
Increased body mass index makes an impact on
brain white-matter integrity in adults with remitted
first-episode mania

C.N. Kuswanto1, M. Y. Sum1, G. L. Yang2, W. L. Nowinski2, R. S. McIntyre3 and K. Sim1,4*

1Research Department, Institute of Mental Health, Singapore
2Biomedical Imaging Laboratory, Singapore Bioimaging Consortium, Agency for Science, Technology and Research, Singapore
3Mood Disorders Psychopharmacology Unit, University Health Network, University of Toronto, Toronto, ON, Canada
4Yong Loo Lin School of Medicine, National University of Singapore, Singapore

Background. Obesity is increasingly prevalent in bipolar disorder (BD) but data about the impact of elevated body mass
index (BMI) on brain white-matter integrity in BD are sparse. Based on extant literature largely from structural magnetic
resonance imaging (MRI) studies, we hypothesize that increased BMI is associated with decreased fractional anisotropy
(FA) in the frontal, temporal, parietal and occipital brain regions early in the course of BD.

Method. A total of 26 euthymic adults (12 normal weight and 14 overweight/obese) with remitted first-episode mania
(FEM) and 28 controls (13 normal weight and 15 overweight/obese) matched for age, handedness and years of education
underwent structural MRI and diffusion tensor imaging scans.

Results. There are significant effects of diagnosis by BMI interactions observed especially in the right parietal lobe
(adjusted F1,48=5.02, p=0.030), occipital lobe (adjusted F1,48=10.30, p=0.002) and temporal lobe (adjusted F1,48=7.92,
p=0.007). Specifically, decreased FA is found in the right parietal (F1,23=5.864, p=0.023) and occipital lobes (F1,23=
4.397, p=0.047) within overweight/obese patients compared with normal-weight patients with FEM. Compared with
overweight/obese controls, decreased FA is observed in right parietal (F1,25=6.708, p=0.015), temporal (F1,25=10.751,
p=0.003) and occipital (F1,25=9.531, p=0.005) regions in overweight/obese patients with FEM.

Conclusions. Our findings suggest that increased BMI affects temporo-parietal-occipital brain white-matter integrity
in FEM. This highlights the need to further elucidate the relationship between obesity and other neural substrates
(including subcortical changes) in BD which may clarify brain circuits subserving the association between obesity and
clinical outcomes in BD.
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Introduction

Obesity is increasingly prevalent in bipolar disorder
(BD), in that over 60% of patients with BD may be
overweight or obese (Goldstein et al. 2011). Obesity
has been associated with poor clinical outcomes in
BD, including shorter time to recurrence during the
maintenance phase of the illness (Fagiolini et al.
2003), more frequent depressive episodes and suicide
attempts compared with the general population
(Fagiolini et al. 2003, 2004). Furthermore, patients
with BD who are overweight and obese often have
poor medical outcomes including greater risk of suffer-
ing from metabolic disturbances such as diabetes and

cardiovascular disease (Magalhães et al. 2012) and
these are the leading causes of premature and excess
mortality in BD (Osby et al. 2001).

In the general population, previous structural mag-
netic resonance imaging (MRI) studies have found
either no change in white-matter volume (Pannacciulli
et al. 2006) or decreased total brain volume, grey-
matter volume in overweight/obese individuals (Taki
et al. 2008; Soreca et al. 2009) as well as greater loss
of brain volume over time compared with individuals
with normal weight (Enzinger et al. 2005; Bobb et al.
2012). Recent studies using diffusion tensor imaging
(DTI) in otherwise healthy adults found that obesity
is associated with disruptions in white-matter integrity
as indicated by reductions of fractional anisotropy (FA)
within the corpus callosum (Mueller et al. 2011) and
involving midbrain and brainstem white-matter tracts
(Verstynen et al. 2012). Furthermore, individuals with
high body mass index (BMI) exhibited deficits in
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attention, speed of processing, and executive function-
ing on neuropsychological testing compared with
those with normal BMI (Gunstad et al. 2006, 2007),
indicating that elevated BMI may have observable
adverse impacts on neural substrates.

To the best of our knowledge, there is a paucity of
neuroimaging studies that have specifically evaluated
the underlying brain structural changes that may med-
iate the impact of BMI in BD. The only study was a
recent structural MRI report by Bond et al. (2011)
that documented decreased brain white-matter volume
and temporal lobe volume in adults newly diagnosed
with BD and with elevated BMI. There are to date no
data on the effect of BMI on brain white-matter integ-
rity in BD patients. However, in the context of pharma-
cotherapy, previous studies investigating the impact of
psychotropic medication use on brain structures have
found associations of grey-matter volume increase
with use of mood stabilizers (Atmaca et al. 2008;
Kempton et al. 2008) and increase of glial cell density
and non-reduction of white-matter volume with
antipsychotic administration (Selemon et al. 1999;
Bartzokis et al. 2011). Thus, based on these sparse
extant data, we sought to examine whether excess
weight is associated with changes of brain white-
matter integrity in adults with BD who have achieved
symptomatic remission from a first episode of mania.
The emphasis on newly diagnosed BD patients
decreases the likelihood of confound by effects of
illness, chronicity and treatment. In view of the
findings of Bond et al. (2011) involving white-matter
volume and temporal lobe volume in patients with
first-episode mania (FEM) and elevated BMI, we
hypothesized that increased BMI in remitted patients
with FEM is associated with reduced FA in the frontal,
temporal, parietal and occipital brain regions.

Method

Participants

The study sample comprised 54 participants (31 men
and 23 women) who gave written informed consent
to participate in the study after a detailed explanation
of the study procedures between June 2008 and
June 2010. A total of 26 patients with remitted FEM
were recruited from the Institute of Mental Health,
Singapore. All diagnoses were made by a psychiatrist
(K.S.) using information obtained from the existing
medical record, clinical history, mental status examin-
ation, interviews with the patients and their significant
others as well as the administration of the Structured
Clinical Interview for DSM-IV disorders (SCID) –
Patient Version (First et al. 1994) and Young Mania
Rating Scale (YMRS; Young et al. 1978). All patients

were in remission from mania (i.e. YMRS score <10)
at the time of recruitment and on the day of neuro-
imaging (Tohen et al. 2009; Chan et al. 2010), were
maintained on a stable dose of psychotropic medi-
cation for at least 2 weeks prior to the recruitment
and did not have their medication withdrawn for the
purpose of the study. In addition, 28 age-, gender-,
handedness- and education-matched healthy controls
(HC) were administered the SCID – Non-Patient
Version (First et al. 2002). None of the participants
had a history of significant and/or unstable/untreated
medical illnesses such as seizure disorder, head trauma
or cerebrovascular accidents. Moreover, no subjects
had a current or past history of substance use or
alcohol use disorder, metabolic disorder such as dia-
betes, dyslipidaemia or previous diagnosis and/or
treatment for another psychiatric disorder. This study
was approved by the Institutional Review Boards of
the Institute of Mental Health, Singapore, as well as
the National Neuroscience Institute, Singapore.

BMI and weight evaluation

Each participant had their height and weight recorded.
The BMI was calculated using the formula BMI=weight
(kg)/height (m)2. For the purpose of analyses, partici-
pants were categorized into normal weight (BMI of
18.5 to <23.0 kg/m2; n=25), overweight (BMI 23.0
to <25.0 kg/m2; n=12) and obese (BMI >25.0 kg/m2;
n=17) according to the International Association for
the Study of Obesity (World Health Organization,
International Association for the Study of Obesity,
International Obesity Task Force, 2000) and the
World Health Organization (WHO) proposed BMI cut-
off points for obesity in adult Asians (WHO Expert
Consultation, 2004).

Brain imaging acquisition and data processing

Brain imaging was performed using a 3-Tesla
whole body scanner (Philips Achieva; Philips Medical
Systems, The Netherlands) with a SENSE head coil
at the National Neuroscience Institute, Singapore.
High-resolution T1-weighted magnetization prepared
rapid gradient recalled echo (MP-RAGE) images were
required [repetition time (TR)=7.2ms; echo time (TE)
=3.3 ms; flip angle=8°]. Each T1-weighted volume con-
sisted of 180 axial slices of 0.9 mm thickness with
no gap (field of view, 230mm×230mm; acquisition
matrix, 256×256 pixels). For DTI, single-shot echo-
planar diffusion tensor images were obtained (TR=
3725ms; TE=56ms; flip angle=90°, b=800 s/mm2)
with 15 different non-parallel directions (b=800 s/mm2)
and the baseline image without diffusion weighting
(b=0 s/mm2). The acquisition matrix was 112×109
pixels with a field of view of 230mm×230mm,
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which was zero-filled to 256×256 pixels. A total of
42 axial slices of 3.0 mm thickness were acquired
parallel to the anterior–posterior commissure line.
The T1-weighted and DTI data were sequentially
acquired in a single session scan time without position
change. Stability of a high signal to noise ratio was
assured through a regular automated quality-control
procedure.

The structural MRI images were processed using the
Free Surfer software package to delineate the different
brain regions (Athinoula A. Martinos Center for
Biomedical Imaging, Massachusetts General Hospital,
Harvard University; http://surfer.nmr.mgh.harvard.
edu/). The Free Surfer software reformatted each
brain volume image into a 1 cubic mm isovoxel
volume image (Fischl et al. 2002). Within each subject,
the diffusion-weighted images (DWIs) of each subject
were corrected for motion and eddy current distortions
using affine transformation to the baseline image with-
out diffusion weighting (b=0). FA maps were acquired
from the DTI images using DTI Studio (Jiang et al.
2006) and were then co-registered automatically to
the structural MP-RAGE images. Mean FA values in
the frontal, parietal, temporal and occipital lobes
were then computed and used in the following
statistical analyses.

Statistical analyses

As the number of subjects who were categorized
as overweight (BMI 18.5 to <23.0 kg/m2) or obese
(BMI523.0 kg/m2) was relatively low, we combined
the two groups and compared those with remitted
FEM who were normal weight with those who
were overweight/obese. Both groups were also com-
pared with a HC group. Sociodemographic variables
between FEM and HC were compared using the two-
sample Student’s t test and χ2 test for continuous and
categorical variables; respectively. The diagnosis effect,
BMI effect and BMI×diagnosis interactions on brain
white-matter integrity (FA) were examined using two-
way analysis of variance. The BMI effect, diagnosis
effect and diagnosis×BMI interactions were further
analysed using two-way analysis of covariance to
control for covariates such as age, gender, years of
education and medications in terms of antipsychotic
use (mean daily chlorpromazine equivalents) and
prescription of mood stabilizer. When a significant
diagnosis×BMI interaction was found, differences
between the two groups of FEM and HC were further
evaluated separately. All statistical tests were per-
formed using PASW for Windows, version 18.0 (SPSS
Inc., USA). The significance level for statistical tests
was set at two-tailed p<0.05 as our analyses were
exploratory on the different brain regions at this stage.

Results

Sociodemographic and clinical characteristics

There was no significant difference in age, gender,
handedness, subject and parental years of education
between patients with FEM and HC. Of the subjects,
46% (n=25, 12 patients with FEM and 13 controls)
of the subjects had normal weight while the rest of
the subjects were either overweight or obese (n=29;
14 patients with FEM and 15 controls). The majority
of the patients received medications such as mood
stabilizers, namely valproate (n=12) and lithium
(n=10), as well as antipsychotics (n=22; two typicals,
20 atypicals), while the remaining four patients did
not receive any medication at the time of recruitment.
The sociodemographic and clinical features are shown
in Table 1. Table 2 shows the details comparing be-
tween normal-weight and overweight/obese groups
within both patients and HC. Essentially, there was
no significant difference in terms of age, gender,
years of education, parental years of education and
handedness between normal-weight and overweight/
obese groups within the patients and HC. Within the
patient group, there was no significant difference
between normal-weight and overweight/obese groups
in terms of duration of illness, YMRS scores, lithium,
mood stabilizers and antipsychotic medications pre-
scribed.

Effect of BMI on brain white-matter integrity

There were significant effects of diagnosis×BMI inter-
actions observed in the right frontal lobe (F1,50=4.92,
p=0.031), right parietal lobe (F1,50 =5.90, p=0.019),
right occipital lobe (F1,50 =9.02, p=0.004) and temporal
lobe (F1,50=8.81, p=0.005). These interactions remained
significant after controlling for covariates (right frontal
lobe: adjusted, F1,48=5.69, p=0.021; right parietal
lobe: adjusted, F1,48=5.02, p=0.030; right occipital lobe:
adjusted, F1,48=10.30, p=0.002; right temporal lobe:
adjusted, F1,48=7.92, p=0.007). As the diagnosis×BMI
interactions were found to be significant for the
right frontal, parietal, temporal and occipital lobes
(Table 3), we analysed the effects of BMI on these
four brain regions between patients with FEM and con-
trols as well as separately within patients with FEM
and controls (Fig. 1). Specifically, decreased FA was
found in the right parietal (F1,23 =5.864, p=0.023) and
occipital (F1,23 =4.397, p=0.047) lobes with standar-
dized effect sizes of −1.1 and −1.2, respectively, within
overweight/obese patients compared with normal-
weight patients with FEM. Compared with over-
weight/obese controls, decreased FA was observed in
right parietal (F1,25=6.708, p=0.015), temporal (F1,25 =
10.751, p=0.003) and occipital (F1,25 =9.531, p=0.005)
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Table 1. Demographic and clinical characteristics of the participants

Characteristic
Healthy controls
(n=28)

First-episode mania
(n=26) t or χ2 test df p

Mean age, years (S.D.) 33.46 (11.28) 34.27 (12.04) t=−0.254 52 0.801
Mean subject’s years of education (S.D.) 12.89 (1.99) 11.81 (2.23) t=1.892 52 0.064
Mean mother’s years of education (S.D.) 6.93 (4.82) 4.85 (4.5) t=0.598 52 0.552
Mean father’s years of education (S.D.) 7.86 (4.47) 7.23 (3.02) t=1.639 52 0.107
Mean duration of illness, years (S.D.) – – 0.2 (0.2) – – –
Mean YMRS score (S.D.) – – 4 (5.25) – – –

Male, n (%) 16 (57.1) 15 (57.7) χ2=0.002 1 0.967
Right-handed, n (%) 28 (100) 25 (96.2) χ2=1.097 1 0.295
Overweight and obese, n (%) 15 (53.6) 14 (53.8) χ2=0.001 1 0.984

Use of lithiuma

n (%) – – 10 (38.5)
Mean (S.D.) – – 480.12 (269.74) –

Use of other mood stabilizersa

n (%) – – 12 (46.2)
Mean (S.D.) – – 408.62 (391.55) –

Antipsychotic useb –
n (%) – – 22 (84.6)
Mean (S.D.) – – 141.14 (110.69)

df, Degrees of freedom; S.D., standard deviation; YMRS, Young Mania Rating Scale.
a Frequency and mean dose of lithium or other mood stabilizers prescribed.
b Frequency and mean dose of antipsychotic prescribed in mean daily chlorpromazine equivalents.

Table 2. Demographic and clinical characteristics of the participants by weight group

Characteristic

Healthy controls First-episode mania

Normal
weight
(n=13)

Overweight/
obese (n=15)

t or χ2

test p

Normal
weight
(n=12)

Overweight/
obese (n=14)

t or χ2

test p

Mean age, years (S.D.) 34.46 (12) 32.6 (10.95) t=0.43 0.67 34.17 (12.88) 34.36 (11.76) t=−0.04 0.97
Mean subject’s years of
education (S.D.)

12.23 (1.92) 13.47 (1.92) t=−1.70 0.10 11.5 (2.02) 12.07 (2.43) t=−0.64 0.53

Mean mother’s years of
education (S.D.)

6.85 (4.79) 7 (5) t=−0.08 0.94 5 (5.152) 4.71 (4.05) t=0.16 0.88

Mean father’s years of
education (S.D.)

7.69 (4.07) 8 (4.93) t=−0.18 0.86 6.92 (3.26) 7.5 (2.9) t=−0.48 0.63

Mean duration of illness,
months (S.D.)

– – – – – – 3.24 (4.6) 2.93 (4.97) t=0.17 0.87

Mean YMRS score (S.D.) – – – – – – 2.42 (3.29) 5.36 (6.3) t=−1.45 0.16

Male, n (%) 7 (53.8) 9 (60) χ2=0.11 0.74 7 (58.3) 8 (57.1) χ2=0.004 0.95
Right-handed, n (%) 13 (100) 15 (100) – – 11 (91.7) 14 (100) χ2=1.21 0.27

Prescription of lithium,
n (%)

– – – – – – 4 (33.3) 6 (42.9) χ2=0.25 0.62

Prescription of other mood
stabilizers, n (%)

– – – – – – 6 (50) 6 (42.9) χ2=0.11 0.72

Antipsychotic use, n (%) – – – – – – 9 (75) 13 (92.9) χ2=1.58 0.21

S.D., Standard deviation; YMRS, Young Mania Rating Scale.
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regions with standardized effect sizes of −1.0, −1.65
and −2.3, respectively, in overweight/obese patients
with FEM.

We performed additional analyses on the possible
effect of medication on these brain regions including
antipsychotic use (in mean daily chlorpromazine
equivalents), use of lithium and valproate. Apart
from the right frontal region (F1,47=3.068, p=0.086),
the diagnosis×BMI interactions remained largely
unchanged in the other brain regions after including
medication as covariates (right parietal: F1,47=4.668,
p=0.036; right occipital: F1,47 =7.224, p=0.003; right
temporal: F1,47=8.017, p=0.007). Backward regression
was performed to further analyse the effect of medi-
cation in the right frontal region, in which we found
that only mean daily chlorpromazine equivalents sig-
nificantly predicted mean FA compared with lithium
and valproate (β=−0.460, t=−2.523, p=0.020).

Discussion

To our knowledge, this is the first study to specifically
examine the impact of weight status on brain white-
matter integrity in patients with FEM. There were
several observations in the sample examined herein.
First, reductions of FA in the right parietal and occipi-
tal regions were found in FEM patients who were
overweight/obese compared with those who had
normal weight. Second, reductions of FA were seen
in the right parietal, occipital and temporal regions
within overweight/obese FEM patients compared
with controls, suggesting that increased BMI early in
the course of BD is associated with disruptions of
white-matter integrity involving temporal–parietal–
occipital brain circuitry.

The observed reductions in FA within FEM patients
who were overweight/obese compared with normal
weight occur in brain regions previously found to
be implicated in the patho-aetiology of BD. Earlier
structural MRI studies of patients with BD have
reported increased rates of white-matter hyperintensi-
ties in BD, with a recent meta-analysis noting up to
2.5 times increased odds of having deep white-matter
hyperintensities in patients with BD (Kempton et al.
2008). Structural MRI studies of FEM patients found
reductions of brain white-matter volume but not grey-
matter volume (Vita et al. 2009). DTI studies that
specifically examine brain white-matter integrity have
implicated disruptions in FA within parietal and occi-
pital regions in patients with BD (Chan et al. 2010;
Heng et al. 2010). Our findings of FA reductions
specifically within parietal and occipital brain regions
suggest that similar brain regions are affected early
in the course of the illness in FEM patients who are
overweight/obese.T
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Compared with the overweight/obese healthy
adults, we also found FA reductions in right parietal,
temporal and occipital regions in FEM patients who
were overweight/obese, providing evidence that FEM
patients with elevated BMI may be more susceptible
to brain white-matter changes. Of note, the over-
weight/obese patients with FEM had lower FA in the
right occipital and temporal lobes compared with
normal-weight patients with FEM, but overweight/
obese controls had higher FA in the similar brain
regions compared with normal-weight controls. The
observed higher FAs within the temporal and occipital
lobes in overweight/obese controls compared with
normal-weight controls need replication, although

these results may be consistent with findings of an ear-
lier MRI study which reported increased white-matter
volume in temporal and occipital brain regions of
obese subjects (Haltia et al. 2007). However, other
studies have found no difference in brain white-matter
volume (Pannacciulli et al. 2006), no difference in
FA between overweight and normal-weight controls
(Stanek et al. 2011), reductions in FA within the corpus
callosum in obese female controls (Mueller et al. 2011)
or especially found within midbrain and brainstem
white-matter tracts (Verstynen et al. 2012). In this
regard, elevated BMI may have differential aetiological
mechanisms amongst individuals with FEM and con-
trols and may be a marker of greater illness severity
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Fig. 1. Fractional anisotropy (FA) in the (a) right frontal, (b) parietal, (c) occipital and (d) temporal lobes in healthy subjects
(HC) and first-episode mania patients (FEM). Values are means, with standard errors represented by vertical bars. Significant
mean FA differences: * p<0.05, ** p<0.01.
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in BD, hence accounting for the FA differences in con-
trols and FEM with elevated BMI compared with those
individuals with normal weight. Future studies are
needed to better determine the relationship between
elevated BMI and brain white-matter structure as it
may affect different brain structures differently in
controls and within the context of BD.

The neurobiological pathways linking obesity,
mania and brain white-matter changes are still unclear
and await further elucidation. Earlier studies have
found reduced white-matter integrity in patients with
obesity-associated co-morbidity such as diabetes, hy-
pertension, metabolic syndrome and stroke (Hoth
et al. 2007; Kodl et al. 2008). Postulated biological mech-
anisms subserving the relationship between obesity
and brain white-matter changes include endothelial
dysfunction, insulin resistance and inflammatory pro-
cesses (Hoth et al. 2007; Rosenberg, 2009; Katsumata
et al. 2010). Genetic imaging studies have highlighted
the relationship between risk alleles at rs1421085 and
rs17817449 of the fat mass and obesity-associated
(FTO) gene and volume reductions of 8% in the bi-
lateral frontal and 12% in the bilateral occipital lobes,
respectively (Ho et al. 2010), indicating that genetic fac-
tors relevant to obesity may contribute to susceptibility
towards brain structural changes including brain white
matter. In addition, there are some data to support the
roles of the pleiotropic peptides insulin, insulin-like
growth factor 1 (IGF-1) and incretins in neuronal and
glial cell function including neurogenesis, myelination
and modulation of synaptic plasticity (McIntyre et al.
2008). Alterations in insulin/IGF-1 signalling can result
in downstream effects of decreased cellular integrity
and survival in brain regions affecting neurocognition
and other brain functions (McIntyre et al. 2008). BD is
associated separately with disruptions in white-matter
integrity in the putative regions (Heng et al. 2010),
which may be further exacerbated in the context of
elevated BMI. In addition, leptin from adipose tissue
(Farooqi et al. 2007) and gut hormones such as ghrelin,
peptide YY (peptide tyrosine-tyrosine) and glucagon-
like peptide (Gibson et al. 2010) have been associated
with activation of different cortical brain areas
related to visual presentation of food, suggesting the
complex inter-relationships between neurobiological
factors within the gut–brain axis in affecting brain
white matter.

In addition, the diagnosis×BMI interactions and
reductions of FA occur mainly within brain regions
in the right hemisphere, suggesting laterality effect.
This laterality effect is consistent with the findings
of a meta-analysis of 10 whole-brain DTI studies
(Vederine et al. 2011), which reported significant clus-
ters of decreased FA in the right hemisphere although
not taking into account the weight status. One possible

explanation is that brain white-matter composition
may be dynamic (May, 2011) and altered white-matter
fibres in the corpus callosum of patients with BD may
have contributed to asymmetrical impact on white-
matter integrity within the different brain regions.
Reduced white-matter integrity in the corpus callosum
has been observed in obese healthy adults (Stanek et al.
2011), and obesity may have additionally contributed
to the laterality effect of affected brain white-matter
regions.

There are several limitations in this study. First, the
study sample is small and the findings need to be repli-
cated in other populations and in a larger sample.
Second, the findings may be confounded by the effects
of medications such as mood stabilizers and anti-
psychotics. However, the patients with FEM were
recruited at an early phase of their illness with no pre-
vious treatment with medications and had been receiv-
ing their treatment for a minimal period of time.
In addition, available data suggest that psychotropic
medications used such as lithium and valproate are
associated with grey-matter volume increases and are
less likely to contribute to changes in white matter
(Moore et al. 2000; Atmaca et al. 2008; Kempton et al.
2008), as is also consistent with our findings which
remained largely unchanged when we included medi-
cations as covariates in our analyses. Exposure to anti-
psychotics (typical and atypical) in animal models has
been associated with an increase in glial cell density as
well as promotion of oligodendrocyte differentiation
and myelin repair (Selemon et al. 1999). Adherence to
antipsychotic treatment with remission of illness is
also thought to result in better trajectory of myelination
and non-reduction of brain white-matter volume
(Bartzokis et al. 2011). Third, this is a cross-sectional
study and the longitudinal follow-up of these subjects
would proffer further insights into the complex inter-
action between weight status, illness factors, treatment
and changes in brain white-matter integrity. Fourth,
the functional and behavioural implications of our
findings may be relevant to neurocognitive function.
Unfortunately, we did not include measures of neuro-
cognitive function in our sample. Extant data indicate
that individuals with BD exhibit clinically significant
and broad-based neurocognitive deficits that often per-
sist during periods of euthymia. Neurocognitive defic-
its in BD are known to cause and maintain functional
impairment. A separate body of evidence has reported
that obesity and diabetes are associated with cognitive
deficits (McIntyre et al. 2010). Moreover, preliminary
evidence indicates that the metabolic syndrome may
be associated with neurocognitive deficits in bipolar
populations (Yim et al. 2012).

In conclusion, we found that elevated BMI is associ-
ated with disruptions of brain white-matter integrity
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affecting right parietal, temporal and occipital regions
in FEM patients who were overweight/obese. These
findings add to a growing confluence of study results
indicating that somatic health status is associated
with alterations in central nervous system (CNS)
structure and function. In addition to replication and
extension of our results, elucidating effector systems
that mediate the association between BD, obesity,
and white-matter integrity would be a future research
vista. Practitioners providing care for individuals with
BD need to consider the CNS effects associated with
overweight/obesity in BD and recommendations for
screening, prevention, and treatment of excess weight
and BMI are supported by these data.
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