
BackgroundBackground AssociationsbetweenAssociations between

vascular risk factors and late-lifevascular risk factors and late-life

depression are controversial.depression are controversial.

AimsAims To investigate the associationTo investigate the association

betweenmeasures of vasculardisease/betweenmeasures of vasculardisease/

risk and depression and confoundingandrisk and depression and confoundingand

effectmodificationby APOEgenotypeeffectmodification by APOEgenotype

and cognitive function.and cognitive function.

MethodMethod In a Korean communityIn a Korean community

population aged 65+ (population aged 65+ (nn¼732), diagnosis of732), diagnosis of

depression (Geriatric Mental Statedepression (Geriatric Mental State

Schedule) and information onvascularSchedule) and information onvascular

status, disability,APOEgenotype andstatus, disability,APOEgenotype and

cognitive functionwere obtained.cognitive functionwere obtained.

ResultsResults Previous stroke and lowerPrevious stroke and lower

high-densitylipoprotein cholesterollevelhigh-density lipoprotein cholesterollevel

(but neitherhypertensionnordiabetes)(butneitherhypertensionnordiabetes)

were significantly associatedwithwere significantly associatedwith

depression (independentlyof disabilitydepression (independentlyof disability

and cognitive function).These associationsand cognitive function).These associations

were stronger inparticipantswithwere stronger inparticipantswith

borderline cognitiveimpairment, althoughborderline cognitiveimpairment, although

notto a significantextent.notto a significantextent.

ConclusionsConclusions Except for previousExcept for previous

stroke and an atherogenic lipidprofile,stroke and an atherogenic lipidprofile,

associationsbetween depression andassociations between depression and

othercommonrisk factors forothercommonrisk factors for

cerebrovasculardiseasewere notevident.cerebrovasculardiseasewerenotevident.
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The role of cerebrovascular disease inThe role of cerebrovascular disease in

depression arising in late life has attracteddepression arising in late life has attracted

increasing research, with studies suggestingincreasing research, with studies suggesting

greater than expected comorbidity (Alexo-greater than expected comorbidity (Alexo-

poulospoulos et alet al, 1997). Important but unre-, 1997). Important but unre-

solved issues are whether people at risksolved issues are whether people at risk

of cerebrovascular disease are at increasedof cerebrovascular disease are at increased

risk of depression and, if so, the extent torisk of depression and, if so, the extent to

which this is accounted for by levels ofwhich this is accounted for by levels of

general disability (Stewartgeneral disability (Stewart et alet al, 2001)., 2001).

We sought to address these questions in aWe sought to address these questions in a

community study of older people carriedcommunity study of older people carried

out in South Korea. Vascular disease is re-out in South Korea. Vascular disease is re-

cognised to be an important risk factor forcognised to be an important risk factor for

dementia that may be preceded by depres-dementia that may be preceded by depres-

sion as a prodromal syndrome, accountingsion as a prodromal syndrome, accounting

for associations with cerebrovascular dis-for associations with cerebrovascular dis-

ease. A further objective, therefore, wasease. A further objective, therefore, was

to investigate whether associations be-to investigate whether associations be-

tween vascular risk factors and depressiontween vascular risk factors and depression

were stronger in the presence of cognitivewere stronger in the presence of cognitive

impairment.impairment.

METHODMETHOD

A community survey of late-life psychiatricA community survey of late-life psychiatric

morbidity was carried out in Kwangju,morbidity was carried out in Kwangju,

South Korea in 2001, in collaboration withSouth Korea in 2001, in collaboration with

the 10/66 Dementia in Developing Coun-the 10/66 Dementia in Developing Coun-

tries Research Programme (10/66 Dementiatries Research Programme (10/66 Dementia

Research Group, 2000). The study has beenResearch Group, 2000). The study has been

described in detail in previous publicationsdescribed in detail in previous publications

(Kim(Kim et alet al, 2003, 2003aa).).

Study populationStudy population

Potential participants for this study werePotential participants for this study were

recruited from all inhabitants aged 65recruited from all inhabitants aged 65

years or over recorded in national resi-years or over recorded in national resi-

dents registration lists within two areasdents registration lists within two areas

(one urban, one rural) of Kwangju,(one urban, one rural) of Kwangju,

South Korea, in 2001. The study wasSouth Korea, in 2001. The study was

approved by Chonnam National Univer-approved by Chonnam National Univer-

sity Hospital Review Board. After send-sity Hospital Review Board. After send-

ing a letter explaining the purpose ofing a letter explaining the purpose of

the study to all eligible older people,the study to all eligible older people,

written informed consent was obtainedwritten informed consent was obtained

from all participants.from all participants.

Assessment proceduresAssessment procedures
and measuresandmeasures

This study was conducted in two phases.This study was conducted in two phases.

Sixteen graduate-level research assistants,Sixteen graduate-level research assistants,

trained and supervised by the project psy-trained and supervised by the project psy-

chiatrist, carried out home-based interviewschiatrist, carried out home-based interviews

with participants and their family members.with participants and their family members.

This included a fully structured diagnosticThis included a fully structured diagnostic

interview for depression, information oninterview for depression, information on

vascular risk/disease and data on demo-vascular risk/disease and data on demo-

graphic characteristics, disability and cog-graphic characteristics, disability and cog-

nitive function. At a second interviewnitive function. At a second interview

(attempted in all participants), further(attempted in all participants), further

examination for vascular risk/disease andexamination for vascular risk/disease and

blood tests for APOE genotype were admi-blood tests for APOE genotype were admi-

nistered by two expert teams consisting of anistered by two expert teams consisting of a

psychiatrist, a senior nurse and a psycholo-psychiatrist, a senior nurse and a psycholo-

gist. At both stages, home visits weregist. At both stages, home visits were

repeated on at least two occasions if norepeated on at least two occasions if no

contact was made. The mean (s.d.) intervalcontact was made. The mean (s.d.) interval

between the two interviews was 9 (5.4)between the two interviews was 9 (5.4)

days.days.

DepressionDepression

A community version of the GeriatricA community version of the Geriatric

Mental State Schedule was used (GMS B3;Mental State Schedule was used (GMS B3;

CopelandCopeland et alet al, 1986). This is a fully, 1986). This is a fully

structured diagnostic interview designedstructured diagnostic interview designed

for administration by lay personnel thatfor administration by lay personnel that

has been widely used and validated in inter-has been widely used and validated in inter-

national settings (Copelandnational settings (Copeland et alet al, 1991)., 1991).

Procedures for its Korean translation andProcedures for its Korean translation and

validation have been described elsewherevalidation have been described elsewhere

(Kim(Kim et alet al, 2003, 2003bb). Case-level depression). Case-level depression

was defined using the Automated Geriatricwas defined using the Automated Geriatric

Examination for Computer Assisted Taxon-Examination for Computer Assisted Taxon-

omy (AGECAT) algorithm, using standardomy (AGECAT) algorithm, using standard

(3+) cut-points for diagnostic confidence.(3+) cut-points for diagnostic confidence.

This computer algorithm has been designedThis computer algorithm has been designed

to elicit the presence of depression of clini-to elicit the presence of depression of clini-

cal significance, incorporating both moder-cal significance, incorporating both moder-

ate and severe syndromes. The AGECATate and severe syndromes. The AGECAT

algorithm gives Stage 1 (non-hierarchical)algorithm gives Stage 1 (non-hierarchical)

and Stage 2 (hierarchical) diagnoses of men-and Stage 2 (hierarchical) diagnoses of men-

tal disorder. For the purposes of this analy-tal disorder. For the purposes of this analy-

sis, depression was classified using thesis, depression was classified using the

Stage 1 output because we wished to in-Stage 1 output because we wished to in-

clude cognitive function in the explanatoryclude cognitive function in the explanatory

model and investigate rather than excludemodel and investigate rather than exclude

comorbidity.comorbidity.

Information on vascular risk/diseaseInformation on vascular risk/disease

Self-reported diagnoses of and treatmentSelf-reported diagnoses of and treatment

histories for stroke, heart disease, hyperten-histories for stroke, heart disease, hyperten-

sion and diabetes were recorded at the firstsion and diabetes were recorded at the first

phase of interviews. For stroke, it was codedphase of interviews. For stroke, it was coded

only if there was clear history of sudden on-only if there was clear history of sudden on-

set of unilateral paralysis and/or loss ofset of unilateral paralysis and/or loss of
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speech and/or blindness lasting for at least 2speech and/or blindness lasting for at least 2

days. Smoking history was ascertained.days. Smoking history was ascertained.

Examinations for vascular risk/diseaseExaminations for vascular risk/disease

Examinations were carried out at a secondExaminations were carried out at a second

phase of interviews. Resting blood pressurephase of interviews. Resting blood pressure

was taken with an automatic sphygmo-was taken with an automatic sphygmo-

manometer on the left arm in the sittingmanometer on the left arm in the sitting

position. The lower of two consecutiveposition. The lower of two consecutive

readings was used. Atherosclerotic vascularreadings was used. Atherosclerotic vascular

disease is associated with raised totaldisease is associated with raised total

cholesterol and, in particular, with acholesterol and, in particular, with a

profile of raised low-density lipoproteinprofile of raised low-density lipoprotein

(LDL) cholesterol and low high-density(LDL) cholesterol and low high-density

lipoprotein (HDL) cholesterol. Blood testslipoprotein (HDL) cholesterol. Blood tests

therefore were assayed for total, LDL andtherefore were assayed for total, LDL and

HDL cholesterol as well as glucose, trigly-HDL cholesterol as well as glucose, trigly-

cerides and APOE genotype. Participantscerides and APOE genotype. Participants

were instructed to be fasting, and bloodwere instructed to be fasting, and blood

sampling was performed during the morn-sampling was performed during the morn-

ings when possible. Height, weight, waistings when possible. Height, weight, waist

and hip were measured.and hip were measured.

Other potential risk factors for depressionOther potential risk factors for depression

Demographic data on age, gender and edu-Demographic data on age, gender and edu-

cation were recorded. Participants werecation were recorded. Participants were

asked about any previous episodes ofasked about any previous episodes of

depression prior to age 60 years. Disabilitydepression prior to age 60 years. Disability

was assessed using the Korean version ofwas assessed using the Korean version of

the World Health Organization Disabilitythe World Health Organization Disability

Assessment Schedule II (WHODAS II),Assessment Schedule II (WHODAS II),

which has been validated for assessing dis-which has been validated for assessing dis-

ability in old people and recommended forability in old people and recommended for

international use (Epping-Jordaninternational use (Epping-Jordan et alet al,,

2002). Cognitive function was evaluated2002). Cognitive function was evaluated

using the Korean version of the Mini-using the Korean version of the Mini-

Mental State Examination (MMSE–K; ParkMental State Examination (MMSE–K; Park

& Kwon, 1990), which has been developed& Kwon, 1990), which has been developed

specifically for use in older Korean popula-specifically for use in older Korean popula-

tions, with revised items taking intotions, with revised items taking into

account low educational attainment andaccount low educational attainment and

high rates of illiteracy. Standard cut-offshigh rates of illiteracy. Standard cut-offs

have been recommended for this measurehave been recommended for this measure

(Park(Park et alet al, 1991), with scores of 21–24, 1991), with scores of 21–24

(out of 30) representing borderline cogni-(out of 30) representing borderline cogni-

tive function and 20 or below representingtive function and 20 or below representing

significant impairment. All these measuressignificant impairment. All these measures

were taken at the first stage of interviews.were taken at the first stage of interviews.

Statistical analysisStatistical analysis

Vascular risk factors and the presence ofVascular risk factors and the presence of

clinical vascular disease were comparedclinical vascular disease were compared

according to case-level depression in allaccording to case-level depression in all

participants at the first interview. All sub-participants at the first interview. All sub-

sequent analyses were restricted to thosesequent analyses were restricted to those

who completed the two interviews and thewho completed the two interviews and the

blood tests. Potential associations betweenblood tests. Potential associations between

vascular risk/disease and depressionvascular risk/disease and depression

((PP550.1 in univariate analysis) were ana-0.1 in univariate analysis) were ana-

lysed further using stepwise logistic or linearlysed further using stepwise logistic or linear

regression models to investigate confound-regression models to investigate confound-

ing by demographic characteristics anding by demographic characteristics and

mediation by disability (WHODAS II) andmediation by disability (WHODAS II) and

cognitive function (MMSE–K). Secondarycognitive function (MMSE–K). Secondary

analyses were carried out to investigateanalyses were carried out to investigate

effect modification by cognitive function,effect modification by cognitive function,

using recommended cut-offs for theusing recommended cut-offs for the

MMSE–K (ParkMMSE–K (Park et alet al, 1991) for stratified, 1991) for stratified

analyses, and likelihood ratio tests for inter-analyses, and likelihood ratio tests for inter-

action terms within regression models. As aaction terms within regression models. As a

final procedure, analyses were repeated byfinal procedure, analyses were repeated by

excluding participants who reported anyexcluding participants who reported any

episode of depression occurring before ageepisode of depression occurring before age

60 years.60 years.

RESULTSRESULTS

RecruitmentRecruitment

Of 1566 inhabitants aged 65 years or overOf 1566 inhabitants aged 65 years or over

identified from the registration lists, 1204identified from the registration lists, 1204

(77%) completed the first interview with re-(77%) completed the first interview with re-

search assistants. Of the remainder, contactsearch assistants. Of the remainder, contact

could not be established with 195 (12%),could not be established with 195 (12%),

71 (5%) refused to participate, 55 (4%)71 (5%) refused to participate, 55 (4%)

had no fixed abode, 28 (2%) had changedhad no fixed abode, 28 (2%) had changed

address and 9 (1%) had died before the vis-address and 9 (1%) had died before the vis-

it. No significant differences were observedit. No significant differences were observed

in age (mean ages of 72.2 and 72.4, respec-in age (mean ages of 72.2 and 72.4, respec-

tively) and gender ratio (58% and 62%tively) and gender ratio (58% and 62%

female, respectively) between participantsfemale, respectively) between participants

and non-participants.and non-participants.

Of the participants in the first interview,Of the participants in the first interview,

732 (61%) participated in the second,732 (61%) participated in the second,

more-intensive examination. Of non-more-intensive examination. Of non-

participants at this stage, contact couldparticipants at this stage, contact could

not be established with 321 (27%), 92not be established with 321 (27%), 92

refused (8%), 4 had died in the intervalrefused (8%), 4 had died in the interval

((551%) and data were missing for 551%) and data were missing for 55

(5%). The principal apparent reason for(5%). The principal apparent reason for

attrition was that contact could not beattrition was that contact could not be

established because the person was repeat-established because the person was repeat-

edly away from home at the time ofedly away from home at the time of

research visits. Participants at both inter-research visits. Participants at both inter-

views were less educated than those presentviews were less educated than those present

at the first interview only (mean (s.d.) yearsat the first interview only (mean (s.d.) years

of education were 3.4 (4.2) and 4.0 (4.4),of education were 3.4 (4.2) and 4.0 (4.4),

respectively;respectively; PP¼0.035) and had lower0.035) and had lower

cognitive function (mean (s.d.) scores oncognitive function (mean (s.d.) scores on

the MMSE–K were 23.3 (5.0) and 24.3the MMSE–K were 23.3 (5.0) and 24.3

(5.1), respectively;(5.1), respectively; PP¼0.002). However,0.002). However,

no significant differences were observedno significant differences were observed

between the participants and non-partici-between the participants and non-partici-

pants in terms of age (mean ages of 72.8pants in terms of age (mean ages of 72.8

and 72.2, respectively), gender (59% andand 72.2, respectively), gender (59% and

57% female), disability (mean WHODAS57% female), disability (mean WHODAS

II scores of 7.1 and 5.9) and GMS depres-II scores of 7.1 and 5.9) and GMS depres-

sion (14% and 13%). There were also nosion (14% and 13%). There were also no

substantial differences in associationssubstantial differences in associations

between vascular risk factors (ascertainedbetween vascular risk factors (ascertained

at the first phase) and depression betweenat the first phase) and depression between

all participants of the first phase and theall participants of the first phase and the

subgroup who were present at the secondsubgroup who were present at the second

phase. For example, the odds ratios (95%phase. For example, the odds ratios (95%

CI) for the associations between depressionCI) for the associations between depression

and stroke, hypertension and diabetes wereand stroke, hypertension and diabetes were

4.57 (2.74–7.62), 1.32 (0.93–1.88) and4.57 (2.74–7.62), 1.32 (0.93–1.88) and

1.35 (0.82–2.23), respectively, for all1.35 (0.82–2.23), respectively, for all

participants in the first phase (participants in the first phase (nn¼1204)1204)

and 3.68 (1.99–6.79), 1.48 (0.97–2.27)and 3.68 (1.99–6.79), 1.48 (0.97–2.27)

and 1.67 (0.94–2.99) in those present atand 1.67 (0.94–2.99) in those present at

the second phase (the second phase (nn¼732). Further analyses732). Further analyses

therefore were restricted to the subgrouptherefore were restricted to the subgroup

present at both interviews.present at both interviews.

Univariate associationsUnivariate associations
with depressionwith depression

Depression was present in 101 (14%) of theDepression was present in 101 (14%) of the

732 participants at the second interview.732 participants at the second interview.

Univariate associations between depressionUnivariate associations between depression

and vascular disease/risk are summarised inand vascular disease/risk are summarised in

Table 1. Depression was associated signifi-Table 1. Depression was associated signifi-

cantly with reported stroke and heart dis-cantly with reported stroke and heart dis-

ease in the sample at both interviews.ease in the sample at both interviews.

Depression was associated positively withDepression was associated positively with

reported hypertension and diabetes, withreported hypertension and diabetes, with

associations bordering on statistical signifi-associations bordering on statistical signifi-

cance. Depression was associated signifi-cance. Depression was associated signifi-

cantly with a lower level of HDLcantly with a lower level of HDL

cholesterol and a higher level of LDLcholesterol and a higher level of LDL

cholesterol.cholesterol.

With respect to other independent vari-With respect to other independent vari-

ables, depression was associated signifi-ables, depression was associated signifi-

cantly with female gender (odds ratiocantly with female gender (odds ratio

(OR)(OR)¼2.02; 95% CI 1.28–3.30), a greater2.02; 95% CI 1.28–3.30), a greater

number of physical illnesses (OR per illnessnumber of physical illnesses (OR per illness

reportedreported¼1.39; 95% CI 1.22–1.58) and1.39; 95% CI 1.22–1.58) and

lower scores on the MMSE–K (OR perlower scores on the MMSE–K (OR per

single point decreasesingle point decrease¼1.05; 95% CI 1.01–1.05; 95% CI 1.01–

1.09). Associations with increased age (OR1.09). Associations with increased age (OR

per year increaseper year increase¼1.03; 95% CI 0.99–1.03; 95% CI 0.99–

1.07) and lower education (OR per year1.07) and lower education (OR per year

decreasedecrease¼1.03; 95% CI 0.99–1.08) were1.03; 95% CI 0.99–1.08) were

of borderline significance.of borderline significance.

Univariate associations with APOEUnivariate associations with APOE
genotypegenotype

The APOE genotype frequencies were asThe APOE genotype frequencies were as

follows: e2/2, 1.5%; e2/3, 9%; e2/4, 1%;follows: e2/2, 1.5%; e2/3, 9%; e2/4, 1%;

e3/3, 71%; e3/4, 16%; e4/4, 1.5%. Thee3/3, 71%; e3/4, 16%; e4/4, 1.5%. The

APOE e4 allele was present in 132 partici-APOE e4 allele was present in 132 partici-

pants (18%). Previous stroke was reportedpants (18%). Previous stroke was reported

more frequently in participants with the e4more frequently in participants with the e4

allele (11%allele (11% vv. 6%,. 6%, PP¼0.067) and mean0.067) and mean

body mass index levels were significantlybody mass index levels were significantly

lower in those with e4 than in those withoutlower in those with e4 than in those without

(mean (s.d.) 22.1 (3.6) and 22.8 (3.5) kg/m(mean (s.d.) 22.1 (3.6) and 22.8 (3.5) kg/m22,,
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respectively;respectively; PP¼0.041). There0.041). There were no sig-were no sig-

nificant associations between presence ofnificant associations between presence of

the e4 allele and any of the other factorsthe e4 allele and any of the other factors

measured (vascular risk/disease, depression,measured (vascular risk/disease, depression,

disability and cognitive function). Thedisability and cognitive function). The

APOE e4 allele was associated overall withAPOE e4 allele was associated overall with

a more atherogenic lipid profile, but differ-a more atherogenic lipid profile, but differ-

ences were not significant (ences were not significant (PP440.1). Mean0.1). Mean

(s.d.) levels of cholesterol were 180(s.d.) levels of cholesterol were 180

(39) mg/dl in those with the e4 allele and(39) mg/dl in those with the e4 allele and

175 (34) mg/dl in those without this allele.175 (34) mg/dl in those without this allele.

Respective levels (mg/dl) were: HDL choles-Respective levels (mg/dl) were: HDL choles-

terol, 47 (14) and 48 (14); LDL cholesterol,terol, 47 (14) and 48 (14); LDL cholesterol,

100 (34) and 97; triglycerides, 162 (105)100 (34) and 97; triglycerides, 162 (105)

and 150 (81).and 150 (81).

Multivariate analysis of depressionMultivariate analysis of depression
and vascular disease/risk factorsand vascular disease/risk factors

Results of regression analyses are sum-Results of regression analyses are sum-

marised in Table 2. All associations be-marised in Table 2. All associations be-

tween depression and vascular disease/risktween depression and vascular disease/risk

were weakened by the inclusion of con-were weakened by the inclusion of con-

founding variables, particularly level offounding variables, particularly level of

disability. The positive associations withdisability. The positive associations with

stroke and a lower level of HDL cholesterolstroke and a lower level of HDL cholesterol

remained significant, whereas those withremained significant, whereas those with

other vascular factors were substantially di-other vascular factors were substantially di-

minished both in strength and significance.minished both in strength and significance.

Further adjustment for the APOE e4 alleleFurther adjustment for the APOE e4 allele

made no substantial difference. The oddsmade no substantial difference. The odds

ratio (95% CI) for the association betweenratio (95% CI) for the association between

depression and previous stroke was 2.73depression and previous stroke was 2.73

(1.37–5.59) in Model 3 (see Table 2) after(1.37–5.59) in Model 3 (see Table 2) after

further adjustment for the e4 allele. Thefurther adjustment for the e4 allele. The BB

values for the association between depres-values for the association between depres-

sion and HDL/LDL cholesterol levels weresion and HDL/LDL cholesterol levels were

774.17 (4.17 (777.34 to7.34 to 771.01) and 5.101.01) and 5.10

((771.93 to 12.14) in Model 3 after further1.93 to 12.14) in Model 3 after further

adjustment for e4.adjustment for e4.

Stratification by APOEStratification by APOE
and MMSE^Kand MMSE^K (Table 3)(Table 3)

Associations between depression, strokeAssociations between depression, stroke

and lower HDL cholesterol were strongerand lower HDL cholesterol were stronger

in the presence of the e4 allele. However,in the presence of the e4 allele. However,

interaction terms did not approach statisti-interaction terms did not approach statisti-

cal significance (data not shown;cal significance (data not shown; PP valuesvalues

for interaction termsfor interaction terms 440.1). Associations0.1). Associations

between depression and vascular risk fac-between depression and vascular risk fac-

tors also were generally stronger in groupstors also were generally stronger in groups

with borderline cognitive impairmentwith borderline cognitive impairment

(MMSE–K, 21–24), although again no indi-(MMSE–K, 21–24), although again no indi-

vidual interaction terms approached signif-vidual interaction terms approached signif-

icance (Table 3;icance (Table 3; PP values for interactionvalues for interaction

termsterms 440.1).0.1).

Restriction by previous historyRestriction by previous history
of depressionof depression

Of the 732 participants at the second inter-Of the 732 participants at the second inter-

view, a previous history of depression priorview, a previous history of depression prior

to age 60 years was reported by 16 (16%)to age 60 years was reported by 16 (16%)

of the 101 with current depression and byof the 101 with current depression and by

17 (3%) of the 631 without current depres-17 (3%) of the 631 without current depres-

sion. No marked or consistent differencession. No marked or consistent differences

were found in the results when the abovewere found in the results when the above

analyses were repeated in those without aanalyses were repeated in those without a

past history of depression (data not shown).past history of depression (data not shown).

DISCUSSIONDISCUSSION

In a community sample of older KoreansIn a community sample of older Koreans

we found that depression was associatedwe found that depression was associated

with reported previous stroke and with awith reported previous stroke and with a

reduced level of HDL cholesterol. For otherreduced level of HDL cholesterol. For other

vascular risk factors, such as hypertensionvascular risk factors, such as hypertension

and diabetes, associations with depressionand diabetes, associations with depression

bordered on significance after adjustmentbordered on significance after adjustment

for age, gender and education but werefor age, gender and education but were

reduced substantially in strength afterreduced substantially in strength after

adjustment for general disability. Associa-adjustment for general disability. Associa-

tions were not explained substantially ortions were not explained substantially or

modified significantly by APOE genotypemodified significantly by APOE genotype

or cognitive function.or cognitive function.

Methodological issuesMethodological issues

Previous community studies investigatingPrevious community studies investigating

these research questions have been limitedthese research questions have been limited

by the use of brief screening instrumentsby the use of brief screening instruments

to define depression (Stewartto define depression (Stewart et alet al, 2001), 2001)

or have focused on specific sub-populationsor have focused on specific sub-populations

(Kim(Kim et alet al, 2002). A strength of this study, 2002). A strength of this study

was that depression was ascertained usingwas that depression was ascertained using

a diagnostic instrument that has been vali-a diagnostic instrument that has been vali-

dated widely in a variety of internationaldated widely in a variety of international

settings. In terms of sample representative-settings. In terms of sample representative-

ness, government registration lists representness, government registration lists represent

a highly inclusive sampling frame for epide-a highly inclusive sampling frame for epide-

miological research in South Korea becausemiological research in South Korea because

an accurate entry is required for many dailyan accurate entry is required for many daily

needs, including pension provision. Theneeds, including pension provision. The

two-phase recruitment procedure poten-two-phase recruitment procedure poten-

tially reduced the representativeness of thetially reduced the representativeness of the

participants compared with the sourceparticipants compared with the source

population because of attrition between in-population because of attrition between in-

terviews, giving an overall response rate ofterviews, giving an overall response rate of

5550%. In retrospect, a single-stage pro-50%. In retrospect, a single-stage pro-

cedure would have been preferable. How-cedure would have been preferable. How-

ever, we feel that it is unlikely that theever, we feel that it is unlikely that the
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Table 1Table 1 Unadjusted associations between depression and vascular risk/diseaseUnadjusted associations between depression and vascular risk/disease

No depression (No depression (nn¼631)631) Depression (Depression (nn¼101)101) Odds ratio ormean difference (95%CI)Odds ratio ormean difference (95%CI) PP11

Information on vascular risk/disease (Information on vascular risk/disease (nn, %), %)

Previous strokePrevious stroke 34 (5)34 (5) 18 (17)18 (17) 3.68 (1.99 to 6.79)3.68 (1.99 to 6.79) 550.0010.001

Heart diseaseHeart disease 117 (18)117 (18) 36 (34)36 (34) 2.32 (1.48 to 3.64)2.32 (1.48 to 3.64) 550.0010.001

HypertensionHypertension 198 (31)198 (31) 42 (40)42 (40) 1.48 (0.97 to 2.27)1.48 (0.97 to 2.27) 0.0690.069

DiabetesDiabetes 66 (10)66 (10) 17 (16)17 (16) 1.67 (0.94 to 2.99)1.67 (0.94 to 2.99) 0.0780.078

Current smokerCurrent smoker 254 (41)254 (41) 48 (46)48 (46) 1.05 (0.60 to 1.45)1.05 (0.60 to 1.45) 0.290.29

Examination for vascular risk/disease (mean, s.d.)Examination for vascular risk/disease (mean, s.d.)

Systolic blood pressure (mmHg)Systolic blood pressure (mmHg) 146.8 (26.0)146.8 (26.0) 147.8 (30.1)147.8 (30.1) 1.0 (1.0 (774.5 to 6.5)4.5 to 6.5) 0.730.73

Diastolic blood pressure (mmHg)Diastolic blood pressure (mmHg) 87.7 (22.1)87.7 (22.1) 88.4 (22.7)88.4 (22.7) 0.7 (0.7 (773.9 to 5.3)3.9 to 5.3) 0.770.77

Blood glucose (mg/dl)Blood glucose (mg/dl) 104.5 (50.2)104.5 (50.2) 113.6 (66.3)113.6 (66.3) 9.1 (9.1 (774.5 to 22.6)4.5 to 22.6) 0.190.19

Total cholesterol (mg/dl)Total cholesterol (mg/dl) 175.1 (34.1)175.1 (34.1) 178.4 (39.7)178.4 (39.7) 3.3 (3.3 (774.3 to 10.8)4.3 to 10.8) 0.450.45

High-density lipoprotein cholesterol (mg/dl)High-density lipoprotein cholesterol (mg/dl) 48.7 (14.2)48.7 (14.2) 43.9 (11.1)43.9 (11.1) 774.8 (4.8 (777.8 to7.8 to771.8)1.8) 0.0020.002

Low-density lipoprotein cholesterol (mg/dl)Low-density lipoprotein cholesterol (mg/dl) 96.0 (31.1)96.0 (31.1) 105.0 (36.3)105.0 (36.3) 9.0 (2.2 to 15.9)9.0 (2.2 to 15.9) 0.0230.023

Triglyceride (mg/dl)Triglyceride (mg/dl) 153.0 (88.2)153.0 (88.2) 147.5 (64.0)147.5 (64.0) 775.5 (5.5 (7724.0 to 12.9)24.0 to 12.9) 0.560.56

Bodymass index (kg/mBodymass index (kg/m22)) 22.5 (3.5)22.5 (3.5) 22.8 (4.2)22.8 (4.2) 0.23 (0.23 (770.51 to 0.98)0.51 to 0.98) 0.590.59

Waist/hip ratioWaist/hip ratio 0.9 (0.1)0.9 (0.1) 0.9 (0.1)0.9 (0.1) 0.0 (0.0 (770.02 to 0.02)0.02 to 0.02) 0.240.24

1.1. ww22 oror tt-tests.-tests.
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observed associations are explained byobserved associations are explained by

selection bias because neither vascular riskselection bias because neither vascular risk

factor nor depression was associated withfactor nor depression was associated with

attrition. As well as this, the strength of as-attrition. As well as this, the strength of as-

sociation between the first-phase measuressociation between the first-phase measures

of vascular risk and depression were similarof vascular risk and depression were similar

between the total sample and the analysedbetween the total sample and the analysed

subgroup. It is therefore likely (althoughsubgroup. It is therefore likely (although

cannot be concluded definitely) that asso-cannot be concluded definitely) that asso-

ciations with factors measured at the sec-ciations with factors measured at the sec-

ond phase can be generalised to the sourceond phase can be generalised to the source

population.population.

The study was cross-sectional in design,The study was cross-sectional in design,

which limits the extent to which cause andwhich limits the extent to which cause and

effect relationships can be clarified. It alsoeffect relationships can be clarified. It also

raises the issue of information bias,raises the issue of information bias,

although we feel that this is unlikely be-although we feel that this is unlikely be-

cause the risk factors at the first phase werecause the risk factors at the first phase were

ascertained before the diagnostic interviewascertained before the diagnostic interview

for depression was administered and,for depression was administered and,

furthermore, the data at the second phasefurthermore, the data at the second phase

were collected by a professional who didwere collected by a professional who did

not have knowledge of the GMS findings.not have knowledge of the GMS findings.

Information on vascular risk factors suchInformation on vascular risk factors such

as hypertension and diabetes relied onas hypertension and diabetes relied on

self-reported diagnoses and so corrobora-self-reported diagnoses and so corrobora-

tion by medical records was not feasible.tion by medical records was not feasible.

There are certain other limitations in infer-There are certain other limitations in infer-

ence that should be considered: most ‘case’ence that should be considered: most ‘case’

participants will have had moderate levelsparticipants will have had moderate levels

of depression rather than the more severeof depression rather than the more severe

forms that have been the focus for researchforms that have been the focus for research

in clinical samples; previous episodes of de-in clinical samples; previous episodes of de-

pression were ascertained by self-report,pression were ascertained by self-report,

which is likely to have limited validitywhich is likely to have limited validity

and the final restricted sample may notand the final restricted sample may not

have had a truly ‘late-onset’ disorder; andhave had a truly ‘late-onset’ disorder; and

differential rates of institutionalisationdifferential rates of institutionalisation

and mortality might conceivably have ob-and mortality might conceivably have ob-

scured the association between vascularscured the association between vascular

risk and depression in this cross-sectionalrisk and depression in this cross-sectional

community study. Institutions were notcommunity study. Institutions were not

sampled in this survey because there weresampled in this survey because there were

none within the sampling areas. However,none within the sampling areas. However,

in Korea, provision of institutional care isin Korea, provision of institutional care is

limited and care at home is preferred bylimited and care at home is preferred by

residents and their families, even in severeresidents and their families, even in severe

dementia. Mortality is therefore more likelydementia. Mortality is therefore more likely

to be a source of prevalence bias thanto be a source of prevalence bias than

institutionalisation.institutionalisation.

Stroke and depressionStroke and depression

Depression occurs frequently followingDepression occurs frequently following

stroke, and the association between pre-stroke, and the association between pre-

vious stroke and depression observed in thisvious stroke and depression observed in this

sample has been reported in a similar Kor-sample has been reported in a similar Kor-

ean sample with cognitive impairmentean sample with cognitive impairment

(Kim(Kim et alet al, 2002) and in other community, 2002) and in other community

studies (Fuhstudies (Fuh et alet al, 1997; Stewart, 1997; Stewart et alet al,,

2001). The association was reduced follow-2001). The association was reduced follow-

ing adjustment for level of disability, buting adjustment for level of disability, but

only partially so. This is consistent withonly partially so. This is consistent with

findings in other populations (Stewartfindings in other populations (Stewart etet

alal, 2001) and suggests that other mediating, 2001) and suggests that other mediating

pathways may be present, which may in-pathways may be present, which may in-

clude the direct effect of an infarct on brainclude the direct effect of an infarct on brain

structure or chemistry but might also in-structure or chemistry but might also in-

clude functional impairment specific toclude functional impairment specific to

stroke, or its psychological impact, whichstroke, or its psychological impact, which

did not contribute to the disability scale.did not contribute to the disability scale.

Cholesterol subfractionsCholesterol subfractions
and depressionand depression

We found no association between total cho-We found no association between total cho-

lesterol levels and depression, which waslesterol levels and depression, which was
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Table 3Table 3 Associations between depression and vascular risk/disease stratified by cognitive function (Korean version of the Mini-Mental State Examination,MMSE^K)Associations between depression and vascular risk/disease stratified by cognitive function (Korean version of the Mini-Mental State Examination,MMSE^K)

FactorFactor11 Total sample (Total sample (nn¼732)732) MMSE^K scoreMMSE^K score

25^30 (25^30 (nn¼333)333) 21^24 (21^24 (nn¼222)222) 0^20 (0^20 (nn¼177)177)

StrokeStroke 4.38*** (2.30 to 8.34)4.38*** (2.30 to 8.34) 3.55* (1.23 to 10.2)3.55* (1.23 to 10.2) 6.07** (1.67 to 22.0)6.07** (1.67 to 22.0) 3.93* (1.30 to 11.9)3.93* (1.30 to 11.9)

Heart diseaseHeart disease 2.22** (1.40 to 3.52)2.22** (1.40 to 3.52) 2.29* (1.10 to 4.78)2.29* (1.10 to 4.78) 3.14** (1.38 to 7.17)3.14** (1.38 to 7.17) 1.59 (0.66 to 3.86)1.59 (0.66 to 3.86)

HypertensionHypertension 1.45 (0.94 to 2.24)1.45 (0.94 to 2.24) 1.11 (0.55 to 2.25)1.11 (0.55 to 2.25) 1.32 (0.59 to 2.99)1.32 (0.59 to 2.99) 2.20* (1.01 to 4.76)2.20* (1.01 to 4.76)

DiabetesDiabetes 1.72 (0.95 to 3.09)1.72 (0.95 to 3.09) 1.12 (0.40 to 3.12)1.12 (0.40 to 3.12) 2.27 (0.79 to 6.50)2.27 (0.79 to 6.50) 1.85 (0.64 to 5.34)1.85 (0.64 to 5.34)

High-density lipoprotein cholesterolHigh-density lipoprotein cholesterol 774.82** (4.82** (777.85 to7.85 to771.78)1.78) 775.07* (5.07* (779.76 to9.76 to770.37)0.37) 777.07* (7.07* (7712.85 to12.85 to771.28)1.28) 772.02 (2.02 (777.69 to 3.66)7.69 to 3.66)

Low-density lipoprotein cholesterolLow-density lipoprotein cholesterol 5.76 (5.76 (770.96 to 12.5)0.96 to 12.5) 1.36 (1.36 (779.04 to 11.8)9.04 to 11.8) 5.06 (5.06 (777.85 to 18.0)7.85 to 18.0) 12.4 (12.4 (770.30 to 25.1)0.30 to 25.1)

1. Values are odds ratios (stroke, heart disease, hypertension, diabetes) or1. Values are odds ratios (stroke, heart disease, hypertension, diabetes) or BB values (high- and low-density lipoprotein cholesterol) with 95% confidence intervals. All values adjustedvalues (high- and low-density lipoprotein cholesterol) with 95% confidence intervals. All values adjusted
for age, gender, and education. *for age, gender, and education. *PP550.05, **0.05, **PP550.01, ***0.01, ***PP550.001.0.001.

Table 2Table 2 Multivariate associations between depression and vascular disease/risk factorsMultivariate associations between depression and vascular disease/risk factors

FactorFactor11 UnadjustedmodelUnadjustedmodel AdjustedAdjusted

Model 1Model 122 Model 2Model 233 Model 3Model 344

StrokeStroke 3.68*** (1.99 to 6.79)3.68*** (1.99 to 6.79) 4.38*** (2.30 to 8.34)4.38*** (2.30 to 8.34) 2.56* (1.26 to 5.22)2.56* (1.26 to 5.22) 2.59** (1.27 to 5.29)2.59** (1.27 to 5.29)

Heart diseaseHeart disease 2.32*** (1.48 to 3.64)2.32*** (1.48 to 3.64) 2.22** (1.40 to 3.52)2.22** (1.40 to 3.52) 1.43 (0.83 to 2.43)1.43 (0.83 to 2.43) 1.47 (0.86 to 2.52)1.47 (0.86 to 2.52)

HypertensionHypertension 1.48 (0.98 to 2.27)1.48 (0.98 to 2.27) 1.45 (0.94 to 2.24)1.45 (0.94 to 2.24) 1.25 (0.79 to 1.96)1.25 (0.79 to 1.96) 1.24 (0.79 to 1.95)1.24 (0.79 to 1.95)

DiabetesDiabetes 1.67 (0.94 to 2.99)1.67 (0.94 to 2.99) 1.72 (0.95 to 3.09)1.72 (0.95 to 3.09) 1.41 (0.75 to 2.64)1.41 (0.75 to 2.64) 1.41 (0.75 to 2.64)1.41 (0.75 to 2.64)

High-density lipoprotein cholesterolHigh-density lipoprotein cholesterol 774.83** (4.83** (777.82 to7.82 to771.84)1.84) 774.82** (4.82** (777.85 to7.85 to771.78)1.78) 774.30** (4.30** (777.45 to7.45 to771.14)1.14) 774.23** (4.23** (777.38 to7.38 to771.07)1.07)

Low-density lipoprotein cholesterolLow-density lipoprotein cholesterol 9.05* (2.1 to 15.9)9.05* (2.1 to 15.9) 5.76 (5.76 (770.96 to 12.5)0.96 to 12.5) 4.68 (4.68 (772.31 to 11.7)2.31 to 11.7) 4.58 (4.58 (772.42 to 11.6)2.42 to 11.6)

1. Each vascular disease/risk factor is entered into a regressionmodel separately.Values are odds ratios (for stroke, heart disease, hypertension, diabetes) or1. Each vascular disease/risk factor is entered into a regressionmodel separately.Values are odds ratios (for stroke, heart disease, hypertension, diabetes) or BB values (high- and low-values (high- and low-
density lipoprotein cholesterol) with 95% confidence intervals.density lipoprotein cholesterol) with 95% confidence intervals.
2. Adjusted for age, gender and education.2. Adjusted for age, gender and education.
3. Adjusted as for Model1plus disability (measured using the Korean version of theWorld Health Organization Disability Assessment Schedule,WHODAS II).3. Adjusted as for Model1plus disability (measured using the Korean version of theWorld Health Organization Disability Assessment Schedule,WHODAS II).
4. Adjusted as for Model 2 plus cognitive function (measured using the Korean version of the Mini-Mental State Examination,MMSE^K).4. Adjusted as for Model 2 plus cognitive function (measured using the Korean version of the Mini-Mental State Examination,MMSE^K).
**PP550.05, **0.05, **PP550.01, ***0.01, ***PP550.001.0.001.
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consistent with findings from some studiesconsistent with findings from some studies

(Brown(Brown et alet al, 1994; McCallum, 1994; McCallum et alet al,,

1994; Blazer1994; Blazer et alet al, 2002), although depres-, 2002), although depres-

sion has been found to be associated withsion has been found to be associated with

lower cholesterol levels in others (Morganlower cholesterol levels in others (Morgan

et alet al, 1993; Partonen, 1993; Partonen et alet al, 1999), including, 1999), including

a prospective study (Cervillaa prospective study (Cervilla et alet al, 2000)., 2000).

One study of an elderly sample foundOne study of an elderly sample found

depression to be associated with lowerdepression to be associated with lower

levels of LDL cholesterol (Aijanseppalevels of LDL cholesterol (Äijänseppä etet

alal, 2002). Another study of a younger, 2002). Another study of a younger

sample (aged 31–65 years) found an asso-sample (aged 31–65 years) found an asso-

ciation with higher levels of HDL cholester-ciation with higher levels of HDL cholester-

ol (Horstenol (Horsten et alet al, 1997). Our finding in the, 1997). Our finding in the

opposite direction might reflect racial oropposite direction might reflect racial or

age-related differences in the aetiologyage-related differences in the aetiology

and/or salience of vascular risk factors,and/or salience of vascular risk factors,

but further research is required to clarifybut further research is required to clarify

inconsistencies.inconsistencies.

Vascular risk factorsVascular risk factors
and depressionand depression

Depression in later life has been found to beDepression in later life has been found to be

associated with changes suggestive of cere-associated with changes suggestive of cere-

brovascular disease, such as white matterbrovascular disease, such as white matter

hyperintensities on neuroimaging (Steffenshyperintensities on neuroimaging (Steffens

et alet al, 1999; de Groot, 1999; de Groot et alet al, 2000). The vas-, 2000). The vas-

cular depression hypothesis also proposes acular depression hypothesis also proposes a

syndrome where severe depression and vas-syndrome where severe depression and vas-

cular disease co-exist. In this analysis, wecular disease co-exist. In this analysis, we

did not set out to test the existence of suchdid not set out to test the existence of such

a syndrome, but to investigate well-a syndrome, but to investigate well-

recognised risk factors for cerebrovascularrecognised risk factors for cerebrovascular

disease as potential risk factors fordisease as potential risk factors for

depression. If there is a vascular aetiologydepression. If there is a vascular aetiology

for depression in late life, risk factors forfor depression in late life, risk factors for

cerebrovascular disease such as hyperten-cerebrovascular disease such as hyperten-

sion and diabetes also may be importantsion and diabetes also may be important

population-level risk factors for depressionpopulation-level risk factors for depression

because of high prevalence rates in manybecause of high prevalence rates in many

populations. However, there is currentlypopulations. However, there is currently

little evidence from community samples tolittle evidence from community samples to

suggest strong causal relationships (Jones-suggest strong causal relationships (Jones-

WebbWebb et alet al, 1996; Rajala, 1996; Rajala et alet al, 1997; Stew-, 1997; Stew-

artart et alet al, 2001) and, where associations, 2001) and, where associations

have been found, it is unclear whether thesehave been found, it is unclear whether these

are specific to disorders affecting the vascu-are specific to disorders affecting the vascu-

lature or whether they are accounted for bylature or whether they are accounted for by

well-recognised associations between de-well-recognised associations between de-

pression and general poor health andpression and general poor health and

disability (Princedisability (Prince et alet al, 1998). Hypertension, 1998). Hypertension

and diabetes were associated with increasedand diabetes were associated with increased

likelihood of depression in our study atlikelihood of depression in our study at

borderline levels of statistical significance.borderline levels of statistical significance.

However, these associations were substan-However, these associations were substan-

tially reduced in strength after adjustmenttially reduced in strength after adjustment

for the WHODAS II score. This suggestsfor the WHODAS II score. This suggests

that the impact of these disorders onthat the impact of these disorders on

depression may be mediated throughdepression may be mediated through

associated general disability rather thanassociated general disability rather than

specific vascular effects. However, it shouldspecific vascular effects. However, it should

be borne in mind that ‘adjustment’ by dis-be borne in mind that ‘adjustment’ by dis-

ability in a cross-sectional study such as thisability in a cross-sectional study such as this

one may obscure associations with any po-one may obscure associations with any po-

tential risk factor for depression becausetential risk factor for depression because

depression and reported disability aredepression and reported disability are

strongly interrelated.strongly interrelated.

The association with decreased HDLThe association with decreased HDL

cholesterol therefore does suggest a morecholesterol therefore does suggest a more

atherogenic lipid profile in people withatherogenic lipid profile in people with

late-life depression, but other conventionallate-life depression, but other conventional

risk factors for stroke were not associatedrisk factors for stroke were not associated

with depression. Interestingly, a pathologi-with depression. Interestingly, a pathologi-

cal study found late-life depression to becal study found late-life depression to be

associatedassociated with arterial atheroma ratherwith arterial atheroma rather

than microvascular disease (Thomasthan microvascular disease (Thomas et alet al,,

2001). It is therefore possible that specific2001). It is therefore possible that specific

vascular pathways may underlie the disor-vascular pathways may underlie the disor-

der and there may be other vascular riskder and there may be other vascular risk

factors for depression (such as cerebralfactors for depression (such as cerebral

haemodynamics, blood pressure regulationhaemodynamics, blood pressure regulation

and inflammatory processes) that were notand inflammatory processes) that were not

investigated in this study. However, theinvestigated in this study. However, the

direction of causality underlying cross-direction of causality underlying cross-

sectional associations is unclear becausesectional associations is unclear because

there is strong evidence from prospectivethere is strong evidence from prospective

research that depressive symptoms earlierresearch that depressive symptoms earlier

in life are associated with increased riskin life are associated with increased risk

of stroke (Jonas & Mussolino, 2000).of stroke (Jonas & Mussolino, 2000).

Associations in later life may be the conse-Associations in later life may be the conse-

quence of complex interrelationships be-quence of complex interrelationships be-

tween vascular risk and affective statetween vascular risk and affective state

over a long period (Stewart, 2002).over a long period (Stewart, 2002).

Interactions with cognitiveInteractions with cognitive
impairment and APOE genotypeimpairment and APOE genotype

The association between vascular risk fac-The association between vascular risk fac-

tors and depression might conceivably betors and depression might conceivably be

explained by well-recognised associationsexplained by well-recognised associations

between vascular risk factors and dementia,between vascular risk factors and dementia,

and between depression and later dementiaand between depression and later dementia

(Stewart, 2002). This would predict stron-(Stewart, 2002). This would predict stron-

ger associations between depression andger associations between depression and

vascular risk factors in people at risk ofvascular risk factors in people at risk of

cognitive decline (e.g. those with the APOEcognitive decline (e.g. those with the APOE

e4 allele or those with cognitive functione4 allele or those with cognitive function

that is already impaired). Recently, a studythat is already impaired). Recently, a study

found no interactions between APOE e4found no interactions between APOE e4

allele and cholesterol level in associationsallele and cholesterol level in associations

with depression in cross-sectional andwith depression in cross-sectional and

longitudinal analyses in a biracial elderlylongitudinal analyses in a biracial elderly

communitycommunity sample (Blazersample (Blazer et alet al, 2002)., 2002).

To our knowledge, there has been no studyTo our knowledge, there has been no study

to investigate effect modification by APOEto investigate effect modification by APOE

genotype for other vascular risk factors andgenotype for other vascular risk factors and

late-life depression. However, we found nolate-life depression. However, we found no

evidence of substantial confounding orevidence of substantial confounding or

effect modification by APOE e4 allele foreffect modification by APOE e4 allele for

the association of interest. All vascular riskthe association of interest. All vascular risk

factors were associated more strongly withfactors were associated more strongly with

depression in the presence of borderlinedepression in the presence of borderline

(compared with normal) cognitive function(compared with normal) cognitive function

(MMSE–K, 21–24). These findings provide(MMSE–K, 21–24). These findings provide

partial support for our hypothesis and sug-partial support for our hypothesis and sug-

gest that there might be an interface be-gest that there might be an interface be-

tween vascular disease, depression andtween vascular disease, depression and

early dementia. However, individual inter-early dementia. However, individual inter-

actions were not demonstrable at conven-actions were not demonstrable at conven-

tional levels of statistical significance andtional levels of statistical significance and

further research is required to address thisfurther research is required to address this

question.question.

Public health implicationsPublic health implications

Our findings support others in showingOur findings support others in showing

associations between late-life depressionassociations between late-life depression

and clinical stroke, that were only partiallyand clinical stroke, that were only partially

explained by level of disablement. How-explained by level of disablement. How-

ever, we found little evidence for associa-ever, we found little evidence for associa-

tions with other vascular risk factors suchtions with other vascular risk factors such

as hypertension or diabetes. From a publicas hypertension or diabetes. From a public

health perspective regarding the preventionhealth perspective regarding the prevention

of depression, these support a focus onof depression, these support a focus on

post-stroke populations and on reducingpost-stroke populations and on reducing

levels of general disability rather than onlevels of general disability rather than on

specifically targeting groups with vascularspecifically targeting groups with vascular

risk factors. The direction of causation forrisk factors. The direction of causation for

the association between depression and anthe association between depression and an

atherogenic lipid profile cannot be con-atherogenic lipid profile cannot be con-

cluded. However, at the very least it sug-cluded. However, at the very least it sug-

gests that attention should be paid togests that attention should be paid to

cardiovascular risk profiles and the preven-cardiovascular risk profiles and the preven-

tion of adverse vascular outcomes in oldertion of adverse vascular outcomes in older

adults with depression.adults with depression.

ACKNOWLEDGEMENTSACKNOWLEDGEMENTS

The authors are grateful to participants for theirThe authors are grateful to participants for their
cooperation with this study. The study was con-cooperation with this study. The study was con-
ducted under a grant from the Ministry of Healthducted under a grant from the Ministry of Health
and Welfare of Korea and from Janssen Koreaand Welfare of Korea and from Janssen Korea
Limited.Limited.

REFERENCESREFERENCES

10/66 Dementia Research Group (2000)10/66 Dementia Research Group (2000) Dementia inDementia in
developing countries. A consensus statement from thedeveloping countries. A consensus statement from the
10/66 Dementia Research Group.10/66 Dementia Research Group. International Journal ofInternational Journal of
Geriatric PsychiatryGeriatric Psychiatry,, 1515, 14^20., 14^20.

Aijanseppa, S., Kivinen, P.,Helkala, E. L.,A« ija« nseppa« , S., Kivinen, P.,Helkala, E. L., et alet al
(2002)(2002) Serum cholesterol and depressive symptoms inSerum cholesterol and depressive symptoms in
elderly Finnish men.elderly Finnish men. International Journal of GeriatricInternational Journal of Geriatric
PsychiatryPsychiatry,, 1717, 629^634., 629^634.

Alexopoulos, G. S., Meyers, B. S.,Young, R. C.,Alexopoulos, G. S., Meyers, B. S.,Young, R. C., et alet al
(1997)(1997) ‘Vascular depression’ hypothesis.‘Vascular depression’ hypothesis. Archives ofArchives of
General PsychiatryGeneral Psychiatry,, 5454, 915^922., 915^922.

Blazer, D. G., Burchett, B. B. & Fillenbaum,G. G.Blazer, D. G., Burchett, B. B. & Fillenbaum,G. G.
(2002)(2002) APOE e4 and low cholesterol as risks forAPOE e4 and low cholesterol as risks for
depression in a biracial elderly community sample.depression in a biracial elderly community sample.
American Journal of Geriatric PsychiatryAmerican Journal of Geriatric Psychiatry,, 1010, 515^520., 515^520.

10 610 6

https://doi.org/10.1192/bjp.185.2.102 Published online by Cambridge University Press

https://doi.org/10.1192/bjp.185.2.102


VASCULAR RISK AND LATE - LIFE DEPRES S IONVASCULAR RISK AND LATE - L IF E DEPRES S ION

Brown, S. L., Salive, M. E.,Harris,T. B.,Brown, S. L., Salive, M. E.,Harris,T. B., et alet al (1994)(1994)
Low cholesterol concentrations and severe depressiveLow cholesterol concentrations and severe depressive
symptoms in elderly people.symptoms in elderly people. BMJBMJ,, 308308, 1328^1332., 1328^1332.

Cervilla, J. A., Prince,M., Joels, S.,Cervilla, J. A., Prince, M., Joels, S., et alet al (2000)(2000) DoesDoes
depression predict cognitive outcome 9 to 12 yearsdepression predict cognitive outcome 9 to 12 years
later? Evidence from a prospective study of elderlylater? Evidence from a prospective study of elderly
hypertensives.hypertensives. Psychological MedicinePsychological Medicine,, 3030, 1017^1023.,1017^1023.

Copeland, J. R. M., Dewey, M. E. & Griffiths-Jones,Copeland, J. R. M., Dewey, M. E. & Griffiths-Jones,
H. M. (1986)H. M. (1986) A computerized psychiatric diagnosticA computerized psychiatric diagnostic
system and case nomenclature for elderly subjects: GMSsystem and case nomenclature for elderly subjects: GMS
and AGECAT.and AGECAT. Psychological MedicinePsychological Medicine,, 1616, 89^99., 89^99.

Copeland, J. R. M., Dewey, M. E. & Saunders, P.Copeland, J. R. M., Dewey, M. E. & Saunders, P.
(1991)(1991) The epidemiology of dementia: GMS^AGECATThe epidemiology of dementia: GMS^AGECAT
studies of prevalence and incidence, including studies instudies of prevalence and incidence, including studies in
progress.progress. European Archives of Psychiatry and ClinicalEuropean Archives of Psychiatry and Clinical
NeuroscienceNeuroscience,, 240240, 212^217., 212^217.

de Groot, J. C., de Leeuw, F. E.,Oudkerk, M.,de Groot, J. C., de Leeuw, F. E.,Oudkerk, M., et alet al
(2000)(2000) Cerebral white matter lesions and depressiveCerebral white matter lesions and depressive
symptoms in elderly adults.symptoms in elderly adults. Archives of General PsychiatryArchives of General Psychiatry,,
5757, 1071^1076., 1071^1076.

Epping-Jordan, J.,Ustun,T. B. & Assessment,Epping-Jordan, J.,U« stu« n,T. B. & Assessment,
Classification and Epidemiology Group (2002)Classification and Epidemiology Group (2002) TheThe
WHODAS II: levelling the playing field for all disorders.WHODAS II: levelling the playing field for all disorders.
World Health Organization Mental Health BulletinWorld Health Organization Mental Health Bulletin,, 66, 5^6., 5^6.

Fuh, J. L., Liu,H. C.,Wang, S. J.,Fuh, J. L., Liu,H. C.,Wang, S. J., et alet al (1997)(1997)
Poststroke depression among the Chinese elderly in aPoststroke depression among the Chinese elderly in a
rural community.rural community. StrokeStroke,, 2828, 1126^1129., 1126^1129.

Horsten, M.,Wamala, S. P.,Vingerhoets, A.,Horsten, M.,Wamala, S. P.,Vingerhoets, A., et alet al
(1997)(1997) Depressive symptoms, social support, and lipidDepressive symptoms, social support, and lipid
profile in healthy middle-aged women.profile in healthy middle-aged women. PsychosomaticPsychosomatic
MedicineMedicine,, 5959, 521^528., 521^528.

Jonas, B. S. & Mussolino, M. E. (2000)Jonas, B. S. & Mussolino, M. E. (2000) Symptoms ofSymptoms of
depression as a prospective risk factor for stroke.depression as a prospective risk factor for stroke.
Psychological MedicinePsychological Medicine,, 6262, 472^473., 472^473.

Jones-Webb, R., Jacobs, D. R., Jr, Flack, J. M.,Jones-Webb, R., Jacobs, D. R., Jr, Flack, J. M., et alet al
(1996)(1996) Relationships between depressive symptoms,Relationships between depressive symptoms,
anxiety, alcohol consumption and blood pressure:anxiety, alcohol consumption and blood pressure:
results from the CARDIA Study.results from the CARDIA Study. Alcoholism, Clinical andAlcoholism, Clinical and
Experimental ResearchExperimental Research,, 2020, 420^427., 420^427.

Kim, J.-M., Stewart, R., Shin, I.-S.,Kim, J.-M., Stewart, R., Shin, I.-S., et alet al (2002)(2002)
Previous stroke but not vascular risk factors arePrevious stroke but not vascular risk factors are
associated with depression in a cognitively impairedassociated with depression in a cognitively impaired
older Korean population.older Korean population. International Journal of GeriatricInternational Journal of Geriatric
PsychiatryPsychiatry,, 1717, 453^458., 453^458.

Kim, J.-M., Stewart, R., Shin, I.-S.,Kim, J.-M., Stewart, R., Shin, I.-S., et alet al (2003(2003aa)) LimbLimb
length and dementia in an older Korean population.length and dementia in an older Korean population.
Journal of Neurology, Neurosurgery and PsychiatryJournal of Neurology, Neurosurgery and Psychiatry,, 7474,,
427^432.427^432.

Kim, J.-M., Stewart, R., Prince, M.,Kim, J.-M., Stewart, R., Prince, M., et alet al (2003(2003bb))
Diagnosing dementia in a developing country: anDiagnosing dementia in a developing country: an
evaluation of the GMS^AGECATalgorithm in an olderevaluation of the GMS^AGECATalgorithm in an older
Korean population.Korean population. International Journal of GeriatricInternational Journal of Geriatric
PsychiatryPsychiatry,, 1818, 331^336., 331^336.

McCallum, J., Simons, L., Simons, J.,McCallum, J., Simons, L., Simons, J., et alet al (1994)(1994)
Low serum cholesterol is not associated with depressionLow serum cholesterol is not associated with depression
in the elderly: data from an Australian community study.in the elderly: data from an Australian community study.
Australian and New Zealand Journal of MedicineAustralian and New Zealand Journal of Medicine,, 2424,,
561^564.561^564.

Morgan, R. E., Palinkas, L. A., Barrett-Connor, E. L.,Morgan, R. E., Palinkas, L. A., Barrett-Connor, E. L.,
et alet al (1993)(1993) Plasma cholesterol and depressivePlasma cholesterol and depressive
symptoms in older men.symptoms in older men. LancetLancet,, 341341, 75^79., 75^79.

Park, J.H. & Kwon,Y. C. (1990)Park, J.H. & Kwon,Y. C. (1990) Modification of theModification of the
Mini-Mental State Examination for use in the elderly in aMini-Mental State Examination for use in the elderly in a
non-Western society: Part I. Development of Koreannon-Western society: Part I.Development of Korean
version of Mini-Mental State Examination.version of Mini-Mental State Examination. InternationalInternational
Journal of Geriatric PsychiatryJournal of Geriatric Psychiatry,, 55, 381^387., 381^387.

Park, J.H., Park,Y.N. & Ko,H. J. (1991)Park, J.H., Park,Y.N. & Ko,H. J. (1991) ModificationModification
of the Mini-Mental State Examination for use in theof the Mini-Mental State Examination for use in the
elderly in a non-Western society: Part II.Cutoff pointselderly in a non-Western society: Part II.Cutoff points
and their diagnostic validities.and their diagnostic validities. International Journal ofInternational Journal of
Geriatric PsychiatryGeriatric Psychiatry,, 66, 875^882., 875^882.

Partonen,T., Haukka, J.,Virtamo, J.,Partonen,T.,Haukka, J.,Virtamo, J., et alet al (1999)(1999)
Association of low serum total cholesterol with majorAssociation of low serum total cholesterol with major
depression and suicide.depression and suicide. British Journal of PsychiatryBritish Journal of Psychiatry,, 175175,,
259^262.259^262.

Prince, M. J., Harwood, R.H.,Thomas, A.,Prince, M. J., Harwood, R.H.,Thomas, A., et alet al
(1998)(1998) A prospective population-based cohort study ofA prospective population-based cohort study of
the effects of disablement and social milieu on the onsetthe effects of disablement and social milieu on the onset
andmaintenance of late-life depression.The Gospel Oakandmaintenance of late-life depression.The Gospel Oak
Project.Project. Psychological MedicinePsychological Medicine,, 2828, 337^350., 337^350.

Rajala,U., Keinanen-Kiukaanniemi, S. & Kevela,Rajala,U., Keinanen-Kiukaanniemi, S. & Kevela,
S. L. (1997)S. L. (1997) Non-insulin-dependent diabetes mellitusNon-insulin-dependent diabetes mellitus

and depression in a middle-aged Finnish population.and depression in a middle-aged Finnish population.
Social Psychiatry and Psychiatric EpidemiologySocial Psychiatry and Psychiatric Epidemiology,, 3232, 363^, 363^
367.367.

Steffens, D. C.,Helms, M. J., Krishnan, K. R.,Steffens, D. C., Helms, M. J., Krishnan, K. R., et alet al
(1999)(1999) Cerebrovascular disease and depressionCerebrovascular disease and depression
symptoms in the cardiovascular health study.symptoms in the cardiovascular health study. StrokeStroke,, 3030,,
2159^2166.2159^2166.

Stewart, R. (2002)Stewart, R. (2002) The interface betweenThe interface between
cerebrovascular disease, dementia and depression. Incerebrovascular disease, dementia and depression. In
Vascular Disease and Affective DisordersVascular Disease and Affective Disorders (eds E.Chiu,D.(eds E.Chiu,D.
Ames & C.Katona), pp.189^202. London:MartinAmes & C.Katona), pp.189^202. London: Martin
Dunitz.Dunitz.

Stewart, R., Prince, M., Richards, M.,Stewart, R., Prince, M., Richards, M., et alet al (2001)(2001)
Stroke, vascular risk factors and depression.Cross-Stroke, vascular risk factors and depression.Cross-
sectional study in a UKCaribbean-born population.sectional study in a UKCaribbean-born population.
British Journal of PsychiatryBritish Journal of Psychiatry,, 178178, 23^28., 23^28.

Thomas, A. J., Ferrier, I. N., Kalaria, R. N.,Thomas, A. J., Ferrier, I. N., Kalaria, R.N., et alet al
(2001)(2001) A neuropathological study of vascular factors inA neuropathological study of vascular factors in
late-life depression.late-life depression. Journal of Neurology, NeurosurgeryJournal of Neurology, Neurosurgery
and Psychiatryand Psychiatry,, 7070, 83^87., 83^87.

10 710 7

CLINICAL IMPLICATIONSCLINICAL IMPLICATIONS

&& Previous stroke and lower levels of high-density lipoprotein cholesterolwerePrevious stroke and lower levels of high-density lipoprotein cholesterolwere
associated significantly with late-life depression.associated significantly with late-life depression.

&& Associations between other established risk factors for cerebrovascular disease,Associations between other established risk factors for cerebrovascular disease,
such as hypertension or diabetes, and late-life depressionwere not evident.such as hypertension or diabetes, and late-life depressionwere not evident.

&& Associations, where present, were stronger in the presence of borderlineAssociations, where present, were stronger in the presence of borderline
cognitive impairment, although not to a statistically significant extent.cognitive impairment, although not to a statistically significant extent.

LIMITATIONSLIMITATIONS

&& The focuswas onmoderate levels of depressionrather than themore severe formsThe focuswas onmoderate levels of depressionrather than themore severe forms
that have been the focus of research in clinical samples.that have been the focus of research in clinical samples.

&& Therewas an important level of attrition between interviews, although this wasTherewas an important level of attrition between interviews, although this was
not associatedwith exposure or outcomemeasures of interest.not associated with exposure or outcomemeasures of interest.

&& The study was cross-sectional in design, limiting inferences regarding the directionThe study was cross-sectional in design, limiting inferences regarding the direction
of causation.of causation.
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