
BackgroundBackground Anincreased incidenceAnincreased incidence

of brainwhite-matterhyperintensities hasof brainwhite-matterhyperintensities has

been described inmajordepressivebeen described inmajordepressive

disorder, butthe impactof suchdisorder, butthe impactof such

hyperintensities ontreatmentoutcome ishyperintensities ontreatmentoutcome is

still controversial.still controversial.

AimsAims To investigate the relationship ofTo investigate the relationship of

brainwhite-matterhyperintensitieswithbrainwhite-matterhyperintensitieswith

cardiovascular risk factors andwithcardiovascular risk factors andwith

treatmentoutcome inyounger peopletreatmentoutcome inyounger people

withmajordepressive disorder.withmajordepressive disorder.

MethodMethod We assessed brainwhite-We assessed brainwhite-

matterhyperintensities andcardiovascularmatterhyperintensities andcardiovascular

risk factors in 84 peoplewithmajorrisk factors in 84 peoplewithmajor

depressive disorder prior to initiatingdepressive disorderprior to initiating

antidepressanttreatment.We alsoantidepressanttreatment.We also

assessedhyperintensities in 35 matchedassessedhyperintensities in 35 matched

controls.controls.

ResultsResults We foundno significantWe foundno significant

difference inthe prevalence of white-difference inthe prevalence of white-

matterhyperintensities betweenthematterhyperintensities betweenthe

depression and the controlgroups.Left-depression and the controlgroups.Left-

hemisphere subcorticalhyperintensitieshemisphere subcorticalhyperintensities

correlatedwith lower rates oftreatmentcorrelatedwith lower rates oftreatment

response.We foundno correlationresponse.We foundno correlation

between globalhyperintensitymeasuresbetweenglobalhyperintensitymeasures

and clinical outcome.Brainwhite-matterand clinical outcome.Brainwhite-matter

hyperintensities correlatedwithhyperintensities correlatedwith

hypertension and age andwithtotalhypertension and age andwithtotal

cardiovascular risk score.cardiovascular risk score.

ConclusionsConclusions Subcorticalwhite-matterSubcorticalwhite-matter

hyperintensitiesinthelefthemisphere (buthyperintensitiesinthelefthemisphere (but

notinotherbrain areas)maybe associatednotinotherbrain areas)maybe associated

with poor response to antidepressantwith poor response to antidepressant

treatment inmajordepression.treatment inmajordepression.
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The association between major depressiveThe association between major depressive

disorder and increased prevalence of braindisorder and increased prevalence of brain

white-matter hyperintensities has been re-white-matter hyperintensities has been re-

ported in elderly people (Krishnanported in elderly people (Krishnan et alet al,,

1997; de Groot1997; de Groot et alet al, 2000), but studies in, 2000), but studies in

younger patients have been inconclusiveyounger patients have been inconclusive

(Coffey(Coffey et alet al, 1993; Lenze, 1993; Lenze et alet al, 1999; Lyoo, 1999; Lyoo

et alet al, 2002). In samples of elderly people, 2002). In samples of elderly people

with depression, such hyperintensities werewith depression, such hyperintensities were

associated with lower rates of response toassociated with lower rates of response to

antidepressant treatment (Hickieantidepressant treatment (Hickie et alet al,,

1997; Simpson1997; Simpson et alet al, 1998; Steffens, 1998; Steffens et alet al,,

2002) as well as higher rates of relapse dur-2002) as well as higher rates of relapse dur-

ing follow-up (O’Briening follow-up (O’Brien et alet al, 1998; Yanai, 1998; Yanai etet

alal, 1998). The study reported here is, to our, 1998). The study reported here is, to our

knowledge, the first to explore the impactknowledge, the first to explore the impact

of white-matter hyperintensities on anti-of white-matter hyperintensities on anti-

depressant treatment outcome and thedepressant treatment outcome and the

relationship between such hyperintensitiesrelationship between such hyperintensities

and cardiovascular risk factors in youngerand cardiovascular risk factors in younger

people with depression. We predicted thatpeople with depression. We predicted that

the presence of brain white-matter hyper-the presence of brain white-matter hyper-

intensities would correlate with cardiovas-intensities would correlate with cardiovas-

cular risk factors and with lower rates ofcular risk factors and with lower rates of

treatment response.treatment response.

METHODMETHOD

ParticipantsParticipants

All study participants signed consent forms,All study participants signed consent forms,

approved by the institutional review board,approved by the institutional review board,

prior to the initial study visit.prior to the initial study visit.

Non-treatment-resistant major depressiveNon-treatment-resistant major depressive
disorderdisorder

The study group with non-treatment-The study group with non-treatment-

resistant major depressive disorder com-resistant major depressive disorder com-

prised 65 people aged 18–65 years (meanprised 65 people aged 18–65 years (mean

age 40.7, s.d.age 40.7, s.d.¼10.2), recruited through10.2), recruited through

advertisements and clinical referrals for aadvertisements and clinical referrals for a

clinical trial beginning with open-labelclinical trial beginning with open-label

fluoxetine treatment (Favafluoxetine treatment (Fava et alet al, 2002)., 2002).

All participants, 24 (37%) of whom wereAll participants, 24 (37%) of whom were

women, met criteria for major depressivewomen, met criteria for major depressive

disorder, diagnosed by the physician-disorder, diagnosed by the physician-

administered Structured Clinical Interviewadministered Structured Clinical Interview

for DSM–III–R Axis I Disorders – Patientfor DSM–III–R Axis I Disorders – Patient

edition (SCID–P; Spitzeredition (SCID–P; Spitzer et alet al, 1989)., 1989).

Participants were required to have a score ofParticipants were required to have a score of

16 or over on the 17-item Hamilton Rating16 or over on the 17-item Hamilton Rating

Scale for Depression (HRSD; Hamilton,Scale for Depression (HRSD; Hamilton,

1967) at the screening visit. We excluded1967) at the screening visit. We excluded

people who failed to respond during thepeople who failed to respond during the

current episode of depression to at leastcurrent episode of depression to at least

one adequate antidepressant trial.one adequate antidepressant trial.

Treatment-resistant major depressive disorderTreatment-resistant major depressive disorder

Nineteen participants (mean age 39.6 years,Nineteen participants (mean age 39.6 years,

s.d.s.d.¼9.8), of whom 10 (52.6%) were9.8), of whom 10 (52.6%) were

womenwomen, were recruited at the Depression, were recruited at the Depression

Clinical and Research Program at Massa-Clinical and Research Program at Massa-

chusetts General Hospital for a clinical trialchusetts General Hospital for a clinical trial

in people with treatment-resistant depres-in people with treatment-resistant depres-

sion, beginning with open-label nortripty-sion, beginning with open-label nortripty-

line (Nierenbergline (Nierenberg et alet al, 2003). Patients, 2003). Patients

eligible for inclusion were men and womeneligible for inclusion were men and women

aged 18–70 years with major depressiveaged 18–70 years with major depressive

disorder diagnosed using the SCID–P anddisorder diagnosed using the SCID–P and

a score on the HRSD of at least 18.a score on the HRSD of at least 18.

Treatment resistance was defined as non-Treatment resistance was defined as non-

response to at least one, but no more thanresponse to at least one, but no more than

five, adequate antidepressant trials duringfive, adequate antidepressant trials during

the current depressive episode.the current depressive episode.

Exclusion criteriaExclusion criteria

For both the depressive disorder samples,For both the depressive disorder samples,

exclusion criteria were bipolar disorder,exclusion criteria were bipolar disorder,

psychotic disorder, a history of organicpsychotic disorder, a history of organic

mental or seizure disorder, serious or un-mental or seizure disorder, serious or un-

stable medical illness, substance misuse orstable medical illness, substance misuse or

dependence disorder active within the pastdependence disorder active within the past

12 months, acute suicidal risk, pregnancy,12 months, acute suicidal risk, pregnancy,

lactation, history of adverse reaction or al-lactation, history of adverse reaction or al-

lergy to the study medications, concomitantlergy to the study medications, concomitant

use of psychotropic medications, clinical oruse of psychotropic medications, clinical or

laboratory evidence of thyroid abnormal-laboratory evidence of thyroid abnormal-

ities, an existing diagnosis of dementia orities, an existing diagnosis of dementia or

a score below 27 on the Mini-Mental Statea score below 27 on the Mini-Mental State

Examination (FolsteinExamination (Folstein et alet al, 1975), and any, 1975), and any

contraindication to magnetic resonancecontraindication to magnetic resonance

imaging, including metallic implants orimaging, including metallic implants or

severe claustrophobia.severe claustrophobia.

ControlsControls

We also recruited through advertisementsWe also recruited through advertisements

35 healthy volunteers, matched for age35 healthy volunteers, matched for age

and gender (40% females; mean age 39.3and gender (40% females; mean age 39.3

years, s.d.years, s.d.¼9.8). These volunteers under-9.8). These volunteers under-

went the physician-administered SCID–Pwent the physician-administered SCID–P

to rule out any Axis I psychopathology.to rule out any Axis I psychopathology.

Tests and proceduresTests and procedures

We assessed cardiovascular risk factors inWe assessed cardiovascular risk factors in

all participants with major depressive dis-all participants with major depressive dis-

order following the National Institutes oforder following the National Institutes of

Health Adult Treatment Panel III guide-Health Adult Treatment Panel III guide-

lines, based on the Framingham Heartlines, based on the Framingham Heart

Study (WilsonStudy (Wilson et alet al, 1998; Expert Panel, 1998; Expert Panel

18 018 0

BR IT I SH JOURNAL OF P SYCHIATRYBR IT I SH JOURNAL OF P SYCHIATRY ( 2 0 0 6 ) , 1 8 8 , 1 8 0 ^ 1 8 5( 2 0 0 6 ) , 1 8 8 , 1 8 0 ^ 1 8 5

Brain white-matter hyperintensities and treatmentBrain white-matter hyperintensities and treatment

outcome in major depressive disorderoutcome in major depressive disorder

DAN V. IOSIFESCU, PERRY F. RENSHAW, IN KYOON LYOO, HO KYU LEE,DAN V. IOSIFESCU, PERRY F. RENSHAW, IN KYOON LYOO, HO KYU LEE,
ROY H. PERLIS, GEORGE I. PAPAKOSTAS, ANDERW A. NIERENBERGROY H. PERLIS, GEORGE I. PAPAKOSTAS, ANDERW A. NIERENBERG
and MAURIZIO FAVAand MAURIZIO FAVA

AUTHOR’S PROOFAUTHOR’S PROOF

https://doi.org/10.1192/bjp.188.2.180 Published online by Cambridge University Press

https://doi.org/10.1192/bjp.188.2.180


WHITE MAT TER HYPERINTENS IT IES AND TREATMENT OUTCOME IN DEPRES S IONWHITE MAT TER HYPERINTENS IT IES AND TREATMENT OUTCOME IN DEPRES S ION

on Detection, Evaluation and Treatment ofon Detection, Evaluation and Treatment of

High Blood Cholesterol in Adults, 2001).High Blood Cholesterol in Adults, 2001).

We recorded, for each person in the twoWe recorded, for each person in the two

depression groups, age, gender, smokingdepression groups, age, gender, smoking

status, family history of cardiovascularstatus, family history of cardiovascular

disease, total serum cholesterol,disease, total serum cholesterol, personalpersonal

history of arterial hypertension andhistory of arterial hypertension and diabetes,diabetes,

and concomitant medications. We calcu-and concomitant medications. We calcu-

lated a cumulated cardiovascular risk scorelated a cumulated cardiovascular risk score

(range 0–6) by assigning a point for each of(range 0–6) by assigning a point for each of

the following six factors:the following six factors:

(a)(a) age: male 45 years old or more, femaleage: male 45 years old or more, female

55 years old or more;55 years old or more;

(b)(b) active smoking status within the past 12active smoking status within the past 12

months;months;

(c)(c) family history of premature vascularfamily history of premature vascular

disease (e.g. myocardial infarction,disease (e.g. myocardial infarction,

stroke) in male first-degree relativesstroke) in male first-degree relatives

under 55 years old, and in femaleunder 55 years old, and in female

first-degree relatives under 65 years old;first-degree relatives under 65 years old;

(d)(d) total cholesterol level greater thantotal cholesterol level greater than

5 mmol/l5 mmol/l;;

(e)(e) arterial hypertension (blood pressurearterial hypertension (blood pressure

over 140/90 mmHg, or use of anti-over 140/90 mmHg, or use of anti-

hypertensive medication);hypertensive medication);

(f)(f) diabetes mellitus.diabetes mellitus.

After the initial evaluation the non-After the initial evaluation the non-

treatment-resistant sample entered 8 weekstreatment-resistant sample entered 8 weeks

of open-label treatment with fluoxetineof open-label treatment with fluoxetine

20 mg daily, following a 1-week wash-out20 mg daily, following a 1-week wash-out

phase. The HRSD was administered at eachphase. The HRSD was administered at each

study visit (screen, baseline and then everystudy visit (screen, baseline and then every

other week for 8 weeks). The treatment-other week for 8 weeks). The treatment-

resistant group were prescribed nortripty-resistant group were prescribed nortripty-

line at an initial dosage of 25 mg, whichline at an initial dosage of 25 mg, which

was increased by 25 mg per day until awas increased by 25 mg per day until a

dosage of 100 mg was reached, unlessdosage of 100 mg was reached, unless

patients were unable to tolerate the dosagepatients were unable to tolerate the dosage

increase because of side-effects. Bloodincrease because of side-effects. Blood

levels of nortriptyline were measured atlevels of nortriptyline were measured at

weeks 2 and 6, and dosage adjustmentsweeks 2 and 6, and dosage adjustments

were made after the second week if bloodwere made after the second week if blood

levels were below 400 nmol/l. Participantslevels were below 400 nmol/l. Participants

then maintained their dosage of nortripty-then maintained their dosage of nortripty-

line for 6 weeks. The HRSD was adminis-line for 6 weeks. The HRSD was adminis-

tered at each study visit (screen, baselinetered at each study visit (screen, baseline

and then weekly for 6 weeks).and then weekly for 6 weeks).

Brain imaging proceduresBrain imaging procedures

All participants underwent brain magneticAll participants underwent brain magnetic

resonance imaging using a 1.5 T (Signa,resonance imaging using a 1.5 T (Signa,

General Electric, Milwaukee, Wisconsin,General Electric, Milwaukee, Wisconsin,

USA) whole-body imaging device. We ob-USA) whole-body imaging device. We ob-

tained axial proton-density images,tained axial proton-density images, TT22--

weighted images (echo time TEweighted images (echo time TE¼30/80 ms,30/80 ms,

repetition time TRrepetition time TR¼3000 ms, 2563000 ms, 25666192192

matrix; field of view 24 cm, flip angle 45matrix; field of view 24 cm, flip angle 4588,,
Nex value 0.5, 3 mm thick slices, no skip)Nex value 0.5, 3 mm thick slices, no skip)

and fluid-attenuated inversion recoveryand fluid-attenuated inversion recovery

(FLAIR) axial images (TE(FLAIR) axial images (TE¼133 ms,133 ms,

TRTR¼9002 ms, inversion time TI9002 ms, inversion time TI¼2200 ms,2200 ms,

25625666192 matrix; field of view 22 cm,192 matrix; field of view 22 cm,

5 mm thick slices, 2 mm skip). Voxel dimen-5 mm thick slices, 2 mm skip). Voxel dimen-

sions were 0.975 mmsions were 0.975 mm660.975 mm0.975 mm663.0 mm.3.0 mm.

Analysis of the images was performed off-Analysis of the images was performed off-

line using a SUN Microsystems (Mountain-line using a SUN Microsystems (Mountain-

view, California, USA) Sparc2 workstationview, California, USA) Sparc2 workstation

and the radiological film. Lesions were clas-and the radiological film. Lesions were clas-

sified according to the Fazekas classificationsified according to the Fazekas classification

system (Fazekassystem (Fazekas et alet al, 1987), which pro-, 1987), which pro-

vides an assessment of severity of thevides an assessment of severity of the

white-matter hyperintensities, rated sepa-white-matter hyperintensities, rated sepa-

rately for the subcortical white matterrately for the subcortical white matter

(range 0–3) and the periventricular white(range 0–3) and the periventricular white

matter (range 0–3). The total white-mattermatter (range 0–3). The total white-matter

hyperintensity score was considered to behyperintensity score was considered to be

the higher of the subcortical score and thethe higher of the subcortical score and the

periventricular score, following previousperiventricular score, following previous

classifications of white-matter hyperinten-classifications of white-matter hyperinten-

sity in people with major depressive dis-sity in people with major depressive dis-

order (Krishnanorder (Krishnan et alet al, 1997). All ratings of, 1997). All ratings of

white-matter hyperintensities were done bywhite-matter hyperintensities were done by

an experienced neuroradiologist (H.K.L.),an experienced neuroradiologist (H.K.L.),

who was unaware of participant identitywho was unaware of participant identity

and clinical status. Another investigator inand clinical status. Another investigator in

the study (D.V.I.) assessed independently athe study (D.V.I.) assessed independently a

selection of 111 magnetic resonance imagesselection of 111 magnetic resonance images

using the same rating criteria, for measure-using the same rating criteria, for measure-

ment of interrater reliability. This was veryment of interrater reliability. This was very

good: the number of observed agreementsgood: the number of observed agreements

was 98 (88.3%) and weightedwas 98 (88.3%) and weighted kk¼0.82.0.82.

The presence of severe hyperintensitiesThe presence of severe hyperintensities

was defined as a Fazekas scale score of 2was defined as a Fazekas scale score of 2

or over, whereas scores below 2 were cate-or over, whereas scores below 2 were cate-

gorised as not severe, following previousgorised as not severe, following previous

classifications in people with majorclassifications in people with major

depressive disorder (Krishnandepressive disorder (Krishnan et alet al, 1997)., 1997).

In addition to the Fazekas scale scores, weIn addition to the Fazekas scale scores, we

determined the localisation of hyper-determined the localisation of hyper-

intensities by hemisphere (left or right).intensities by hemisphere (left or right).

Subcortical hyperintensities were alsoSubcortical hyperintensities were also

localised as being in the frontal lobe orlocalised as being in the frontal lobe or

not in the frontal lobe area, using thenot in the frontal lobe area, using the

central sulcus as a boundary.central sulcus as a boundary.

Data analysesData analyses

The clinical outcome variables were re-The clinical outcome variables were re-

sponse (reduction in HRSD score of 50%sponse (reduction in HRSD score of 50%

or more) and remission (final HRSD scoreor more) and remission (final HRSD score

of 7 or less). We analysed the clinical dataof 7 or less). We analysed the clinical data

using the last observation carried forwardusing the last observation carried forward

method. Group differences in demographicmethod. Group differences in demographic

and clinical variables involving continuousand clinical variables involving continuous

data were computed using analysis ofdata were computed using analysis of

variance (ANOVA) (age) or unpairedvariance (ANOVA) (age) or unpaired tt-tests-tests

(HRSD scores, percentage change in HRSD(HRSD scores, percentage change in HRSD

scores).scores).

The differences in the severity of white-The differences in the severity of white-

matter hyperintensities between partici-matter hyperintensities between partici-

pants in the two depression groups andpants in the two depression groups and

the healthy comparison sample were ana-the healthy comparison sample were ana-

lysed usinglysed using ww22-tests. We used multiple ordi--tests. We used multiple ordi-

nal logistic regression to test the associationnal logistic regression to test the association

between hyperintensity scores and cardio-between hyperintensity scores and cardio-

vascular risk factors. Analysis of variancevascular risk factors. Analysis of variance

was used to test the association betweenwas used to test the association between

hyperintensity scores and the total cardio-hyperintensity scores and the total cardio-

vascular risk score (sum of the sixvascular risk score (sum of the six

cardiovascular risk factors). Since age iscardiovascular risk factors). Since age is

one of the cardiovascular risk factors, theseone of the cardiovascular risk factors, these

analyses were not adjusted for age. Correla-analyses were not adjusted for age. Correla-

tions between clinical outcome variablestions between clinical outcome variables

(response and remission) and hyper-(response and remission) and hyper-

intensity scores were tested using logisticintensity scores were tested using logistic

regression, adjusted for age. Statisticalregression, adjusted for age. Statistical

significance was defined assignificance was defined as PP550.05,0.05,

two-tailed.two-tailed.

RESULTSRESULTS

The demographic and clinical characteris-The demographic and clinical characteris-

tics of the three study groups are presentedtics of the three study groups are presented

in Table 1. The initial HRSD scores forin Table 1. The initial HRSD scores for

depression severity were not statisticallydepression severity were not statistically

different between the two depressiondifferent between the two depression

groups: 21.6groups: 21.6 v.v. 20.2; unpaired20.2; unpaired tt-test,-test,

PP¼0.15.0.15.

The incidence of total brain white-The incidence of total brain white-

matter hyperintensities in the group withmatter hyperintensities in the group with

non-treatment-resistant depressive disordernon-treatment-resistant depressive disorder

(63%) was not statistically different from(63%) was not statistically different from

that of the treatment-resistant groupthat of the treatment-resistant group

(53%) or the control group (60%);(53%) or the control group (60%);

ww22¼0.881,0.881, PP¼0.83. Also, the incidence of0.83. Also, the incidence of

severe brain hyperintensities in the non-severe brain hyperintensities in the non-

treatment-resistant group (8%) was nottreatment-resistant group (8%) was not

statistically different from that of thestatistically different from that of the

treatment-resistant group (5%) or the con-treatment-resistant group (5%) or the con-

trol group (6%);trol group (6%); ww22¼0.364,0.364, PP¼0.95. As ex-0.95. As ex-

pected, the individual’s age correlated withpected, the individual’s age correlated with

the severity of brain hyperintensitiesthe severity of brain hyperintensities

(ANOVA, d.f.(ANOVA, d.f.¼117,117, FF¼11.0,11.0, PP¼0.0012).0.0012).

In all three study groups the majority ofIn all three study groups the majority of

subcortical hyperintensities were localisedsubcortical hyperintensities were localised

in the frontal lobe area: 87% of lesions inin the frontal lobe area: 87% of lesions in

the treatment-resistant group were in thethe treatment-resistant group were in the

frontal lobe, 79% of lesions in the non-frontal lobe, 79% of lesions in the non-

treatment-resistant group and 100% intreatment-resistant group and 100% in

the control group, with no statisticallythe control group, with no statistically

significant difference between groupssignificant difference between groups

((ww22¼0.825,0.825, PP¼0.22).0.22).

White-matter hyperintensitiesWhite-matter hyperintensities
and treatment outcomeand treatment outcome
After adjusting for age there was no statis-After adjusting for age there was no statis-

tically significant relationship between thetically significant relationship between the
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total hyperintensity severity score and thetotal hyperintensity severity score and the

clinical outcome measures of response toclinical outcome measures of response to

treatment and remission (Table 2). How-treatment and remission (Table 2). How-

ever, after adjusting for age, subcorticalever, after adjusting for age, subcortical

white-matter hyperintensities in the leftwhite-matter hyperintensities in the left

hemisphere (and not in the right hemi-hemisphere (and not in the right hemi-

sphere) were correlated with lower ratessphere) were correlated with lower rates

of response (logistic regression coefficientof response (logistic regression coefficient

2.31,2.31, ww22¼4.37,4.37, PP¼0.036, odds ratio 10.1,0.036, odds ratio 10.1,

95% CI 1.16–87.71) and remission (logistic95% CI 1.16–87.71) and remission (logistic

regression coefficient 2.69,regression coefficient 2.69, ww22¼4.04,4.04,

PP¼0.045, OR0.045, OR¼14.7, 95% CI 1.07–202.7)14.7, 95% CI 1.07–202.7)

after antidepressant treatment. Whenafter antidepressant treatment. When

treatment resistance status was used as atreatment resistance status was used as a

stratification variable in the analysis,stratification variable in the analysis,

subcortical white-matter hyperintensitiessubcortical white-matter hyperintensities

in the left hemisphere were significantlyin the left hemisphere were significantly

correlated with lower rates of treatmentcorrelated with lower rates of treatment

response (logistic regression coefficientresponse (logistic regression coefficient

772.46,2.46, ww22¼4.11,4.11, PP¼0.042, OR0.042, OR¼11.6,11.6,

95% CI 1.09–125.2), but the correlation95% CI 1.09–125.2), but the correlation

between remission and subcortical hyper-between remission and subcortical hyper-

intensities in the left hemisphere did not reachintensities in the left hemisphere did not reach

statistical significance (logistic regressionstatistical significance (logistic regression

coefficientcoefficient 772.34,2.34, ww22¼3.19,3.19, PP¼0.074,0.074,

OROR¼10.4, 95% CI 0.8–135.1). Of note,10.4, 95% CI 0.8–135.1). Of note,

there was no significant difference in thethere was no significant difference in the

incidence of subcortical hyperintensities inincidence of subcortical hyperintensities in

the left hemisphere between the treatment-the left hemisphere between the treatment-

resistant and the non-treatment-resistantresistant and the non-treatment-resistant

depression groups (26%depression groups (26% v.v. 23%;23%; PP440.05).0.05).

After adjusting for age there was no statis-After adjusting for age there was no statis-

tically significant relationship between peri-tically significant relationship between peri-

ventricular white-matter hyperintensities andventricular white-matter hyperintensities and

response to treatment or remission (Table 2).response to treatment or remission (Table 2).

Correlation between white-matterCorrelation between white-matter
hyperintensities and cardiovascularhyperintensities and cardiovascular
risk factorsrisk factors
The white-matter hyperintensity scoreThe white-matter hyperintensity score

was significantly correlated with thewas significantly correlated with the

cardiovascular risk score (cardiovascular risk score (PP¼0.037; Table0.037; Table

3). In a multiple ordinal logistic regression3). In a multiple ordinal logistic regression

analysis examining individual cardiovascularanalysis examining individual cardiovascular
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Table1Table1 Clinical and demographic characteristics of the study participantsClinical and demographic characteristics of the study participants

Major depressive disorderMajor depressive disorder HealthyHealthy

Treatment-Treatment-

resistant groupresistant group

((nn¼19)19)

Non-treatment-Non-treatment-

resistant groupresistant group

((nn¼65)65)

volunteervolunteer

groupgroup

((nn¼35)35)

Age, years: mean (s.d.)Age, years: mean (s.d.) 39.6 (7.6)39.6 (7.6) 40.7 (10.2)40.7 (10.2) 39.2 (9.8)39.2 (9.8)

Gender, female:Gender, female: nn (%)(%) 10 (53)10 (53) 24 (37)24 (37) 14 (40)14 (40)

Cardiovascular risk score: mean (s.d.)Cardiovascular risk score: mean (s.d.) 1.35 (1.22)1.35 (1.22) 1.58 (1.21)1.58 (1.21)

White-matter hyperintensity (WMH) score,White-matter hyperintensity (WMH) score, nn (%)(%)11

TotalWMHTotal WMH

Total WMHTotal WMH¼00 9 (47)9 (47) 24 (37)24 (37) 14 (40)14 (40)

Total WMHTotal WMH¼11 9 (47)9 (47) 36 (55)36 (55) 19 (54)19 (54)

Total WMHTotal WMH¼22 0 (0)0 (0) 4 (6)4 (6) 2 (6)2 (6)

Total WMHTotal WMH¼33 1 (5)1 (5) 1 (2)1 (2) 0 (0)0 (0)

Any WMH (WMHAnyWMH (WMH551)1) 10 (53)10 (53) 41 (63)41 (63) 21 (60)21 (60)

SevereWMH (WMHSevereWMH (WMH552)2) 1 (5)1 (5) 5 (8)5 (8) 2 (6)2 (6)

Periventricular WMH (PWMH)Periventricular WMH (PWMH)

PWMHPWMH¼00 13 (68)13 (68) 36 (55)36 (55) 20 (57)20 (57)

PWMHPWMH¼11 6 (32)6 (32) 27 (42)27 (42) 14 (40)14 (40)

PWMHPWMH¼22 0 (0)0 (0) 2 (3)2 (3) 1 (3)1 (3)

PWMHPWMH¼33 0 (0)0 (0) 0 (0)0 (0) 0 (0)0 (0)

Any PWHM (PWHMAny PWHM (PWHM551)1) 6 (32)6 (32) 29 (45)29 (45) 15 (43)15 (43)

Severe PWMH (PWMHSevere PWMH (PWMH552)2) 0 (0)0 (0) 2 (3)2 (3) 1 (3)1 (3)

Deep (subcortical) WMH (DWMH)Deep (subcortical) WMH (DWMH)

DWMHDWMH¼00 11 (58)11 (58) 46 (71)46 (71) 22 (63)22 (63)

DWMHDWMH¼11 7 (37)7 (37) 16 (25)16 (25) 12 (34)12 (34)

DWMHDWMH¼22 0 (0)0 (0) 2 (3)2 (3) 1 (3)1 (3)

DWMHDWMH¼33 1 (5)1 (5) 1 (2)1 (2) 0 (0)0 (0)

Any DWMH (DWMHAny DWMH (DWMH551)1) 8 (42)8 (42) 19 (29)19 (29) 13 (37)13 (37)

Severe DWMH (DWMHSevere DWMH (DWMH552)2) 1 (5)1 (5) 3 (5)3 (5) 1 (3)1 (3)

Left-sided DWMHLeft-sided DWMH 5 (26)5 (26) 15 (23)15 (23) 8 (23)8 (23)

HRSD scores: mean (s.d.)HRSD scores: mean (s.d.)

BaselineBaseline 21.6 (3.2)21.6 (3.2) 20.2 (3.8)20.2 (3.8)

After treatmentAfter treatment 18.4 (5.1)18.4 (5.1) 10.8 (7.3)10.8 (7.3)

Percentage change in scorePercentage change in score 0.14 (0.25)0.14 (0.25) 0.48 (0.34)0.48 (0.34)

Response,Response, nn (%)(%) 1 (5)1 (5) 35 (54)35 (54)

Remission,Remission, nn (%)(%) 1 (5)1 (5) 30 (46)30 (46)

HRSD,17-item Hamilton Rating Scale for Depression.HRSD,17-item Hamilton Rating Scale for Depression.
1. Fazekas score.1. Fazekas score.

Table 2Table 2 Multivariate logistic regression analyses for prediction of clinical response and remission by the severity of brainwhite-matter hyperintensities, adjusted for ageMultivariate logistic regression analyses for prediction of clinical response and remission by the severity of brainwhite-matter hyperintensities, adjusted for age

Lack of clinical responseLack of clinical response11 Lack of clinical remissionLack of clinical remission22

CoefficientCoefficient ww22 PP OR (95% CI)OR (95% CI) CoefficientCoefficient ww22 PP OR (95% CI)OR (95% CI)

TotalWMHTotal WMH 0.360.36 1.111.11 0.290.29 1.43 (0.74^2.76)1.43 (0.74^2.76) 0.260.26 0.010.01 0.930.93 1.03 (0.55^1.91)1.03 (0.55^1.91)

Subcortical WMHSubcortical WMH 0.350.35 1.061.06 0.300.30 1.41 (0.73^2.71)1.41 (0.73^2.71) 0.130.13 0.140.14 0.710.71 1.13 (0.59^2.17)1.13 (0.59^2.17)

Left subcortical WMHLeft subcortical WMH 2.312.31 4.374.37 0.036*0.036* 10.07 (1.16^87.71)10.07 (1.16^87.71) 2.692.69 4.044.04 0.045*0.045* 14.71 (1.07^202.70)14.71 (1.07^202.70)

Right subcortical WMHRight subcortical WMH 0.710.71 0.480.48 0.490.49 2.03 (0.27^15.21)2.03 (0.27^15.21) 0.580.58 0.260.26 0.610.61 0.56 (0.06^5.20)0.56 (0.06^5.20)

Periventricular WMHPeriventricular WMH 0.040.04 0.010.01 0.920.92 1.04 (0.46^2.37)1.04 (0.46^2.37) 0.030.03 0.000.00 0.990.99 1.00 (0.43^2.34)1.00 (0.43^2.34)

OR, odds ratio;WMH, white-matter hyperintensity.OR, odds ratio;WMH, white-matter hyperintensity.
**PP550.05.0.05.
1. Response defined as a reduction in the score on the17-item Hamilton Rating Scale for Depression of 50% ormore.1. Response defined as a reduction in the score on the17-item Hamilton Rating Scale for Depression of 50% or more.
2. Remission defined as final score of 7 or below on the Hamilton Rating Scale for Depression.2. Remission defined as final score of 7 or below on the Hamilton Rating Scale for Depression.
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risk factors as predictors, greater total brainrisk factors as predictors, greater total brain

white-matter hyperintensity score waswhite-matter hyperintensity score was

associated with age (associated with age (PP¼0.016) and with0.016) and with

hypertension (hypertension (PP¼0.001). Two other0.001). Two other

cardiovascular risk factors did not reachcardiovascular risk factors did not reach

statistical significance in relation to totalstatistical significance in relation to total

hyperintensity score: cholesterol levelhyperintensity score: cholesterol level

((PP¼0.053) and family history of cardiovas-0.053) and family history of cardiovas-

cular disease (cular disease (PP¼0.098). The presence of0.098). The presence of

diabetes and smoking status were not corre-diabetes and smoking status were not corre-

lated with the total hyperintensity score.lated with the total hyperintensity score.

The presence of severe hyperintensities alsoThe presence of severe hyperintensities also

correlated with age (correlated with age (PP¼0.012) and with0.012) and with

hypertension (hypertension (PP¼0.041), as well as with0.041), as well as with

the total cardiovascular risk scorethe total cardiovascular risk score

((PP¼0.011).0.011).

The total cardiovascular risk score wasThe total cardiovascular risk score was

correlated with the severity of periventricu-correlated with the severity of periventricu-

lar hyperintensities (lar hyperintensities (PP¼0.008) and of sub-0.008) and of sub-

cortical hyperintensities (cortical hyperintensities (PP¼0.047). In a0.047). In a

multiple logistic regression, the severity ofmultiple logistic regression, the severity of

periventricular hyperintensity correlatedperiventricular hyperintensity correlated

with age (with age (PP¼0.023) and hypercholestero-0.023) and hypercholestero-

laemia (laemia (PP¼0.017), whereas hypertension0.017), whereas hypertension

did not reach statistical significancedid not reach statistical significance

((PP¼0.088). Hypertension also did not reach0.088). Hypertension also did not reach

statistical significance in relation to sub-statistical significance in relation to sub-

cortical hypertensities (cortical hypertensities (PP¼0.078). Other0.078). Other

cardiovascular risk factors did not correlatecardiovascular risk factors did not correlate

with the severity of periventricular or sub-with the severity of periventricular or sub-

cortical white-matter hyperintensities.cortical white-matter hyperintensities.

DISCUSSIONDISCUSSION

This is to our knowledge the first studyThis is to our knowledge the first study

investigating the impact of brain white-investigating the impact of brain white-

matter hyperintensities on antidepressantmatter hyperintensities on antidepressant

treatment outcome in a non-geriatric studytreatment outcome in a non-geriatric study

sample. There are several important find-sample. There are several important find-

ings in this study. First, although we foundings in this study. First, although we found

no correlation between global white-matterno correlation between global white-matter

hyperintensity measures and clinical out-hyperintensity measures and clinical out-

come, subcortical hyperintensities in thecome, subcortical hyperintensities in the

left hemisphere were associated with poorleft hemisphere were associated with poor

outcome of antidepressant treatment. Pre-outcome of antidepressant treatment. Pre-

vious studies in geriatric populations havevious studies in geriatric populations have

described an association between sub-described an association between sub-

cortical and basal ganglia white-mattercortical and basal ganglia white-matter

hyperintensity (and not periventricularhyperintensity (and not periventricular

hyperintensity) and poor treatment out-hyperintensity) and poor treatment out-

come in major depressive disorder (Hickiecome in major depressive disorder (Hickie

et alet al, 1997; O’Brien, 1997; O’Brien et alet al, 1998; Simpson, 1998; Simpson

et alet al, 1998; Steffens, 1998; Steffens et alet al, 2002). However,, 2002). However,

to our knowledge there is no otherto our knowledge there is no other

report indicating a differential impact ofreport indicating a differential impact of

left-hemisphere subcortical white-matterleft-hemisphere subcortical white-matter

hyperintensity on treatment outcome inhyperintensity on treatment outcome in

major depressive disorder. Further studiesmajor depressive disorder. Further studies

will be needed to validate this association.will be needed to validate this association.

Our finding is consistent with the reportOur finding is consistent with the report

of Greenwaldof Greenwald et alet al (1998), in which left(1998), in which left

frontal subcortical white-matter lesions sig-frontal subcortical white-matter lesions sig-

nificantly correlated with the diagnosis ofnificantly correlated with the diagnosis of

major depression. Also, previous reportsmajor depression. Also, previous reports

in post-stroke depression have indicatedin post-stroke depression have indicated

left-sided frontal lobe lesions as predictorsleft-sided frontal lobe lesions as predictors

of severity of depression at 3 months andof severity of depression at 3 months and

6 months after the stroke (Robinson6 months after the stroke (Robinson etet

alal, 1985); left frontal localisation of stroke, 1985); left frontal localisation of stroke

was not predictive of depression at long-was not predictive of depression at long-

term follow-up (Shimoda & Robinson,term follow-up (Shimoda & Robinson,

1999). However, this pattern would be con-1999). However, this pattern would be con-

sistent with the results we are reportingsistent with the results we are reporting

here, as only short-term, acute-phase treat-here, as only short-term, acute-phase treat-

ment outcomes were measured in ourment outcomes were measured in our

study.study.

A second important finding in ourA second important finding in our

study was that brain white-matter hyper-study was that brain white-matter hyper-

intensities were correlated with cardio-intensities were correlated with cardio-

vascular risk factors in non-elderly peoplevascular risk factors in non-elderly people

with major depressive disorder. It is there-with major depressive disorder. It is there-

fore possible that a large proportion offore possible that a large proportion of

brain hyperintensities in this younger popu-brain hyperintensities in this younger popu-

lation might be vascular in origin. Ourlation might be vascular in origin. Our

result is consistent with findings in non-result is consistent with findings in non-

psychiatric populations, where brainpsychiatric populations, where brain

white-matter hyperintensities have beenwhite-matter hyperintensities have been

associated with age, cerebrovascular dis-associated with age, cerebrovascular dis-

ease (Awadease (Awad et alet al, 1986; Fazekas, 1986; Fazekas et alet al,,

1993) and cardiovascular risk factors such1993) and cardiovascular risk factors such

as smoking, arterial hypertension and in-as smoking, arterial hypertension and in-

creased serum cholesterol (Bretelercreased serum cholesterol (Breteler et alet al,,

1994; Liao1994; Liao et alet al, 1997; Schmidt, 1997; Schmidt et alet al,,

1997). In neuropathological analyses of1997). In neuropathological analyses of

brains from people with major depressivebrains from people with major depressive

disorder, subcortical white-matter hyperin-disorder, subcortical white-matter hyperin-

tensities were all ischaemic (Thomastensities were all ischaemic (Thomas et alet al,,

2002), whereas periventricular lesions had2002), whereas periventricular lesions had

multiple causes (Thomasmultiple causes (Thomas et alet al, 2003)., 2003).

One possible interpretation of our re-One possible interpretation of our re-

sults is that cardiovascular risk factors cor-sults is that cardiovascular risk factors cor-

relate with a higher severity of subcorticalrelate with a higher severity of subcortical

white-matter lesions, which in turn corre-white-matter lesions, which in turn corre-

lates with poor treatment outcome inlates with poor treatment outcome in

depression. This interpretation would bedepression. This interpretation would be

consistent with the ‘vascular depression’consistent with the ‘vascular depression’

model. However, the vascular depressionmodel. However, the vascular depression

hypothesis would call for a higher preva-hypothesis would call for a higher preva-

lence of hyperintensities in patients with de-lence of hyperintensities in patients with de-

pression compared with normal controls,pression compared with normal controls,

which was not found in our study. Also,which was not found in our study. Also,

the vascular depression model would sug-the vascular depression model would sug-

gest a relationship between global measuresgest a relationship between global measures

of brain white-matter hyperintensities andof brain white-matter hyperintensities and

treatment outcome, whereas in our sampletreatment outcome, whereas in our sample

only subcortical hyperintensities in the leftonly subcortical hyperintensities in the left

hemisphere (and no other hyperintensities)hemisphere (and no other hyperintensities)

were associated with poor response towere associated with poor response to

antidepressant treatment. Other factors,antidepressant treatment. Other factors,

such as interruption by white-mattersuch as interruption by white-matter

hyperintensities of specific white-matterhyperintensities of specific white-matter

tracts involved in mood regulation, maytracts involved in mood regulation, may

explain our observed result of a selectiveexplain our observed result of a selective

impact of left-hemisphere subcorticalimpact of left-hemisphere subcortical

hyperintensihyperintensities on treatment outcome.ties on treatment outcome.

Other predictorsOther predictors of treatment outcome,of treatment outcome,

which may mediate the relationshipwhich may mediate the relationship

between white-matter hyperintensity andbetween white-matter hyperintensity and

treatment response, might have been missedtreatment response, might have been missed

in this study owing to the relatively smallin this study owing to the relatively small

sample size.sample size.

There are several limitations to ourThere are several limitations to our

study. First, we used a whole-brain ratingstudy. First, we used a whole-brain rating

scale (Fazekasscale (Fazekas et alet al, 1987) to assess the, 1987) to assess the

severity of brain white-matter hyper-severity of brain white-matter hyper-

intensities. Although most studies on thisintensities. Although most studies on this

topic reported using modified versions oftopic reported using modified versions of

the Fazekas scale, this method does notthe Fazekas scale, this method does not

allow for a detailed morphological andallow for a detailed morphological and

volumetric analysis of brain white-mattervolumetric analysis of brain white-matter

hyperintensity (Taylorhyperintensity (Taylor et alet al, 2003). We, 2003). We

did not measure hyperintensity localisa-did not measure hyperintensity localisa-

tions such as basal ganglia, which havetions such as basal ganglia, which have

been previously described as associatedbeen previously described as associated

with treatment outcome in major depres-with treatment outcome in major depres-

sive disorder (Simpsonsive disorder (Simpson et alet al, 1998). Second,, 1998). Second,

we measured only total cholesterol and notwe measured only total cholesterol and not

fractions of cholesterol, therefore our re-fractions of cholesterol, therefore our re-

sults may not reflect the full impact of thissults may not reflect the full impact of this

cardiovascular risk factor. Third, we havecardiovascular risk factor. Third, we have

a potential sampling bias, as we enrolleda potential sampling bias, as we enrolled

participants from two antidepressant trialsparticipants from two antidepressant trials

with specific inclusion and exclusionwith specific inclusion and exclusion

criteria and with different treatmentscriteria and with different treatments

(fluoxetine and nortriptyline); as a result,(fluoxetine and nortriptyline); as a result,

this sample may not directly reflect thethis sample may not directly reflect the

typical out-patient population.typical out-patient population.
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CLINICAL IMPLICATIONSCLINICAL IMPLICATIONS

&& Subcortical white-matter hyperintensities in the left hemispherewere associatedSubcortical white-matter hyperintensities in the left hemispherewere associated
with poor response to antidepressant treatment inmajor depressive disorder, butwewith poor response to antidepressant treatment inmajor depressive disorder, butwe
found no correlation between global white-matter hyperintensitymeasures andfound no correlation between global white-matter hyperintensitymeasures and
clinical outcome.clinical outcome.

&& In younger peoplewithmajor depressive disorder, the presence of suchIn younger peoplewithmajor depressive disorder, the presence of such
hyperintensities was associated with cardiovascular risk factors (hypertension andhyperintensities was associatedwith cardiovascular risk factors (hypertension and
age) andwith the total cardiovascular risk score.age) andwith the total cardiovascular risk score.

&& We found no difference in the prevalence or distribution of white-matterWe found no difference in the prevalence or distribution of white-matter
hyperintensities between healthy volunteers and two groups of younger peoplewithhyperintensities between healthy volunteers and two groups of younger peoplewith
depression (treatment-resistant and non-treatment-resistant).depression (treatment-resistant and non-treatment-resistant).

LIMITATIONSLIMITATIONS

&& We cannot exclude significant effects of white-matter hyperintensities in specificWe cannot exclude significant effects of white-matter hyperintensities in specific
brain regions not examined here.brain regions not examined here.

&& We cannot assess the role of fractions of cholesterol (important cardiovascularWe cannot assess the role of fractions of cholesterol (important cardiovascular
risk factors), as only total cholesterolwasmeasured.risk factors), as only total cholesterol wasmeasured.

&& We enrolled participants from two separate antidepressant trials, using differentWe enrolled participants from two separate antidepressant trials, using different
treatments (fluoxetine and nortriptyline).treatments (fluoxetine and nortriptyline).
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