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Abstract
Imaging studies indicate smaller orbitofrontal cortex (OFC) volume in mood disorder patients
compared with healthy subjects. We sought to determine whether child and adolescent patients
with bipolar disorder have smaller OFC volumes than healthy controls. Fourteen children and
adolescents meeting DSM-IV criteria for bipolar disorder (six males and eight females with a
mean age ± S.D. = 15.5 ± 3.2 years) and 20 healthy controls (11 males and nine females with
mean age ± S.D. = 16.9 ± 3.8 years) were studied. Orbitofrontal cortex volume was measured
using magnetic resonance imaging. Male bipolar patients had smaller gray matter volumes in
medial (p = 0.044), right medial (0.037) and right (p = 0.032) lateral OFC subdivisions compared
to male controls. In contrast, female patients had larger gray matter volumes in left (p = 0.03),
lateral (p = 0.012), left lateral (p = 0.007), and trends for larger volumes in right lateral and left
medial OFC subdivisions compared with female controls. Male patients exhibit smaller gray
matter volumes, while female patients exhibit larger volumes in some OFC sub-regions. Gender
differences in OFC abnormalities may be involved in illness pathophysiology among young
bipolar patients.
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Orbitofrontal cortex (OFC) consists of the ventral-most regions of the prefrontal cortex,
extending from the anterior perforated substance, posteriorly, to the frontal pole, anteriorly.
The OFC is implicated in such neuropsychological functions as impulse control, stimulus-
reward association, mood regulation, and reward-guided behavior [16]. Structural and
functional OFC abnormalities have been reported in patients with major depressive disorder
(MDD), and these abnormalities could participate in the pathophysiology of mood disorders
[7,19,20]. Magnetic resonance imaging studies have shown smaller OFC volumes in patients
with MDD compared with healthy controls [4,11,12]. MDD patients have smaller gray
matter volumes in right medial and left lateral OFC subdivisions; whereas male, but not
female patients exhibit smaller left and right medial OFC volumes compared with healthy
controls [11]. Bilateral reductions of OFC volumes are also reported in patients with MDD
compared with healthy subjects [4,12]. Also, increased lesion density in OFC white matter
was reported in elderly MDD patients [12]. Moreover, functional neuroimaging studies
showed abnormally increased OFC regional cerebral blood flow in medicated MDD patients
[3,6]. With respect to bipolar disorder, a voxel-based morphometry study [21] demonstrated
smaller gray matter OFC volumes in bipolar adolescents compared to healthy controls.
Taken together these studies provide several lines of evidence linking OFC abnormalities to
the pathophysiology of mood disorders.

No neuroimaging studies utilizing a region-of-interest approach have examined OFC
volumes in patients with bipolar disorder. The purpose of this study was to investigate
possible structural abnormalities of the OFC and its subdivisions in child and adolescent
bipolar disorder patients compared to healthy controls. Based on the previous findings in
mood disorder patients, we hypothesized smaller OFC volumes in child and adolescent
bipolar individuals.

Fourteen children and adolescents (mean age ± S.D. = 15.5 ± 3.2 years, age range = 10–21
years; six males and eight females; 14 Caucasian; 11 bipolar type I, 2 bipolar type II, 1
bipolar NOS; 12 right handed) diagnosed with DSM-IV bipolar disorder were studied.
Twelve patients were euthymic and two were depressed at the time of the study. The
patients had mean illness duration of 3.6 years, and the mean age at onset was 11.9 years.
Ten patients were receiving treatment for bipolar disorder (six on lithium, one on valproate,
and three on lithium and valproate). Twenty healthy controls (mean age ± S.D. = 17 ± 3.9
years, range: 10–21 years, 11 males and nine females; 19 right handed) were recruited.
Healthy controls were excluded if they had any DSM-IV axis I disorders, any first degree
relatives with a history of psychiatric disorders, or any current serious medical problem.
Psychiatric diagnoses were determined through the schedule for affective disorders and
schizophrenia for school-age children- present and life version [9], for Children up to 17-
years-old, or the structural clinical interview for DSM-IV (American Psychiatric
Association, 1994), for subjects of 18-year-old or older. The pubertal development of all
subjects was measured using the Petersen pubertal development scale [15]. Written
informed consent was obtained from all study participants and their guardians for the
subjects younger than 18 years, following complete study description. The study protocol
was approved by the University of Pittsburgh Institutional Review Board and conforms with
The Code of Ethics of the World Medical Association (Declaration of Helsinki).

MRI scans were acquired using a 1.5T GE Signa Imaging System running version Signa
5.4.3 (General Electric Medical Systems, Milwaukee, WI) software. One hundred and
twenty-four images of the whole brain were acquired with a 3D-gradient echo imaging by
spoiled gradient recalled acquisition in the coronal plane, with 1.5 mm thick slices. A single
trained rater, who achieved intraclass correlation coefficients >0.95, did all anatomical
measurements, with subjects’ identity and diagnosis masked, with BRAINS2 software,
developed at the University of Iowa Hospitals and Clinics [2]. The OFC and its subdivisions
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were traced manually in the coronal plane. The tip of the genu of the corpus callosum, as
determined in the sagittal plane, was used as the posterior boundary. The OFC tracing ended
at the most anterior coronal slice where brain could be identified. The superior border was
divided into two parts: for the subgenual regions, the superior boundary was represented by
a midpoint on the interhempispheric fissure 5 mm below the intercommissural line; a
midpoint on the intercommissural line served as the superior boundary for all slices anterior
to the corpus callosum. The geometric method and validation are described elsewhere [10].
Intra-cranial volume was manually traced in the coronal plane and measured by a well
trained rater who achieved high inter-rater reliability (intraclass correlation coefficients
>0.97). Intra-cranial volume measurements included total cerebral gray and white matter,
cerebrospinal fluid, dura matter and sinuses.

Data were analyzed using analysis of covariance (SPSS, Inc., Chicago, IL) with gender and
diagnostic group as factors and age and intra-cranial volume as covariates. Groups were
compared with respect to demographic (age, ethnicity and handedness) and clinical variables
(listed in Table 1), using the Fisher exact test and Mann–Whitney U-test. Association
between sub-regional volumes and selected demographic and clinical variables were
assessed using Pearson and Spearman rank order correlation methods. Two-sided p-values
less than 0.05 were considered statistically significant.

Bipolar patients and healthy controls did not differ significantly on age, gender or race.
Regarding clinical characteristics, no significant differences were observed between males
and females, except for pubertal development, where females were more advanced (see
Table 1). We first analyzed only the data collected from the subjects less than 19-year-old
(bipolars n = 12; controls n = 11) and then repeated the analysis using the entire sample.
These two analyses yielded uniformly similar results, and so we report here only the results
for the entire sample. The main effect for diagnostic group was not statistically significant
for any OFC subregion; however, the group by gender interaction effect was significant for
right, left, medial, right medial, lateral and left lateral. Simple effects analysis was used to
examine males and females separately following significant group by gender interactions.
Female patients showed larger gray matter volumes in left, lateral and left lateral regions
compared with female controls, and female patients showed trends for larger volumes in
right lateral and medial left regions (see Table 2 and Fig. 1). In contrast, male patients
exhibited smaller volumes in medial, right medial and right lateral OFC subdivisions
compared to male controls (see Table 2 and Fig. 1). No significant association was found
between OFC measurements and treatment status, length of illness, age at onset, current
mood state, or family psychiatric history in either male or female patients.

Our findings of smaller medial, right medial and right lateral OFC gray matter volumes in
male patients compared to male controls, and larger volumes in left, lateral, and left lateral
sub-regions of female patients compared to female controls are consistent with previous
studies showing different neuroanatomic abnormalities in men and women with different
psychiatric diagnoses [5,8,17]. Smaller left and right medial OFC gray matter volumes were
reported in adult male MDD patients compared with controls, but no differences were found
for female patients [7].

In a previous study using a voxel-based approach [21], adolescent bipolar patients had
smaller OFC volumes compared to healthy controls, but the authors did not analyze gender
separately; this may explain the discrepancies with our findings. Our results could also be
related to human and animal studies indicating potential neuroprotective effects from
estrogens [1,13,18], and increased vulnerability to neurotoxic processes caused by
testosterone [14]. The larger gray matter volumes we found in female patients may be the
result of neuroprotective effects from estrogens, and the smaller gray matter volumes found
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in our male patients may be caused by brain mechanisms involved in increased vulnerability
to bipolar disorder. Nevertheless the neuroprotective effect of estrogens may not explain
why the lateral OFC in females with bipolar disorder is larger than that of controls. Perhaps
alternative explanations such as pathological hyperactivity in these brain regions leading to
volume increases may be worth considering. In summary, our results suggest that gender
differences in OFC abnormalities could be involved in illness pathophysiology among
young bipolar patients.
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Fig. 1.
Gray matter volumes (cm3) of selected OFC regions as a function of diagnosis and gender.
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Table 1

Demographics and clinical features of BP subjects

BP males (n = 6) BP females (n = 8) All BP (n = 14)

Clinical factors

 Age at onset (years) 10.7 (5.1) 12.7 (2.9) 11.8 (4)

 Illness duration (years) 4 (1.6) 3.4 (2.9) 3.6 (2.4)

 Number of episodes (Mean ± S.D.) 3.2 (2) 5.1 (2.3) 4.3 (2.3)

 BP type I, n (%) 5 (83.3) 6 (75) 11 (78.5)

 Family psychiatric history 6 7 13

 Petersen pubertal scale scores, post-pubertal, (Mean ± S.D.) 3 ± 1 4.1 ± .8a 3.6 ± 1.4

a
Females were significantly more mature than males (p < 0.05).
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Table 2

Orbitofrontal cortex gray matter volumes in bipolar disorder patients and healthy subjects

Gray matter volumes (cm3) (Mean ± S.D.)

Males F p*

Patients (n = 6) Controls (n = 11)

Region

 Total OFC 18.35 ± 4.09 19.76 ± 3.14 1.44 0.24

 Right 9.48 ± 2.62 10.46 ± 1.82 2.1 0.16

 Left 8.99 ± 1.65 9.44 ± 1.73 0.56 0.46

 Mediala 6.62 ± 2.03 7.97 ± 0.78 4.46 0.04

 Right medial 3.43 ± 1.14 4.17 ± 0.47 4.79 0.04

 Left medial 3.65 ± 0.98 3.89 ± 0.42 0.55 0.46

 Lateralb 5.41 ± 0.54 6.46 ± 1.52 2.89 0.10

 Right lateral 2.79 ± 0.55 3.42 ± 0.54 5.11 0.03

 Left lateral 2.62 ± 0.43 3.04 ± 1.05 0.99 0.33

Females

Patients (n = 8) Controls (n = 9)

Region

 Total OFC 18.35 ± 3.36 14.18 ± 4.33 2.84 0.10

 Right 9.70 ± 2.01 7.76 ± 2.66 1.14 0.30

 Left 8.82 ± 1.47 6.54 ± 1.81 5.22 0.03

 Mediala 7.73 ± 1.55 6.13 ± 1.56 3.13 0.09

 Right medial 4.18 ± 0.81 3.32 ± 0.90 2.5 0.13

 Left medial 3.56 ± 0.78 2.82 ± 0.72 3.45 0.07

 Lateralb 6.3 ± 1.38 4.33 ± 1.24 7.2 0.01

 Right lateral 3.16 ± 0.69 2.4 ± 0.75 3.45 0.07

 Left lateral 3.13 ± 0.79 1.92 ± 0.53 8.51 0.007

*
The p-values shown are uncorrected for multiple comparisons. Only the difference for left lateral OFC volume in females is significant at the p <

0.05 level after Bonferroni correction. All F-tests were based on 1 and 28 degrees of freedom.

a
Medial = right medial + left medial.

b
Lateral = right lateral + left lateral.
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