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Abstract

Structural magnetic resonance imaging (MRI) studies reported gray matter (GM) loss in bipolar disorder (BD) in cingulate
cortices, key regions subserving emotional regulation and cognitive functions in humans. The aim of this study was to further
explore cingulate GM volumes in a sizeable group of BD patients with respect to healthy controls, particularly investigat-
ing the impact of gender and clinical variables. 39 BD patients (mean Age=48.6+ 9.7, 15 males and 24 females) and 39
demographically matched healthy subjects (mean Age=47.9+9.1, 15 males and 24 females) underwent a 1.5T MRI scan.
GM volumes within the cingulate cortex were manually detected, including anterior and posterior regions. BD patients had
decreased left anterior cingulate volumes compared with healthy controls (F=6.7, p=0.01). Additionally, a significant
gender effect was observed, with male patients showing reduced left anterior cingulate cortex (ACC) volumes compared to
healthy controls (F=5.1, p=0.03). Furthermore, a significant inverse correlation between right ACC volumes and number
of hospitalizations were found in the whole group of BD patients (r=— 0.51, p=0.04) and in male BD patients (r=— 0.88,
p=0.04). Finally, no statistically significant correlations were observed in female BD patients. Our findings further confirm
the putative role of the ACC in the pathophysiology of BD. Interestingly, this study also suggested the presence of gender-
specific GM volume reductions in ACC in BD, which may also be associated to poor outcome.
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Introduction

Bipolar disorder (BD) is defined as a chronic disease affect-
ing around 3% of the population worldwide [1] with the
peak age of onset in adolescence and early adult life [2].
Its neurobiology has been widely investigated by several
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magnetic resonance imaging (MRI) studies, which identified
selective structural and functional abnormalities in specific
brain areas involved in emotional and cognitive processing
[3-8], with specific regards to the cingulate cortex [9-11].
The cingulate cortex is part of the limbic system, which can
be divided into an anterior and a posterior region, subserv-
ing cognitive and affective processing, respectively [9, 12,
13]. Interestingly, although the majority of the MRI studies
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showed gray matter (GM) volume reductions in the cingu-
late cortex in BD compared to healthy controls, the side
of these abnormalities is still not well elucidated. Indeed,
some studies suggested a volumetric reduction in right or
bilateral anterior cingulate cortex (ACC) [14—16] while oth-
ers found a reduction in left or bilateral posterior cingulate
cortex [16-21].

Furthermore, gender might play an important role not
only in the clinical presentation of BD [22] but possibly also
in its structural and functional underpinnings [23]. Indeed, it
has been suggested that women had increased risk to develop
BD type II disorder and are more likely to have depressive
episodes than man [22, 24]. Also, from a neurobiological
prospective, it has been reported that women had higher
percentage of gray and white matter volumes compared to
men [25].

As per the cingulate cortex, two independent investiga-
tions showed significant gender effects in this region in BD,
with, however, opposite results. Indeed, while Lochhead
et al. [20] showed reduced GM volumes in male BD patients,
Fornito et al. [26] reported increased thickness in the same
group of BD patients. Interestingly, recent meta-analyses
also suggested that GM reductions in cingulate cortex (and
insula) were more extensive in both male BD patients and
patients with schizophrenia [27, 28].

Finally, some evidence also reported that illness severity
might have a putative role in cingulate cortex dysfunctions in
BD patients. In particular, Min-Seong Koo et al. [29] showed
a progression of GM volume deficits in the subgenual cingu-
late in patients with first episode affective psychosis, after
a follow-up of approximately 18 months. Also Doris et al.
[29] found an abnormal reduction of GM density, mainly in

fronto-limbic cortex, and particularly in cingulate cortex, in
poor outcome BD patients compared to healthy controls. In
contrast, other MRI studies found that the reduction of GM
volumes within the cingulate cortex were already present at
the onset of BD [29-32]. Therefore, based on this evidence,
it seems still not clear whether cingulate cortex abnormali-
ties are a state or a trait marker of BD.

In conclusion, based on this evidence, this study aimed to
investigate GM volume alterations within the anterior and
posterior subdivisions of the cingulate cortex in a group of
BD patients and age- and gender-matched healthy controls.
Also, we further explored the putative role of gender and
illness severity on GM alteration in the cingulate cortex.

We hypothesize that BD patients, and especially male
patients, would have a significant reduction in GM volumes
in the cingulate cortex compared to healthy controls and
also that these alterations would be significantly associated
with clinical measures evaluating the severity of the illness.

Methods
Participants

Thirty-nine BD patients with a DSM-IV diagnosis and 39,
1:1 age-, gender-, and race-matched, healthy controls were
recruited (Tables 1, 2). They were being treated by the South
Verona Community-based Mental Health Service (CMHS)
and by other clinics reporting to the South-Verona Psychi-
atric Case Register (PCR) [33]. Diagnoses for BD were
obtained using the Item Group Checklist of the Schedule
for Clinical Assessment in Neuropsychiatry (IGC-SCAN)

Table 1 Socio-demographic and

o - Healthy controls BD patients (n=39) Statistics P
clinical characteristics of the (n=39)
two samples
Age 47.9+9.1 48.6+9.7 t=—0.33 0.74
Gender (male/female) 15724 15724 )(2 =0.00 1.00
Race Caucasian Caucasian
Age of onset (years) - 31.8+12.0
Duration of illness (years) - 159+10.2
Duration of antipsychotic therapy — 15.3+9.5
(years)
Number of hospitalization - 4.4+4.7
Total mean BPRS scores - 31.2+6.2
Anxiety/depression (BPRS) - 9.7+3.7
Negative symptoms (BPRS) - 77+14
Positive symptoms (BPRS) - 6.4+2.5
Mania (BPRS) - 10.6+1.8
BRMRS - 25+4.5
HDRS (21 item) - 7.5+9.0

BD Bipolar Disorder, BPRSBrief Psychiatric Rating Scale, BRMRS Bech—Rafaelsen Mania Rating Scale,
HDRS Hamilton Depression Rating Scale
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Table 2 Socio-demographic and

o . Male BD patients Female BD patients ~ Statistics P

clinical characterls.tlcs of male (n=15) (n=24)

and female BD patients
Age 51.6+9.4 46.8+9.7 r=—15 0.1
Race Caucasian Caucasian
Age of onset (years) 37.3+12.5 28.6+10.7 t=—2.1 0.03
Duration of illness (years) 12.7+8.8 17.9+10.8 t=1.4 0.1
Duration of antipsychotic therapy =~ 12.3+12.1 17.1+7.8 t=0.96 0.3

(years)

Number of hospitalization 2.7+2.9 55+£54 t=1.8 0.07
Total mean BPRS scores 289+5.4 32.7+6.3 t=1.8 0.06
Anxiety/depression (BPRS) 83+2.1 10.6+4.3 =138 0.06
Negative symptoms (BPRS) 7.6+1.2 79+1.5 t=0.6 0.5
Positive symptoms (BPRS) 62+2.38 6.5+2.3 =04 0.6
Mania (BPRS) 10.0+1.6 11.1+1.8 =18 0.06
BRMRS 1.6+2.2 3.0£55 t=0.9 0.3
HDRS (21 item) 42432 10.0+11.0 =19 0.06

BD Bipolar Disorder, BPRS Brief Psychiatric Rating Scale, BRMRS Bech—Rafaelsen Mania Rating Scale,
HDRS Hamilton Depression Rating Scale

and confirmed by the clinical consensus of two staff psy-
chiatrists. The IGC-SCAN was performed by two trained
research clinical psychologists with extensive experience in
the procedure. We ensured the reliability of the IGC-SCAN
diagnoses by holding regular consensus meetings with the
psychiatrists treating the patients and a senior investigator.
Patients with co-morbid psychiatric disorders, alcohol or
substance abuse within the 6 months preceding the study,
history of traumatic head injury with loss of consciousness
(over 15 min), epilepsy or other neurological diseases were
excluded. All but nine patients were receiving antipsychotic
medications at the time of scanning and 14 patients were
treated with Lithium (currently or in the past). Patients’
clinical information was retrieved from psychiatric inter-
views, the attending psychiatrist and medical charts. Clinical
symptoms were assessed using the Brief Psychiatric Rating
Scale (BPRS 24-item version). Finally, the Client Socio-
Demographic and Service Receipt Inventory—European
Version (CSSRI-EU), a standardized Europe-wide vali-
dated instrument to evaluate health-service utilization and
medication use for the domain of mental health care and the
World Health Organization-Disability Assessment Schedule
(WHO-DAS), a 12-item to evaluate difficulties due to health
conditions, were administered.

Healthy controls had no DSM-IV axis I disorders as
determined by either the SCID non-patient version [34] and
they had to be 18-65 years of age with no history of or
current psychiatric, neurologic, or substance-related disor-
der. Exclusion criteria were history of any axis I psychiatric
disorder in first-degree relatives and any current medical
problems.

All participants provided signed informed consent, after
having understood all issues involved in participation in the

research. The research was approved by the biomedical Eth-
ics Committee of the Azienda Ospedaliera of Verona.

Acquisition parameters

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,
explorative sagittal scout series T1-weighted spin-echo
(SE) (N sections=18, TR =250 ms, TE=14 ms, flip
angle =900, FOV =230 X% 230, slice thickness=5 mm,
matrix size=384x512, NEX =2, ¢ acquisition =2 min
52 s) was obtained 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 T1-weighted sagittal scout image. A
double echo-spin sequence was used to obtain a proton
density and T2-weighted image turbo spin-echo (TSE)
(N sections =202, TR =2500 ms, TE=24/121 ms, flip
angle = 180°, FOV =230 x 230, slice thickness=35 mm,
matrix size=410x512, NEX =2, turbo factor=35, ¢ acqui-
sition=3 min 25 s) in the axial plane to exclude the pres-
ence of focal lesions. A subsequent structural MRI anal-
ysis was performed on 3D MultiPlanar Recontruction
(MPR) T1 coronal acquisitions, in Charcot plane (N sec-
tions = 144, TR =2060 ms, TE =3.9 ms, flip angle=15°,
FOV =176 %235 mm, slice thickness =1.25 mm, matrix
size=270%x512, TI=1100, NEX =1, ¢ acquisition =5 min
23 s). All anatomical measurements were conducted on a
Dell PC workstation (Dell Computers, Austin, Tex.) using
the semi-automated software Scion Image Beta-3 b for Win-
dows (Scion Corporation, Inc., Frederick, Md.).
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Delimitation of regions of interest
within the cingulate cortex

Based on the evidence suggesting the key role of cingu-
late cortex in the pathophysiology of BD, due to its role
in integrating cognitive and emotional functions [35], a
region of interest (ROI) approach was employed. Specifi-
cally, in the T1-weighted images, ROIs were manually
traced and placed, bilaterally, using BRAINS2 software
developed at the University of Iowa, by a single operator
blind to subjects’ identity and to the other variables of the
study (C.P.) (Fig. 1). Intra-class correlation coefficients
(ICCs) higher than 0.90 for all the ROIs were obtained by

Fig. 1 Manual tracing of the
cingulate cortex in coronal
(a—d), sagittal (e) and axial (f)
axes

@ Springer

two raters (C.P. and M.B.) blindly tracing 10 randomly
selected scans.

The way the cingulate cortex was delimited has been
already described in Kaur et al. [18]. Briefly, the cingulate
was divided into four sections, anterior and posterior, right
and left. We measured each section separately. All tracings
of the cingulate were done in the coronal view and were
measured using manual tracing to confirm structural altera-
tions. The first slice traced was two slices anterior to the final
slice where the genu was visible. Tracing was continued
until the anterior commissure was apparent, and this marked
the posterior limit of the ACC. The subsequent slice marked
the anterior border of the posterior cingulate. The final slice
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measured was the one where the cerebral aqueduct appeared
within the pons. Cingulate cortex tracing was done for GM

only. The volumes of all ROIs were expressed in cm?.

Statistical analyses

All analyses were conducted using SPSS software (SPSS
Inc, Chicago). All null hypotheses were rejected at the 0.05
level of significance using two-sided testing. Data were
analyzed using factorial analysis of covariance (ANCOVA)
to explore group and gender differences in cingulate cortex
volumes in BD patients vs healthy controls, with total intra-
cranial volumes (ICV) as continuous covariate. Finally, to
investigate the possible effects of age and other clinical vari-
ables on cingulate cortex volumes, partial correlations with
ICV as controlling variable were calculated.

Results

The analysis within the whole sample showed a significantly
smaller GM volumes in left ACC in BD patients compared
to healthy controls (F=6.7, p=0.01) (Table 3). After strati-
fying the sample by gender we found that only male BD
patients showed the same statistically significant reduction
in left ACC compared to male healthy controls (F=5.1,
p=0.03) (Table 3). No differences in any other GM volumes
within the cingulate cortex as well as no group by gender or
group by gender by hemisphere interactions in any regions
of the cingulate cortex were observed (all p > 0.05).
Moreover, in the whole group of BD patients, no statisti-
cally significant correlation was found between left (ACC:

r=0.17, p=0.1; posterior cingulate cortex [PCC]: r=0.18,
p=0.1) or right (ACC: r=0.10, p=0.8; PCC: r=— 0.008,
p=0.9) cingulate cortex and age. Moreover, left or right
cingulate cortex did not correlate with any clinical vari-
ables, including duration of illness (left ACC: r=— 0.33,
p=0.2; right ACC: r=— 0.44, p=0.09; left PCC: r=0.15,
p=0.5; right PCC: r=0.02, p=0.9), age of onset (left ACC:
r=0.12, p=0.6; right ACC: r=0.44, p=0.09; left PCC:
r=0.04, p=0.8; right PCC: r=- 0.02, p=0.9), duration
of antipsychotic therapy (left ACC: r=— 0.29, p=0.3;
right ACC: r=— 0.20, p=0.4; left PCC: r=0.32, p=0.2;
right PCC: r=0.15, p=0.5), BPRS (left ACC: r=-— 0.09,
p=0.7; right ACC: r=—0.01, p=0.9; left PCC: r=—0.85,
p=0.7; right PCC: r=0.49, p=0.6), BRMRS (left ACC:
r=—0.11, p=0.9; right ACC: r=0.14, p=0.6; left PCC:
r=0.49, p=0.06; right PCC: r=0.44, p=0.09), and HDRS
(left ACC: r=0.16, p=0.6; right ACC: r=— 0.27, p=0.3;
left PCC: r=-0.30, p=0.2; right PCC: r=— 0.06, p=0.8)
scores, with the exception of number of hospitalizations,
which statistically significant correlated with right ACC
(r=-0.51, p=0.04).

Similarly, in male BD patients, no statistically significant
correlation was found between left (ACC: r=0.63, p=0.2;
PCC: r=0.30, p=0.6) or right (ACC: r=0.75, p=0.1; PCC:
r=—0.07, p=0.9) cingulate cortex and age. Moreover, left
or right cingulate cortex did not correlate with any clinical
variables, including duration of illness (left ACC: r=— 0.32,
p=0.6; right ACC: r=—0.60, p=0.2; left PCC: r=—0.31,
p=0.6; right PCC: r=—- 0.69, p=0.1), age of onset (left
ACC: r=0.54, p=0.3; right ACC: r=0.84, p=0.07; left
PCC: r=0.40, p=0.5; right PCC: r=0.56, p=0.3), dura-
tion of antipsychotic therapy (left ACC: r=— 0.32, p=0.6;

Table 3 Region of interest

S . Healthy controls BD patients Statistics P Effect size
volumes within the cingulate
cortex in the sample paired by Whole sample n=39 n=39
gender and age Left anterior cingulate ~ 2.840.64 254048  F=67  0.01* Cohen’s d=0.53
Right anterior cingulate 2.8+0.72 2.6+0.73 F=0.7 0.39 Cohen’s d=0.27
Left posterior cingulate 2.5+0.38 2.4+0.40 F=03 0.54 Cohen’s d=0.25
Right posterior cingulate ~ 2.4+0.49 2.4+0.33 F=04 0.50 Cohen’s d=0.00
Females n=24 n=24
Left anterior cingulate 2.7+0.67 2.4+0.43 F=22 0.14 Cohen’s d=0.53
Right anterior cingulate 2.7+0.60 2.5+0.62 F=038 0.36 Cohen’s d=0.32
Left posterior cingulate 2.4+0.35 23+0.26 F=21 0.14 Cohen’s d=0.32
Right posterior cingulate ~ 2.3+0.46 23+0.31 F=0.06 0.79 Cohen’s d=0.00
Males n=15 n=15
Left anterior cingulate 2.9+0.59 2.5+0.56 F=5.1 0.03*  Cohen’s d=0.69
Right anterior cingulate 2.9+0.88 2.9+0.85 F=0.001 097 Cohen’s d=0.00
Left posterior cingulate 2.5+0.42 2.7+0.47 F=0.21 0.64 Cohen’s d=0.35
Right posterior cingulate ~ 2.5+0.54 2.6+0.29 F=0.7 0.40 Cohen’s d=0.23

BD Bipolar Disorder

*Statistically significant result
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right ACC: r=-0.60, p=0.2; left PCC: r=—0.31, p=0.6;
right PCC: r=-0.69, p=0.1), BPRS (left ACC: r=—- 0.28,
p=0.6; right ACC: r=0.17, p=0.7; left PCC: r=— 0.29,
p=0.6; right PCC: r=0.84, p=0.07), BRMRS (left ACC:
r=-—0.52, p=0.3; right ACC: r=-0.24, p=0.6; left PCC:
r=—0.69, p=0.1; right PCC: r=0.37, p=0.5), and HDRS
(left ACC: r=0.06, p=0.9; right ACC: r=—0.17, p=0.7,
left PCC: r=0.57, p=0.3; right PCC: r=0.11, p=0.8)
scores, with the exception of number of hospitalizations,
which statistically significant correlated with right ACC
(r=—0.88, p=0.04).

Finally, no statistically significant correlations were
observed in female BD patients. Specifically, left (ACC:
r=—0.51, p=0.1; PCC: r=0.10, p=0.7) or right (ACC:
r=- 010, p=0.7; PCC: r=— 0.17, p=0.7) cingulate cor-
tex did not significant correlated with age. Additionally, left
or right cingulate cortex did not correlate with any clinical
variables, including duration of illness (left ACC: r=— 0.46,
p=0.2; right ACC: r=- 0.32, p=0.3; left PCC: r=0.25,
p=0.5; right PCC: r=- 0.16, p=0.6), age of onset (left
ACC: r=-0.10, p=0.7; right ACC: r=0.21, p=0.5; left
PCC: r=-0.13, p=0.7; right PCC: r=- 0.30, p=0.4),
duration of antipsychotic therapy (left ACC: r=— 0.20,
p=0.6; right ACC: r=0.63, p=0.06; left PCC: r=0.38,
p=0.3; right PCC: r=0.50, p=0.1), number of hospitali-
zations (left ACC: r=0.23, p=0.5; right ACC: r=—- 0.44,
p=0.2; left PCC: r=0.01, p=0.9; right PCC: r=0.22,
p=0.5), BPRS (left ACC: r=0.20, p=0.6; right ACC:
r=—0.18, p=0.6; left PCC: r=0.09, p=0.8; right PCC:
r=0.50, p=0.1), BRMRS (left ACC: r=- 0.02, p=0.9;
right ACC: r=0.31, p=0.4; left PCC: r=— 0.64, p=0.6;
right PCC: r=0.51, p=0.1), and HDRS (left ACC: r=0.30,
p=0.4; right ACC: r=—0.43, p=0.2; left PCC: r=—0.29,
p=0.4; right PCC: r=0.10, p=0.7) scores.

Discussion

GM volume alteration in left ACC: a biological
marker of bipolar disorder?

Our results showed significant GM volume reductions in
left ACC in BD patients compared to healthy controls. In
general, the involvement of ACC in the regulation of emo-
tion and executive functions has been widely demonstrated
[36, 37] Therefore, it is not surprising that our results are in
line with previous evidence showing GM volume reduction
in the ACC in BD [3, 38-40] even at the onset of the disease
[15, 18, 41-43]. In this direction, postmortem assessments
of ACC tissue confirmed the reduction of GM volumes in
BD and revealed that this abnormality could be associated
with a reduction in glia, with no equivalent loss of neurons
[38].

@ Springer

Furthermore, the left-sided deficit in the ACC observed
in our study is in line with previous structural MRI studies
[9, 16, 17, 44—46]. It has been hypothesized that left ACC
abnormalities are linked to the cognitive decline and to the
disrupted emotional processing often observed in BD [45,
47-49], based on the role of left hemisphere on rational,
verbal and analytical performances in humans [50].

After stratifying the sample by gender, we confirmed the
GM volume reduction in left ACC only in male BD patients
compared to male healthy controls. Also in this case, our
study is in agreement with the evidence reporting gender-
related differences in BD in specific brain regions, including
fronto-insular cortex and lateral ventricles [51-53]. How-
ever, although gender-related differences between males and
females in cingulate cortex has been shown in healthy indi-
viduals [25, 54], evidence for gender differences in cingu-
late cortex in BD is still scarce. Nonetheless, our results are
partially in line with two MRI studies reporting a significant
GM volume reduction in left ACC [20] as well increased
thickness in subcallosal cingulate cortex [26] in males BD
patients. Finally, although our results did not show any sig-
nificant group by gender or group by gender by hemisphere
interaction, it might be the case that the group differences
observed in left ACC could have been driven mostly by
males. This is plausible because it has been reported that
male patients have a worse manifestation of the illness, with
earlier onset and more manic episodes [55], which might,
therefore, predispose to more neurodegenerative events
[56, 57]. Nonetheless, future studies with larger samples
are needed to better clarify the involvement of the cingulate
cortex in the pathophysiology of BD.

Correlation between ACC alterations and clinical
variables

In our study, we found an inverse correlation between
right ACC volumes and number of hospitalizations in BD
patients, especially in males. In this context, our result seems
to be in line with a previous study on poor outcome bipolar
illness [28]. Indeed, the authors found a significant reduction
of cingulate GM density in poor outcome BD patients with
a high mean number of hospital admissions. Since, in gen-
eral, it has been reported that hospitalizations correlate with
higher number of episodes, longer duration of illness and a
worse prognosis in BD [57-61], they may be associated to
poor prognosis as well as to cingulate shrinkage.

Limitations

These results should be considered in light of few major lim-
itations. First, our study group was relatively small although
comparable with most of the prior studies, limiting the
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power of our analyses. Indeed, the relatively small sample
size did not allow the correction for multiple comparisons
for the analyses where we stratified the sample by gender,
which must be, therefore, considered as exploratory. There-
fore, further studies on larger samples are warranted to cor-
roborate the specificity of GM reductions in the ACC found
in our group of males BD patients. Second, patients were
chronically treated, which did not allow us to fully exclude
the impact of medication or chronicity on cingulate volumes.
However, no significant effects of duration of treatment and
length of illness were reported on volume measures. Finally,
the small sample size employed in this study did not allow
the investigation of the effect of Lithium on cortical GM.
Although few patients (N =14) were taking Lithium during
or before the MRI scan, they could have affected the group
analyses. Indeed, it has been suggested that the chronic lith-
ium treatment may confer neuroprotection and it associated
with regional increases in selective brain regions, including
ACC [62].

Conclusions

Our study found decreased GM volumes in left ACC in BD
patients compared to healthy controls, further supporting
the hypothesis that ACC can be considered a neural under-
pinning of BD. Moreover, our results also indicated the
presence of male-related volume reductions in ACC in BD.
Finally, right ACC volumes inversely correlated with num-
ber of hospitalizations, particularly in male patients, being
potentially predictive of poor prognosis. Future larger lon-
gitudinal studies enrolling BD patients at the earlier phases
of the illness are needed to better understand the trajectories
of ACC changes separately in males and females and their
relationship with clinical outcome over time.
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