
SummarySummary Temporallobe and limbicTemporallobe and limbic

structuresmaybe abnormalin bipolarstructuresmaybe abnormalin bipolar

disorder. T2-weightedmagneticdisorder. T2-weightedmagnetic

resonance imaging (MRI) scans frequentlyresonance imaging (MRI) scans frequently

showdeepwhitematter lesions.MRIwasshowdeepwhitematter lesions.MRIwas

performedon 50 young (19^39 years)performed on 50 young (19^39 years)

euthymic patientswith bipolardisordereuthymic patientswith bipolardisorder

and 26 controls.Meantemporallobeand 26 controls.Meantemporallobe

volumeswerereduced inpatients (right,volumeswere reduced inpatients (right,

9.42 cm9.42 cm33; left, 6.33 cm; left, 6.33 cm33) butthis couldnot) butthis couldnot

be ascribed to a specific structure.Deepbe ascribed to a specific structure.Deep

whitematter lesionswere present in 5whitematter lesionswere present in 5

patients butno controls raisingquestionspatients butno controls raisingquestions

oftheir aetiological significance.of their aetiological significance.
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Despite many magnetic resonance imagingDespite many magnetic resonance imaging

(MRI) studies of the temporal lobe in bi-(MRI) studies of the temporal lobe in bi-

polar disorder, consistent findings are yet topolar disorder, consistent findings are yet to

emerge. Early findings of reduced temporalemerge. Early findings of reduced temporal

lobe volumes remain unconfirmed (Swayzelobe volumes remain unconfirmed (Swayze

et alet al, 1992; Altshuler, 1992; Altshuler et alet al, 2000). Deep, 2000). Deep

and periventricular white matter lesions ob-and periventricular white matter lesions ob-

served on T2-weighted MRI scans are 3.3served on T2-weighted MRI scans are 3.3

times more prevalent in bipolar disordertimes more prevalent in bipolar disorder

(Altshuler(Altshuler et alet al, 1995), although they are pre-, 1995), although they are pre-

sent in only a minority of patients. Here wesent in only a minority of patients. Here we

compare temporal lobe and ventricularcompare temporal lobe and ventricular

volumes and deep white matter lesions involumes and deep white matter lesions in

young, physically healthy euthymic patientsyoung, physically healthy euthymic patients

with bipolar disorder and controls.with bipolar disorder and controls.

METHODMETHOD

We invited 121 patients with bipolar IWe invited 121 patients with bipolar I

disorder attending clinics in north-eastdisorder attending clinics in north-east

England to participate in the study. AfterEngland to participate in the study. After

assessment and explanation of the study’sassessment and explanation of the study’s

aims and methods, 53 gave written in-aims and methods, 53 gave written in-

formed consent. Three were excludedformed consent. Three were excluded

because of scanning difficulties, leaving 50because of scanning difficulties, leaving 50

(15 males; mean age 30.2 years (s.d.(15 males; mean age 30.2 years (s.d.¼6.2,6.2,

range 20–39); mean illness duration 8.9range 20–39); mean illness duration 8.9

years (s.d.years (s.d.¼3.3)) to complete the study.3.3)) to complete the study.

We recruited 26 controls (13 males, 13We recruited 26 controls (13 males, 13

females; mean age 30.2 years (s.d.females; mean age 30.2 years (s.d.¼6.2,6.2,

range 20–39), with no current or past psy-range 20–39), with no current or past psy-

chiatric disorder matched for mean agechiatric disorder matched for mean age

and premorbid IQ (NART; Nelson, 1982).and premorbid IQ (NART; Nelson, 1982).

Patients met DSM–IV criteria (Ameri-Patients met DSM–IV criteria (Ameri-

can Psychiatric Association, 1994) for bi-can Psychiatric Association, 1994) for bi-

polar I disorder only and had experiencedpolar I disorder only and had experienced

at least two episodes of illness. Exclusionat least two episodes of illness. Exclusion

criteria (Moorecriteria (Moore et alet al, 2001, 2001aa) designed to) designed to

eliminate white matter abnormalities un-eliminate white matter abnormalities un-

related to bipolar disorder were applied torelated to bipolar disorder were applied to

patients and controls. Both groups werepatients and controls. Both groups were

euthymic at the time of scanning; this waseuthymic at the time of scanning; this was

confirmed by a mental state examinationconfirmed by a mental state examination

supplemented by the Beck Depressionsupplemented by the Beck Depression

Inventory (BeckInventory (Beck et alet al, 1961)., 1961).

Axial T2-weighted, coronal inversionAxial T2-weighted, coronal inversion

recovery and sagittal, coronal and axialrecovery and sagittal, coronal and axial

T1 scans were recorded using a GeneralT1 scans were recorded using a General

Electrics (Slough, UK) MR max plus 0.5 te-Electrics (Slough, UK) MR max plus 0.5 te-

sla scanner. Details of volumetric measure-sla scanner. Details of volumetric measure-

ments from coronal inversion recoveryments from coronal inversion recovery

scans have been published previouslyscans have been published previously

(Moore(Moore et alet al, 2001, 2001aa). The rostral limit of). The rostral limit of

the temporal lobe was taken to be the lastthe temporal lobe was taken to be the last

slice showing the Sylvian fissure.slice showing the Sylvian fissure.

Intracranial volumes could not be mea-Intracranial volumes could not be mea-

sured directly. Head size was measured assured directly. Head size was measured as

the product of three mutually perpendicularthe product of three mutually perpendicular

skull diameters, the posterior–anteriorskull diameters, the posterior–anterior

diameter, the left–right diameter and thediameter, the left–right diameter and the

vertical height of the skull above the sella.vertical height of the skull above the sella.

White matter hyperintensities on MRI wereWhite matter hyperintensities on MRI were

evaluated independently by two investiga-evaluated independently by two investiga-

tors. Only hyperintensities present on bothtors. Only hyperintensities present on both

T2 and proton density scans and, for deepT2 and proton density scans and, for deep

white matter lesions at least 3mm inwhite matter lesions at least 3mm in

diameter, were included. Investigators werediameter, were included. Investigators were

in complete agreement about whether anin complete agreement about whether an

individual scan showed deep or periventri-individual scan showed deep or periventri-

cular white matter lesions. Scans were ratedcular white matter lesions. Scans were rated

using the scale of Fazekasusing the scale of Fazekas et alet al (1993).(1993).

Data were analysed using the statisticalData were analysed using the statistical

package Minitab 10.2 for Windowspackage Minitab 10.2 for Windows (Mini-(Mini-

tab Inc., Pennsylvania, USA). Data that weretab Inc., Pennsylvania, USA). Data that were

normally distributed were analysed usingnormally distributed were analysed using

ANOVA and Student’sANOVA and Student’s tt-test. A Bonferroni-test. A Bonferroni

correction was applied, makingcorrection was applied, making PP440.0070.007

significant and 0.05significant and 0.0544PP440.007 a trend.0.007 a trend.

RESULTSRESULTS

Patients had smaller temporal lobe volumesPatients had smaller temporal lobe volumes

than controls (left, mean 54.9 cmthan controls (left, mean 54.9 cm33

(s.d.(s.d.¼9.9)9.9) v.v. 61.3 (s.d.61.3 (s.d.¼8.3),8.3), FF¼7.7,7.7,

PP¼0.007 and right, mean 59.5 cm0.007 and right, mean 59.5 cm33

(s.d.(s.d.¼10.8)10.8) v.v. 68.1 (s.d.68.1 (s.d.¼8.2),8.2), FF¼12.55,12.55,

PP¼0.001) with right volumes being greater0.001) with right volumes being greater

than left (pairedthan left (paired tt¼7.28,7.28, PP550.001) (Fig. 1).0.001) (Fig. 1).

Lateral ventricle volumes did not differLateral ventricle volumes did not differ

between patients and controls (left, meanbetween patients and controls (left, mean

8.7 cm8.7 cm33 (s.d.(s.d.¼4.3)4.3) vv. 8.0 (s.d.. 8.0 (s.d.¼2.8) and2.8) and

right, mean 8.21 cmright, mean 8.21 cm33 (s.d.(s.d.¼4.4)4.4) vv. 7.3. 7.3

(s.d.(s.d.¼2.4). Illness (2.4). Illness (FF¼9.81,9.81, PP¼0.003) and0.003) and

gender (gender (FF¼7.37,7.37, PP¼0.008) contributed0.008) contributed

significantly to differences in temporal lobesignificantly to differences in temporal lobe

volume.volume. Post hocPost hoc pairwise comparisons ofpairwise comparisons of

temporal lobe volumes in males, females,temporal lobe volumes in males, females,

patients and controls found significantlypatients and controls found significantly

((FF¼9.3,9.3, PP¼0.003) smaller left volumes0.003) smaller left volumes

(mean 52.2 cm(mean 52.2 cm33 (s.d.(s.d.¼8.8)) in female than8.8)) in female than

male (mean 61.0 cmmale (mean 61.0 cm33 (s.d.(s.d.¼9.6)) patients.9.6)) patients.

There were trends (0.05There were trends (0.0544PP440.007) for0.007) for

female patients to have smaller temporalfemale patients to have smaller temporal

lobes (left or right) than controls, and forlobes (left or right) than controls, and for

the right temporal lobes of female patientsthe right temporal lobes of female patients

to be smaller than those of malesto be smaller than those of males

((FF¼4.99,4.99, PP¼0.03).0.03).

Age and skull volume may be con-Age and skull volume may be con-

founding variables. Age was similar infounding variables. Age was similar in

patient and control groups and was not apatient and control groups and was not a

significant confounder. When temporalsignificant confounder. When temporal

lobe volumes were analysed using a generallobe volumes were analysed using a general

linear model with illness presence and genderlinear model with illness presence and gender

as categorical variables and head size as cov-as categorical variables and head size as cov-

ariate (with interactions allowed), the ad-ariate (with interactions allowed), the ad-

justed left mean temporal lobe volumes ofjusted left mean temporal lobe volumes of

patients (55.7 cmpatients (55.7 cm33 (s.d.(s.d.¼1.6)) and controls1.6)) and controls

(61.7 cm(61.7 cm33 (s.d.(s.d.¼1.6)) differed significantly1.6)) differed significantly

((FF¼13.8,13.8, PP550.001). An interaction between0.001). An interaction between

illness group and head size contributedillness group and head size contributed

significantly (significantly (FF¼12.4,12.4, PP¼0.001) to the left0.001) to the left

temporal lobe volume variance.temporal lobe volume variance.

Similarly, the adjusted right meanSimilarly, the adjusted right mean

temporal lobe volume in patientstemporal lobe volume in patients

(60.0 cm(60.0 cm33 (s.d.(s.d.¼1.7)) was smaller1.7)) was smaller

((FF¼10.6,10.6, PP¼0.002) than in controls (68.50.002) than in controls (68.5

(s.d.(s.d.¼1.8)). Again an interaction between1.8)). Again an interaction between

illness group and head size parameter wasillness group and head size parameter was

observed (observed (FF¼10.6,10.6, PP¼0.002). No other0.002). No other

group/covariate interactions significantlygroup/covariate interactions significantly

contributed to the variance of left or rightcontributed to the variance of left or right

temporal lobe volumes.temporal lobe volumes.

Deep white matter lesions were ob-Deep white matter lesions were ob-

served in 5 out of 50 patients (10%) butserved in 5 out of 50 patients (10%) but
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no controls (Fisher’s exact test, two-tailed,no controls (Fisher’s exact test, two-tailed,

PP¼0.115). Two were graded as 2 (moderate0.115). Two were graded as 2 (moderate

severity) and three were graded as 1 (mild)severity) and three were graded as 1 (mild)

on the Fazekas scale. Two patients withon the Fazekas scale. Two patients with

deep white matter lesions had periventricu-deep white matter lesions had periventricu-

lar white matter lesions (Fazekas grade 3lar white matter lesions (Fazekas grade 3

and 1). No controls exhibited white matterand 1). No controls exhibited white matter

abnormalities.abnormalities.

DISCUSSIONDISCUSSION

Patients with bipolar disorder had signifi-Patients with bipolar disorder had signifi-

cantly reduced right and left temporal lobecantly reduced right and left temporal lobe

volumes even after controlling for skullvolumes even after controlling for skull

volumes. Our mean temporal lobe volumevolumes. Our mean temporal lobe volume

in males (125.6 cmin males (125.6 cm33 (s.d.(s.d.¼18.9)) agrees18.9)) agrees

well with a recently published valuewell with a recently published value

(139.5 cm(139.5 cm33 (s.d.(s.d.¼15.5)) despite differences15.5)) despite differences

in MRI methods and problems defining thein MRI methods and problems defining the

temporal lobe rostral boundary (Altshulertemporal lobe rostral boundary (Altshuler

et alet al, 2000)., 2000).

Published, mixed-gender studies ofPublished, mixed-gender studies of

bipolar disorder have reported smallerbipolar disorder have reported smaller

(Swayze(Swayze et alet al, 1992), unchanged (Hauser, 1992), unchanged (Hauser

et alet al, 2000) or increased (Harvey, 2000) or increased (Harvey et alet al,,

1994) temporal lobe volumes. Altshuler1994) temporal lobe volumes. Altshuler etet

alal (2000) were unable to replicate an earlier(2000) were unable to replicate an earlier

finding of reduced temporal lobe volume infinding of reduced temporal lobe volume in

males. We found temporal lobe volumemales. We found temporal lobe volume

reductions predominantly in females, whichreductions predominantly in females, which

may explain differences in male only andmay explain differences in male only and

mixed-gender studies.mixed-gender studies.

Generalised or specific structuralGeneralised or specific structural

atrophy, changes in grey/white matteratrophy, changes in grey/white matter

density, or abnormal temporal lobedensity, or abnormal temporal lobe

neurodevelopment could cause reducedneurodevelopment could cause reduced

temporal lobe volumes. Measured meantemporal lobe volumes. Measured mean

hippocampal and amygdala volumes lie inhippocampal and amygdala volumes lie in

the ranges of 2.0–3.8 cmthe ranges of 2.0–3.8 cm33 and 1.3–3.4 cmand 1.3–3.4 cm33,,

respectively (Swayzerespectively (Swayze et alet al, 1992; Altshuler, 1992; Altshuler

et alet al, 2000). As these are much less than, 2000). As these are much less than

our measured reductions in temporal lobeour measured reductions in temporal lobe

volumes, such reductions could not resultvolumes, such reductions could not result

solely from hypoplasticity of the amygdalasolely from hypoplasticity of the amygdala

and hippocampus. Although patientsand hippocampus. Although patients

exhibited minimally enlarged lateral ventri-exhibited minimally enlarged lateral ventri-

cles, this was not statistically significant.cles, this was not statistically significant.

Thus, there was little evidence of general-Thus, there was little evidence of general-

ised cerebral atrophy in young patients withised cerebral atrophy in young patients with

bipolar disorder, adding to the consensus ofbipolar disorder, adding to the consensus of

negative studies (Soares & Mann, 1997negative studies (Soares & Mann, 1997).).

Grey matter density may be reduced by upGrey matter density may be reduced by up

to 9.6% and might contribute to reducedto 9.6% and might contribute to reduced

temporal lobe volume (Limtemporal lobe volume (Lim et alet al, 1999)., 1999).

We are confident that the deep whiteWe are confident that the deep white

matter lesions observed in 10% (matter lesions observed in 10% (PP¼0.115)0.115)

of patients are linked to bipolar disorder.of patients are linked to bipolar disorder.

In this and an earlier study with similarIn this and an earlier study with similar

exclusion criteria (Mooreexclusion criteria (Moore et alet al, 2001, 2001aa),),

deep white matter lesions were absent indeep white matter lesions were absent in

controls under 50 years, reinforcing thecontrols under 50 years, reinforcing the

association, albeit weak, between theassociation, albeit weak, between the

lesions observed here and bipolar disorder.lesions observed here and bipolar disorder.

Furthermore, studies of younger (or first-Furthermore, studies of younger (or first-

episode) patients (Swayzeepisode) patients (Swayze et alet al, 1992;, 1992;

StrakowskiStrakowski et alet al, 1993) also showed a, 1993) also showed a

non-significant 10% frequency of deepnon-significant 10% frequency of deep

white matter lesions. Supporting thesewhite matter lesions. Supporting these

observations, post-mortem studies haveobservations, post-mortem studies have

reported microtubule protein and oligoden-reported microtubule protein and oligoden-

drocyte abnormalities in bipolar disorderdrocyte abnormalities in bipolar disorder

(for review see Harrison, 2002), which(for review see Harrison, 2002), which

may contribute to the formation of deepmay contribute to the formation of deep

white matter lesions.white matter lesions.

The low prevalence of deep whiteThe low prevalence of deep white

matter lesions suggests that they have a lim-matter lesions suggests that they have a lim-

ited but unknown contribution to theited but unknown contribution to the

pathogenesis of bipolar disorder. Associa-pathogenesis of bipolar disorder. Associa-

tions with winter birth (Mooretions with winter birth (Moore et alet al,,

20012001bb), cognitive difficulties (Dupont), cognitive difficulties (Dupont etet

alal, 1995) and especially treatment resis-, 1995) and especially treatment resis-

tance (Mooretance (Moore et alet al, 2001, 2001aa) may provide) may provide

starting points for future examination ofstarting points for future examination of

their importance.their importance.
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Fig. 1Fig. 1 Left and right temporal lobe volumes inLeft and right temporal lobe volumes in

patients and controls.patients and controls. **, male patient;, male patient; &&, male, male

control;control; **, female patient;, female patient; &&, female control., female control.
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