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bjective：Associations of vascular risk/disease or apolipoprotein E ε4(APOE4) with geriatric depression has 

been unclear at a population level. This study aimed to evaluate whether there would be interactions of vas-
cular risk/disease and APOE4 on depression in a Korean elderly population. 

Methods：732 community residents aged 65 or over were assessed for depression(GMS), information on vascular 

risk/disease(reported stroke, transient ishemic attack, heart disease, hypertension, diabetes, smoking), examina-
tions for vascular risk/disease(blood pressure, blood tests for glucose and lipid profiles, body size), APOE ge-
notypes, demographic characteristics(age, gender, education), physical health, and cognitive function(MMSE). 

Results：Previous stroke and lower level of high density lipoprotein(HDL) cholesterol were significantly associated 

with geriatric depression independent of demographic characteristics, physical illnesses, and cognitive function. 

These associations were statistically significant only in those with APOE4, although the interaction terms didn’t 

reach to statistical significance. 

Conclusion：Associations between vascular risk/disease and geriatric depression might be more prominent in 

those with APOE4. However further research would be needed to clarify this issue. 
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Introduction 
 

Cerebrovascular disease and its common risk factors 
such as hypertension, diabetes and dyslipidemia are hypo-
thesized to associate with geriatric depression.1) Apolipo-
protein E ε4(APOE4) has been associated with ischemic 
cerebrovascular disease,2) deep white matter hyperinten-
sities,3) coronary heart disease,4) and increased levels of 
total and low density lipoprotein(LDL) cholesterol.5) 
APOE4 can be reasonably hypothesized to be a risk fac-
tor for geriatric depression, considering its associations 
with these vascular risk/disease. However, majority of stu-
dies failed to find the association between APOE4 and 
geriatric depression6-8) with some exceptions.9) It may also 
be postulated that there would be combined effects of 
vascular risk/disease and APOE4 on geriatric depression. 
Recently, a study found no associations between APOE4 
and cholesterol level or depression in cross-sectional and 
longitudinal analyses in a biracial elderly community 
sample.10) To our knowledge, there has been no study to 
investigate the combined effects of vascular risk/disease 
other than cholesterol level and APOE4 on geriatric de-
pression. 

This study aimed to evaluate whether there would be 
interactions of vascular risk/disease and APOE4 on de-
pression in a Korean elderly population. It was hypothe-
sized that any of various vascular risks/diseases might 
have combined effects with APOE4 on depression inde-
pendent of other potential confounding factors such as 
demographic characteristics, physical illnesses, and cog-
nitive function. 
 

Methods 
 

The present study was part of a community survey of 
late-life psychiatric morbidity carried out in Kwangju, 
South Korea in 2001, in collaboration with the 10/66 
Dementia in Developing Countries Research Program.11) 
Data were gathered using a structured questionnaire de-
veloped by the 10/66 Dementia in Developing Countries 
Research Group11) unless specified. Details of this project 
have been reported elsewhere.12) 
 

1. Study population 

Potential participants for this study were recruited from 
all inhabitants aged 65 or over recorded in national resi-
dents registration lists within two areas(one urban, one 
rural) of Kwangju, South Korea in 2001. The study was 
approved by Chonnam National University Hospital Re-
view Board. After sending a letter explaining the purpose 
of study to all eligible older people, written informed 
consent was obtained from all participants. 
 
2. Assessment procedures 

This study was conducted in two phases：1) Sixteen 
graduate-level research assistants, trained and supervised 
by the project psychiatrist, carried out home-based inter-
views with participants and their family members. This in-
cluded the Geriatric Mental State Schedule(GMS)；13) 
the Korean version of the Mini-Mental State Examination 
(MMSE-K)；14) and information on vascular risk/disease, 
physical illnesses, and demographic characteristics；2) At 
a second interview(attempted in all participants), exami-
nations for vascular risk/disease and blood tests for APOE 
genotypes were administered by two expert teams, consis-
ting of a psychiatrist, a senior nurse, and a psychologist. 
At both stages, home visits were repeated on at least two 
occasions if no contact was made. The mean(SD) inter-
val between the two interviews was 8.7(5.4) days. People 
who completed the two interviews and the blood tests 
formed the sample for the analysis presented here. 
 
3. Depression 

A community version of the GMS(GMS B3) was used. 
Procedures on its translation and validation into Korean 
(GMS B3-K) has been described elsewhere.15) By the 
Automated Geriatric Examination for Computer Assisted 
Taxonomy(AGECAT) algorithm, depression is rated as 
AGECAT 0 to 5. AGECAT 0 have no or negligible rele-
vant symptomatology, 1 and 2 are considered to be sub-
cases, and 3 to 5 are considered to be likely cases. In the 
analyses, a confidence level 3 or above was used to de-
fine case level depression. 
 
4. Information on vascular risk/disease 

Self-reported diagnoses of and treatment for stroke, 
transient ischemic attack(TIA), heart disease, hyperten-
sion and diabetes were recorded. For stroke, it was coded 
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only if clear history of sudden onset of unilateral paralysis, 
and/or loss of speech, and/or blindness lasting for at least 
2 days. For detection of TIA, a question “Have you ever 
developed sudden weakness of a limb, loss of speech, or 
partial blindness which got better quickly, in less than one 
day? Doctors sometimes call these attacks TIAs” was 
administered. Smoking history(pack-years) and current 
smoking were ascertained as well. 
 
5. Examinations for vascular risk/disease 

Resting blood pressure(BP) was taken with an auto-
matic sphygmomanometer on the left arm in the sitting 
position. The lower of two consecutive readings was used. 
Blood tests were conducted for glucose；total-, high den-
sity lipoprotein(HDL)-, low density lipoprotein(LDL)- 
cholesterol, and triglycerides；and APOE genotypes. Par-
ticipants were instructed to be fasting, and blood sampling 
was performed during the mornings when possible. Height, 
weight, waist, and hip were measured. 
 
6. Potential confounding variables for depression 

Demographic data on age, gender, and education was 
obtained. A structured questionnaire was administered 
enquiring about 11 common health problems. The items 
required simple yes(1) or no(0) response, and the indi-
vidual scores totalled to generate a summary scale. Cog-
nitive function was evaluated by the MMSE-K, which has 
been specifically developed for older Korean populations, 
with revised items taking into account low educational 
attainment and high rates of illiteracy.14) 
 
7. Statistical analysis 

Characteristics on vascular risk/disease were compared 
according to APOE genotype(no vs. have E4) using t-
tests or chi-square tests as appropriate. Characteristics on 
vascular risk/disease were compared again according to 
depression(no vs. have depression). The associations bet-
ween vascular risk/disease and depression(p values <0.1 
in the univariate analysis) were further analyzed using 
stepwise logistic or linear regression models to investigate 
confounding/mediation by the potential variables on de-
mographic characteristics, number of physical illnesses, 
and scores on MMSE-K. Effect modification by APOE 
genotypes was investigated through stratified analyses and 

through likelihood ratio tests for interaction terms within 
regression models. 
 

Results 
 
1. Recruitment 

Of 1566 inhabitants aged 65 or over identified from 
registration lists, 1204(77%) completed the first inter-
view with research assistants. Of the remainder, contact 
could not be established with 195(12%), 71(5%) refused 
to participate, 55(4%) had no fixed abode, 28(2%) had 
changed address, and 9(1%) had died before the visit. 
No significant differences were observed in age(mean 
ages, 72.2 and 72.4 respectively) and gender ratio(58% 
and 62% female, respectively) between participants and 
non-participants. Of the participants to the first interview, 
732(61%) participated in the second investigation with 
expert teams. Of non-participants at this stage, contact 
could not be established with 321(27%), 92 refused(8%), 
4 had died in the interval(<1%) and data was missing 
for 55(5%). These participants were less educated than 
non-participants(mean(SD) years of education 3.4(4.2) 
and 4.0(4.4), respectively；p=0.035), had more num-
ber of physical illnesses(mean(SD) numbers 2.3(1.8) 
and 2.0(1.7), respectively；p=0.007), and had lower 
cognitive function(mean(SD) scores on MMSE-K 23.3 
(5.0) and 24.3(5.1), respectively；p=0.002). Howe-
ver, no significant differences were observed between 
the participants and non-participants in terms of age 
(mean(SD) ages, 72.8(5.8) and 72.2(6.3), respectively), 
gender(59% and 57% female respectively), and GMS 
depression(14% and 13% respectively)(all p values, 
all>0.07). The principal apparent reason for attrition 
was that contact could not be established because the 
person was repeatedly away from home at the time of 
research visits. 
 
2. Characteristics of the sample 

Of the 732 participants, 101(14%) were diagnosed as 
having GMS depression, and 132(18%) had APOE4. 
Fifty one subjects(7%) had a history of previous stroke；
and 103(14%) of TIA. Self reported diagnoses of heart 
disease, hypertension, and diabetes were detected in 152 
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(21%), 235(32%), and 82(11%) participants, respecti-
vely. Mean(SD) level of systolic BP was 146.9(26.6) 
mmHg, diastolic BP 87.8(22.2) mmHg；blood glucose 
105.9(52.8) mg/dL；total cholesterol 175.6(34.9) mg/ 
dL, HDL cholesterol 48.0(13.9) mg/dL, LDL choleste-
rol 97.3(32.1) mg/dL, triglycerides 152.3(85.3) mg/dL. 
Mean(SD) body mass index(BMI；kg/m2) was 22.6 
(3.6). The mean(range) level of lifetime smoking was 

11.9(0-118) pack-years, and 295(40%) were current 
smokers. 
 

3. Comparison of characteristics according to 

APOE genotypes 

The results are displayed in Table 1. No differences 
were found in GMS depression and number of physical 
illnesses according to APOE4. In terms of vascular risk/ 
disease, TIA was significantly more frequently reported 

Table 1. Comparison according to apolipoprotein E (APOE) genotypes 

 No APOE4 (n=600) Have APOE4 (n=132) p* 

Information on vascular risk/disease, number (%) 
Stroke 037 (06) 14 (11) 0.067 
Transient ischemic attack 076 (13) 27 (21) 0.019 
Heart disease 119 (20) 33 (25) 0.177 
Hypertension 188 (31) 47 (36) 0.354 
Diabetes 069 (11) 13 (10) 0.438 
Current smoker 235 (40) 60 (47) 0.167 

Examinations for vascular risk/disease, mean (standard deviation) 
Systolic blood pressure (mmHg) 147.0 (26.2) 146.3 (028.8) 0.771 
Diastolic blood pressure (mmHg) 087.5 (22.0) 088.8 (023.3) 0.570 
Blood glucose (mg/dl) 107.0 (54.4) 103.4 (044.5) 0.304 
Total cholesterol (mg/dl) 174.7 (34.0) 179.9 (039.1) 0.143 
High density lipoprotein cholesterol (mg/dl) 048.2 (13.9) 047.2 (013.7) 0.523 
Low density lipoprotein cholesterol (mg/dl) 096.7 (31.8) 100.2 (033.5) 0.277 
Triglyceride (mg/dl) 150.2 (80.5) 162.1 (104.9) 0.250 
Body mass index (kg/m2) 022.8 (03.5) 022.1 (003.6) 0.041 
Waist-hip ratio 000.9 (00.1) 000.9 (000.1) 0.204 
*：χ2-or t-tests 
 

Table 2. Stratified analyses of the associations of depression with vascular risk/disease by apolipoprotein E (APOE) 
genotype. Data are odds ratiosa or Bsb (95% confidence intervals) 

 Total sample 
(n=732) 

No APOE4 
(n=600) 

Have APOE4 
(n=132) 

p 
(inter-action) 

Strokea -2.58† 

(1.26-5.30) 
-2.04 

(0.87-4.78) 
0-8.29*. 

(1.56-43.94) 
0.193 

Transient ischemic attacka -1.53† 
(0.88-2.66) 

-1.42 
(0.74-2.72) 

0-3.27† 
(0.90-11.91) 

0.597 

Heart diseasea -1.49† 
(0.88-2.54) 

-1.43 
(0.79-2.61) 

0-1.79† 
(0.46-06.91) 

0.581 

Hypertensiona -1.09† 
(0.69-1.74) 

-1.03 
(0.53-1.61) 

0-1.57† 
(0.57-02.82) 

0.227 

Diabetesa -1.68† 
(0.90-3.13) 

-1.60 
(0.73-2.50) 

0-1.74† 
(0.30-13.40) 

0.551 

High density lipoprotein cholesterolb -4.52† 

(-7.66, -1.36) 
-4.40 

(-9.30, 00.74) 
0-4.83† 

(-12.54, -1.36) 
0.486 

Low density lipoprotein cholesterolb -5.82† 
(-1.16, 12.79) 

-3.78 
(-3.76, 11.33) 

-18.18† 
(-0.49, 39.87) 

0.460 

All results are adjusted for age, gender, education, number of physical illnesses, and scores on Korean version 
of Mini-Mental State Examination. *：p<0.05, †：p<0.01 
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and BMI was significantly lower in those with APOE4. 
The association between reported stroke and APOE4 was 
bordered significance. However, there were no significant 
differences in all the other variables. 
 
4. Univariate and multivariate associations with 

depression 

Detailed results of these analyses have been published 
elsewhere.12) In the univariate analyses, depression was 
significantly associated with reported stroke, TIA, heart 
disease, lower level of HDL and higher level of LDL 
cholesterol. Associations with reported hypertension and 
diabetes were bordered significance. In terms of other fac-
tors than vascular risk/disease, depression was signifi-
cantly associated with female gender, higher number of 
physical illnesses, and lower scores on MMSE-K. Results 
of the multivariate regression analyses after adjustment 
for age, gender, education, number of physical illnesses 
and scores on MMSE-K revealed that the associations of 
depression with reported stroke and lower level of HDL 
cholesterol were remained significant, while those with 
TIA, heart disease, hypertension, diabetes, and higher le-
vel of LDL cholesterol lost significance. 
 
5. Stratified analyses according to APOE4 status 

(Table 2) 
Significant associations were observed between depre-

ssion and reported stroke or lower level of HDL choleste-
rol only in those with APOE4, while the interaction terms 
didn’t reach to statistical significance(p-values from like-
lihood ratio tests>0.1). Although the associations of 
depression with other vascular risk/disease were not sta-
tistically significant, they were consistently more promi-
nent in those with have APOE4. 
 

Discussion 
 

In the present study, APOE4 was associated with TIA 
and stroke, consistent with a previous report.16) In addi-
tion, APOE4 tended to associated with reported heart 
disease and hypertension, and higher levels of total and 
LDL cholesterol, also in keeping with previous reports.4)5) 
Given the significant or potential associations of APOE4 
with such vascular risk/disease, which have been known 

to associated with geriatric depression,1)17) while APOE4 
was not associated with depression in the present study, 
but which was consistent with the results that most stu-
dies have reported.6-8) 

The association between previous stroke and depres-
sion, observed in this population, has also been reported 
in other population-based studies.18)19) In terms of the 
associations between lipid profiles and depression, no 
association was found between total cholesterol and de-
pression, which was consistent with some reports,10)20)21) 
but not with others that reported the association between 
low level of total cholesterol and depression.22-24) Mea-
surement of total cholesterol seemed to be spurious consi-
dering its composite profiles. Indeed, there have been 
previous reports that depression was associated with 
lower LDL cholesterol,25) but was inversely associated 
with HDL cholesterol.26) Our finding on an association of 
lower level of HDL cholesterol with depression was con-
tradictory to some of previous reports. This might be due 
to racial difference, but cross-cultural studies would be 
needed to clarify it. The associations between other vas-
cular risk/disease than stroke and HDL cholesterol and 
depression was less clear, and largely be accounted for 
by worse physical health and cognitive function. This 
observation was in keeping with previous population-ba-
sed studies, which reported little evidence that vascular 
risk factors are an important cause of depression at a 
population level.19)27)28) 

To our knowledge, there has been no study to investi-
gate the combined effects of vascular risk/disease other 
than cholesterol level and APOE4 on geriatric depres-
sion.10) In this study, the associations of previous stroke 
and lower level of HDL cholesterol with depression were 
more prominent in those with APOE4. Although these 
interactions didn’t reach significance, it might be plau-
sible that there would be combined effects of vascular 
risk/disease and APOE4 on depression by the following 
reasons. i) Our finding showed that associations between 
vascular risk/disease and depression were more prominent 
in those with APOE4 in a consistent pattern.；ii) There 
have been reports that APOE4 was associated with mor-
tality.16)29)30) Also depression in geriatric is associated with 
increased rates of mortality and institutionalization31)32) 
as are vascular risk/disease. People with combinations of 
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these factors may therefore be under-represented in a 
cross-sectional community study. However these sugges-
tions would be tentative, and prospective studies are 
required to clarify this issue. 

One of the strengths of the study was that depression 
was ascertained using a widely validated diagnostic sche-
dule, most other data were gathered using a structured 
questionnaire developed by the 10/66 Dementia Research 
Group.11) In terms of sample representativeness, govern-
ment registration lists represent a highly inclusive samp-
ling frame for epidemiological research in South Korea 
since an accurate entry is required for many activities of 
daily living, including pension provision. However, the 
two stage selection processes reduced the representative-
ness of the participants compared to the source population. 
A large proportion of the identified population participa-
ted in the first phase interview, but an important degree 
of attrition occurred before the second phase interview 
due to limited resources for establishing contact within the 
time-frame of the survey. The participants were signifi-
cantly less educated, and more likely to have physical 
illnesses and cognitive impairment, which might exag-
gerated the prevalence of vascular risk/disease and APOE 
genotypes. However, we feel it is unlikely that the ob-
served associations are explained by recruitment bias. 

Limitations of the study should also be considered. 
i) Age of onset for depression was not ascertained.；
ii) Differential institutionalization and mortalities, which 
were not investigated, could contribute to the prevalence 
bias.；iii) Reporting bias is also possible although infor-
mant information was used where possible. 

In conclusion, we found that i) previous stroke and 
lower level of HDL cholesterol were significantly associa-
ted with geriatric depression independent of demographic 
characteristics, physical illnesses, and cognitive function；
and ii) these associations were statistically significant 
only in those with APOE4. Public health measures and 
strategies might be to focus on this high risk group to pre-
vent geriatric depression. 
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