cingulate Cortex Anatomical Abnormalities
in Children and Adolescents With Bipolar Disorder

Simerjit Kaur, M.D.
Roberto B. Sassi, M.D.
David Axelson, M.D.

Mark Nicoletti, M.Sc.
Paolo Brambilla, M.D.

E. Serap Monkul, M.D.
John P. Hatch, Ph.D.
Matcheri S. Keshavan, M.D.
Neal Ryan, M.D.

Boris Birmaher, M.D.

Jair C. Soares, M.D.

Objective: In vivo imaging studies have
suggested anatomical and functional
abnormalities in the anterior cingulate in
adults with mood disorders. This anatomi-
cal magnetic resonance imaging study
examined the cingulate cortex in children
and adolescents with bipolar disorder and
matched healthy comparison subjects.

Method: Sixteen patients (mean age=
15.5 years, SD=3.4) with DSM-IV bipolar
disorder and 21 matched healthy com-
parison subjects (mean age=16.9 years,
SD=3.8) were studied. Three-dimensional
gradient echo imaging was performed
(TR=25 msec, TE=5 msecg, slice thickness=
1.5 mm) in a 1.5-T GE Signa magnet. Cin-
gulate volumes were compared by using
analysis of covariance, with age and in-
tracranial volume as covariates.

Results: The patients with bipolar disor-
der had significantly smaller mean vol-
umes relative to the healthy subjects in
the left anterior cingulate (mean=2.49
cm?3 [SD=0.28] versus 3.60 cm3 [SD=0.12],
respectively), left posterior cingulate (2.53
cm?3 [SD=0.32] versus 2.89 cm3 [SD=
0.09]), and right posterior cingulate (2.19
cm?3 [SD=0.13] versus 2.28 cm3 [SD=
0.08]). No significant between-group dif-
ference was found for the right anterior
cingulate (2.64 cm?3 [SD=0.21] versus 2.71
cm?3 [SD=0.10]).

Conclusions: The findings indicate
smaller cingulate volumes in children and
adolescents with bipolar disorder, sug-
gesting that such abnormalities may be
present early in the illness course.

(Am J Psychiatry 2005; 162:1637-1643)

r]?he pathophysiology of bipolar disorder appears to in-
volve abnormalities in brain neuroanatomic circuits that
are involved in mood regulation (1). The cingulate gyrus,
by having extensive connections with limbic regions, is
possibly a key structure in brain circuits that modulate
mood. Broca defined the cingulate, hippocampal, and
parahippocampal cortices as the limbic lobe (2), which is
part of Olds’ “reward system” (3) that borders all sensory
and motor areas mediating the appraisal of sensory im-
pressions and movement. The cingulate is contained
within a gyrus that lies between the corpus callosum and
the cingulate sulcus, which is anterior to the genu of the
corpus callosum. The entire cingulate is a heterogenous
structure with respect to its cytoarchitecture and func-
tions. It can be divided into anterior domains (Brodmann’s
areas 24, 25, 33) and posterior domains (Brodmann’s areas
23, 29, 30) (4). Vogt et al. (4) subdivided the cingulate into
four functional areas: affect regulation, response selec-
tion, visuospatial processing, and memory access.

The involvement of abnormalities in the cingulate cor-
tices, particularly the anterior cingulate, in the patho-
physiology of bipolar disorder is supported by several an-
atomical magnetic resonance imaging (MRI) studies with
different methodological approaches (5). Two previous
MRI studies (6, 7) did not find any anatomical abnormal-
ities in the cingulate volumes of patients with bipolar dis-
order. Drevets et al. (8) reported that a specific part of the
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anterior cingulate gyrus lying ventral to the genu of the
corpus callosum, the subgenual region of Brodmann’s
area 24 (also called the subgenual prefrontal cortex), was
40% smaller in subjects with familial mood disorder rela-
tive to comparison subjects. This finding was supported
by another study (9) in which smaller volumes in the left
subgenual region of Brodmann’s area 24 were found in
subjects with first episode affective psychosis who had a
familial history of mood disorders. Of interest is that
smaller left anterior cingulate cortex volumes were ob-
served in drug-free adult patients with bipolar disorder
but not in lithium-treated patients (10), which might be
the result of lithium’s proposed neuroprotective effect in
the brain (11, 12), but the precise mechanism remains
elusive. Acute lithium treatment was also associated with
a reduced anterior cingulate myo-inositol/creatine ratio
in bipolar children (N=11) (13).

Positron emission tomography studies in bipolar sub-
jects during episodes of mania and depression have also
demonstrated regional alterations in cerebral perfusion
and metabolism in the anterior cingulate cortex (14-17).
Ito et al. (14) found decreased cerebral blood flow in the
prefrontal cortices, limbic systems, and paralimbic areas
of subjects with unipolar and bipolar depression on a
pixel-by-pixel basis, using single photon emission com-
puted tomography, and indicated that dysfunction of
these regions might be related to the attentional, cogni-
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TABLE 1. Medication Status of Bipolar Disorder Youth (N=
16) at Study Entry

Patient
Number Lithium Valproate Other
1 Yes No
2 Yes No
3 No No
4 No Yes
5 Yes No
6 Yes Yes
7 No Yes Thyroid hormone
8 No Yes
9 No No
10 Yes Yes
11 Yes No Citalopram
12 No Yes Clomipramine, Dexedrine
13 Yes No Olanzapine
14 Yes No Thyroid hormone, methylphenidate
15 Yes Yes Trazodone
16 Yes Yes Fluoxetine, lorazepam, thyroid
hormone

tive, and emotional impairments that are recognized as
usual symptoms of depression. The left dorsal anterior
cingulate exhibited increased activity in manic patients in
two different reports (18, 19). These findings are sup-
ported by postmortem studies reporting synaptic abnor-
malities (20) and decreased neuronal density of the ante-
rior cingulate in patients with bipolar disorder (21, 22).

It is not known whether neuroanatomical abnormalities
in the cingulate cortices are already present early in the
course of the illness. To address this question, we used MRI
techniques to compare the cingulate cortex volumes of
children and adolescents diagnosed with bipolar disorder
with those of age-matched healthy comparison subjects.
To our knowledge, this is the first anatomical MRI study ex-
amining the cingulate in bipolar children and adolescents.
We hypothesized that children and adolescents with bipo-
lar disorder would have smaller cingulate volumes relative
to healthy comparison subjects. On an exploratory basis,
we also examined gender and laterality effects.

Method

Subjects

Sixteen children and adolescents with bipolar disorder (eight
female and eight male subjects; mean age=15.5 years [SD=3.4,
range=10-21]) and 21 healthy subjects (nine female and 12 male
subjects; mean age=16.9 years [SD=3.8, range=11-21]) were re-
cruited. Subjects were recruited from the outpatient clinics of the
Department of Psychiatry, University of Pittsburgh Medical Cen-
ter, or through advertisements in the local community. All pa-
tients met DSM-IV criteria for bipolar disorder as determined by
either the Structured Clinical Interview for DSM-IV (SCID) (23)
for subjects ages 18-21 years old or the Schedule for Affective Dis-
orders and Schizophrenia for School-Age Children—Present and
Lifetime Version (K-SADS-PL) (24) for those younger than 18.
Subjects did not have any history of alcohol/substance abuse,
neurological problems, or current medical problems.

The bipolar patient group met DSM-IV criteria for bipolar type
I (N=12), bipolar type II (N=3), or bipolar not otherwise specified
(N=1). At the time of the study, two subjects were in a depressive
episode, and 14 were euthymic. Only two patients were drug-free,
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the other 14 patients were receiving treatment at the time they
participated in the study (Table 1). Eleven patients had a history
of previous antipsychotic use, while five patients had no such his-
tory. Fifteen of the 16 patients had a family history of mood disor-
ders in a first-degree relative. First-degree relatives were consid-
ered mood disorder positive if they ever received a diagnosis from
a psychiatrist of unipolar or bipolar disorder, as ascertained by
patient and relative reports and available medical records. Pa-
tients did not have any axis I comorbid psychiatric disorders other
than ADHD (N=5), oppositional defiant disorder (N=1), and con-
duct disorder (N=1). Symptoms of depression were assessed with
the Hamilton Depression Rating Scale.

Healthy subjects (N=21) had no DSM-1V axis I disorders as de-
termined by either the SCID nonpatient version (23) for subjects
ages 18-21 years old or the K-SADS-PL (24) for subjects younger
than 18. For inclusion, healthy subjects had to be 10-21 years of
age with no history of or current psychiatric, neurologic, or sub-
stance-related disorder. Exclusion criteria were history of any axis
I psychiatric disorder in first-degree relatives, use of any psycho-
active medication within 2 weeks of the study, and any current
medical problems.

This study protocol was approved by the University of Pitts-
burgh biomedical institutional review board. All subjects, as well
as their parents (if subject was younger than 18), signed consent
forms, after having understood all issues pertaining to participa-
tion in the study.

MRI Procedure

A 1.5-T GE Signa Imaging System running version Signa 5.4.3
software (General Electric Medical Systems, Milwaukee) was used
to acquire the MRI scans. First, a sagittal scout series was ob-
tained to confirm patients’ head position and image quality and
to locate a midline sagittal image. Graphic prescription of the
coronal and axial images was obtained through a T;-weighted
sagittal scout image. Three-dimensional gradient echo imaging
(spoiled gradient recalled acquisition) was performed in the coro-
nal plane (TR=25 msec, TE=5 msec, nutation angle=40°, field of
view=24 cm, slice thickness=1.5 mm, number of excitations=1,
matrix size=256x192) in order to obtain 124 images covering the
entire brain. A double echo-spin sequence was used to obtain a T»
and proton density image in the axial plane to screen for any pos-
sible neuroradiological abnormalities.

All anatomical measurements were conducted on a Dell PC
workstation (Dell Computers, Austin, Tex.) using the semiauto-
mated software Scion Image Beta-4.0.2 for Windows (Scion Cor-
poration, Inc., Frederick, Md.). A trained evaluator, blind to group
assignment and to subjects’ identity, obtained volumetric mea-
surements of the cingulate cortex, following the tracing method
used by Noga et al. (25). The interrater reliability (intraclass corre-
lation coefficient [ICC]), established by two independent evalua-
tors tracing 10 training scans, was high (intracranial volume: r=
0.94; left anterior cingulate: r=0.97; left posterior cingulate: r=0.96;
right anterior cingulate: r=0.95; right posterior cingulate: r=0.91).
The volumes of these brain structures were expressed in cm?3,
Anatomical Landmarks: Cingulate Cortex
Measurements

The cingulate was divided into four sections, anterior and pos-
terior, right and left. We measured each section separately. All
tracings of the cingulate were done in the coronal view. The first
slice traced was two slices anterior to the final slice where the
genu was visible. Tracing was continued until the anterior com-
missure was apparent, and this marked the posterior limit of the
anterior cingulate. The subsequent slice marked the anterior bor-
der of the posterior cingulate. The final slice measured was the
one where the cerebral aqueduct appeared within the pons (Fig-
ure 1). Cingulate cortex tracing was done for gray matter only.
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FIGURE 1. Anatomical Landmarks for the Cingulate Tracing?

First slice

Anterior cingulate

Posterior cingulate
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Last slice

a Left and right sides, traced separately, are shown together here for illustration purposes only.

Statistical Analysis

Data were analyzed by using factorial analysis of covariance
(ANCOVA), with factors corresponding to diagnosis (two levels
representing bipolar disorder and healthy groups) and gender
(two levels representing male and female subjects) and with age
and intracranial volume as continuous covariates. Normality and
homogeneity of variances assumptions were assessed by using
residuals analysis. To explore the possible effects of comorbidity,
we repeated the ANCOVA after excluding the five subjects with
comorbid ADHD. Group variances were inversely proportional to
means and were not stabilized by transformations attempted.
Therefore, separate variance testing was performed. Testing of
pairwise comparisons was performed by using separate variance
post hoc F tests with Bonferroni correction. Asymmetry of cingu-
late cortex volumes within left and right hemispheres was ana-
lyzed by adding a repeated measures factor to the model having
two levels (corresponding to left and right hemispheres), with
age, gender, and intracranial volume as covariates. All null hy-
potheses were rejected at the 0.05 level of significance using two-
sided testing. Data are reported as unadjusted means plus or mi-
nus one standard deviation.

All analyses were conducted using SYSTAT (SPSS Science, Chi-
cago) software, version 8.
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Results

The patients with bipolar disorder did not differ signifi-
cantly from the healthy subjects in terms of age, gender,
race, or education (Table 2).

The bipolar group had significantly smaller mean gray
matter volumes relative to the healthy comparison group
for all regions studied except the right anterior cingulate
(Table 3). Analysis without the five ADHD subjects showed
the same results, with significantly smaller mean cingulate
volumes in the bipolar compared with the healthy group
for left anterior cingulate (F=223.4, df=1, 27, p<0.001), left
posterior cingulate (F=40.8, df=1, 27, p<0.001), and right
posterior cingulate (F=7.1, df=1, 27, p<0.02), but not the
right anterior cingulate (F=0.03, df=1, 27, p<0.88). The
main effect for subject gender was not statistically signifi-
cant for any region. The diagnosis-by-gender interaction
was significant only in the case of the left posterior region
(F=5.6, df=1, 31, p<0.03). Pairwise testing revealed that
healthy male subjects (mean=2.90, SD=0.09) and healthy
female subjects (mean=2.87, SD=0.08) had larger poste-
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TABLE 2. Demographic Characteristics of Bipolar Disorder
Youth and Healthy Comparison Subjects

Healthy Subjects

Bipolar Patients

Variable (N=16) (N=21) Analysis
Mean SD Mean SD t(df=35) p
Age (years) 15.5 3.4 16.9 3.8 1.2 0.26
N % N % p?
Gender 0.75
Male 8 50 12 57
Female 8 50 9 43
Race 0.62
White 15 94 18 86
Black 1 6 3 14

2 Fisher’s exact.

rior cingulate cortices than female bipolar disorder pa-
tients (mean=2.36, SD=0.32) (F=17.5, df=1, 7.8, p<0.02).

Both anterior and posterior cingulate cortices exhibited
hemispheric asymmetry, which varied as a function of di-
agnostic group and gender. For the posterior cingulate
cortex, significantly larger volumes in the left relative to
the right hemisphere were seen in both the bipolar disor-
der patients (F=39.5, df=1, 31, p<0.001) and healthy com-
parison subjects (F=155.7, df=1, 31, p<0.001) (Table 3, Fig-
ure 2). A significant group-by-hemisphere interaction
demonstrated that the interhemispheric asymmetry was
larger in the healthy comparison group (F=12.6, df=1, 31,
p<0.001). Similar findings were observed with respect to
the anterior cingulate cortex (Table 3, Figure 3). Healthy
subjects had significantly larger anterior cingulate cortex
volumes in the left compared to the right hemisphere (F=
357.5, df=1, 31, p<0.001). In contrast, patients with bipolar
disorder had larger right hemisphere anterior cingulate
volumes (F=8.3, df=1, 31, p<0.02). A significant group-by-
hemisphere interaction (F=235.0, df=1, 33, p<0.001) dem-
onstrated a larger interhemispheric asymmetry in the
healthy comparison group.

Interhemispheric asymmetry of the posterior cingulate
cortex also varied as a function of subject gender. While
significantly larger left relative to right posterior cingulate
volumes were seen in both male (F=105.7, df=1, 31,
p<0.001) and female (F=41.9, df=1, 31, p<0.001) subjects,
the interhemispheric difference was significantly larger in
the case of male subjects (mean=0.57, SD=0.17) than fe-
male subjects (mean=0.41, SD=0.32), as demonstrated by
a significant gender-by-hemisphere interaction (F=4.3,
df=1, 31, p<0.05).

Discussion

We observed significantly smaller left anterior, left pos-
terior, and right posterior cingulate cortices in children
and adolescents with bipolar disorder relative to healthy
comparison subjects. Right anterior cingulate volumes
were not significantly different between the bipolar and
healthy groups. These findings are in agreement with a
previous study conducted in adult patients with bipolar
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disorder (10) that used a similar method to ours (slice
thickness, MRI procedures), but they are not in line with
two earlier structural MRI studies that did not find signifi-
cant differences in cingulate cortex volume between adult
patients with bipolar disorder and healthy subjects (6, 7).
One of these negative studies examined adult first-epi-
sode mania patients (N=17) and used 6-mm thick coronal
slices (6). In the other study (7), the cingulate was not di-
vided into two regions of interests but instead measured
as a single anterior cingulate volume.

Although postmortem studies have reported decreased
cell density or size in the anterior cingulate in bipolar dis-
order, there is no general agreement on cell type or cortical
layer affected. Bouras et al. (22) reported significant de-
creases in neural densities and laminar thickness in layers
111, V, and VI in the subgenual part of Brodmann’s area 24
in adult patients with bipolar disorder, an area partially
encompassed by our anterior cingulate tracing. Ongur et
al. (26) also reported reduced number of glial cells in this
area in familial mood disorders. Benes and colleagues (21)
found a significant decrease in the density of nonpyrami-
dal neurons of the subgenual region of Brodmann’s area 24
only in layer II, postulating that either an early distur-
bance to the neural migration into layer II, or an excito-
toxic injury during late adolescence could explain this
finding. Our findings of smaller left anterior, left posterior,
and right posterior cingulate cortices in children and ado-
lescents with bipolar disorder are in line with these results.

Another interesting finding of our study is that patients
with bipolar disorder showed less interhemispheric asym-
metry in both the anterior and posterior cingulate cortices
relative to healthy comparison subjects. Reversals, reduc-
tions, or absence of normal cerebral asymmetries have
been reported in patients suffering from schizophrenia,
involving several structures such as occipital and frontal
lobes (27) and the cerebral ventricles (28). Yucel et al. (29)
reported a lack of leftward paracingulate sulcus asymme-
try among right-handed men with schizophrenia relative
to healthy comparison subjects. This finding was rep-
licated in another study where a lack of paracingulate
sulcus asymmetry was noted among male patients with
early-onset schizophrenia, and this was due to both the
less frequent leftward asymmetry and the more frequent
rightward asymmetry of paracingulate sulcus patterns
(30). The presence of a prominent paracingulate sulcus
could indicate a marked local connectivity within the
paralimbic cortex (Brodmann’s areas 32, 6, 8 and 9), and a
reduction in the paracingulate sulcus could be the conse-
quence of weaker local connectivity in these areas. The re-
duction in normal hemispheric asymmetries may mark a
neurodevelopmental risk factor for major mental illnesses
and support the psychotic “continuum” hypothesis (31).

In support of this psychotic “continuum” that would in-
clude schizophrenia, schizoaffective disorder, and both
unipolar and bipolar affective psychoses, the cingulate
cortex is shown to play an important role in the patho-
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TABLE 3. Cingulate Cortex Volumes of Bipolar Disorder Youth and Healthy Comparison Subjects?

Volume (cm>3)

Bipolar Patients

Healthy Subjects

Hemisphere and (N=16) (N=21) Analysis of Covariance
Cingulate Region Mean SD Mean SD F df p
Left
Anterior 2.49 0.28 3.60 0.12 200.1 1,19.4 <0.001
Posterior 2.53 0.32 2.89 0.09 17.6 1,16.8 <0.001
Right
Anterior 2.64 0.21 2.71 0.10 0.5 1,19.8 0.50
Posterior 2.19 0.13 2.28 0.08 5.8 1,225 0.03

a Separate variance testing was performed with age and gender as covariates. Denominator degrees of freedom were adjusted for heteroge-
neity of variances using Welch’s method. Unadjusted means and standard deviations are shown.

FIGURE 2. Posterior Cingulate Volume in Bipolar Disorder
Youth and Healthy Comparison Subjects

I Left
I Right

Mean (£SD) Posterior
Cingulate Volume (cm3)
N

Healthy Comparison
Subjects (N=21)

Bipolar
Patients (N=16)

physiology of schizophrenia (20, 21). Three anatomical
MRI studies examining schizophrenia patients have
shown bilateral (32), left (25), and right-sided (33) reduc-
tion in anterior cingulate volumes, while three others did
not show significant abnormalities (34-36).

In interpreting these abnormalities, some particular lim-
itations should be considered. Our study group size was
relatively small and mostly comprised patients who were
being treated with mood stabilizers (lithium or valproate),
antidepressants, and antipsychotics. Thus, we were not
able to conclusively ascertain whether smaller cingulate
volumes might be related to illness duration, severity, or
medication effects. Sassi et al. (10) suggested that lithium
treatment might influence gray matter volumes in patients
with bipolar disorder, either by preventing a disease-re-
lated atrophy or by reversing some preexisting abnormali-
ties. However, we were not able to do further analysis of the
effects of lithium in our present study, since very few pa-
tients were untreated or receiving lithium monotherapy.
Nonetheless, in our prior study with adult patients with bi-
polar disorder (10), our group demonstrated that cingulate
gray matter abnormalities were present in untreated bipo-
lar individuals, suggesting that such changes are not due to
medication effects. Another limitation of our study is the
presence of comorbid psychiatric conditions among our
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FIGURE 3. Anterior Cingulate Volume in Bipolar Disorder
Youth and Healthy Comparison Subjects

B Left
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Cingulate Volume (cm3)
N w

-

Healthy Comparison
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Bipolar
Patients (N=16)

bipolar subjects, particularly attention deficit hyperactivity
disorder (ADHD). These conditions limit our ability to
draw specific conclusions concerning the association of
the observed cingulate abnormalities and bipolar disorder.
However, exclusion of subjects with comorbid ADHD did
not materially alter the results. With regard to gender dif-
ferences, the results reported here relied on small samples
and should be considered tentative.

It is clear from a wealth of neuropsychological, neu-
roanatomical, and functional imaging data that abnor-
malities in the anterior cingulate play a role in pathophys-
iology of mood disorders (37). This is also consistent with
the increasingly sophisticated models of psychopathology
that place the cingulate at the interface of emotion, cogni-
tion, drive, and motor control (38-40). Abnormalities of
the anterior cingulate were also reported in obsessive-
compulsive disorder (41), autism (42), and posttraumatic
stress disorder (43).

In conclusion, we found decreased cingulate volumes in
children and adolescents with bipolar disorder. Because
such changes are already present early in illness course,
they could possibly be related to abnormalities in the neu-
rodevelopment of structures that play a key role in the
pathophysiology of this illness. Alternatively, they may be
more characteristic of the early-onset, mostly familial bi-
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polar group included in this study, which probably consti-
tutes a more biologically loaded subgroup. Longitudinal
studies with larger numbers of patients are needed to un-
derstand the time course of cingulate abnormalities in bi-
polar disorder, their relationship with illness symptoms
and medication response, and the specificity of such find-
ings for the mechanisms potentially involved in bipolar
mood disorders.
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