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Prevalence of Alzheimer’s Dementia and Its Risk 
Factors in Community-Dwelling Elderly Koreans 

 

 

 
ObjectiveᄏWe estimated the prevalence of Alzheimer’s dementia (AD) and mild cognitive 
impairment (MCI) and their risk factors in an urban community setting, focusing especially 
on metabolic syndrome. 
MethodsᄏA two-phase investigation based on a door-to-door survey was performed. In 
Phase I, we administered the Korean version of the Mini-Mental State Examination (MMSE-
KC) of the Consortium to Establish a Registry for Alzheimer’s disease (CERAD-K). Assess-
ment Packet and the Korean version of the Geriatric Depression Scales (GDS-K) to all 706 
participants aged 65 years or older. In Phase II of the study, 175 persons underwent physical 
and neurological examinations according to the protocol of the CERAD-K clinical assess-
ment battery [CERAD-K (C)] and the neuropsychological assessment battery [CERAD-K 
(N)]. We also examined the association between cognitive decline and metabolic syn-
drome. AD and MCI were defined using the DSM-IV-TR criteria and the Clinical Dementia 
Rating (CDR) scales. 
ResultsᄏThe mean age (±SD) of the subjects was 74.3±16.7 years and the ratio of 
males to females was 53.2 to 46.8. The prevalence of Alzheimer’s dementia was 9.0%, while 
that of MCI was 32.9%. Old age and lower educational level had significant associations 
with cognitive decline in the elderly, but gender, years of alcohol intake or smoking, and 
metabolic syndrome were not associated with AD or MCI. 
ConclusionᄏIn this study, metabolic syndrome was not associated with Alzheimer’s AD 
or MCI. Information regarding an association between Alzheimer’s dementia and metabolic 
syndrome in this study will be helpful in formulating future public health policy and preven-
tion strategies in Korea. 
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Introduction 

 

Alzheimer’s dementia (AD) is a disease which is strongly associated with age, 
occurring in 1% of those aged 60-65, 6% of those aged 75-79, and 45% of those 
aged 95 or older.1  The prevalence of AD is rising along with the increase in global
life expectancy. In Korea, the proportion of people aged 65 years and over is expected 
to increase from 7.3% in 2000 to 15.1% in 2020. 2 Because the average age of society
is advancing and the number of patients with AD is increasing, it is important to main-
tain the quality of life in the elderly and to minimize the cost of medications and care 
by removing as many risk factors as possible for AD and cognitive impairment.3 AD is 
one of the most distressing and burdensome mental health problems in the elderly.4

Many studies have been conducted around the world on the prevalence of AD and its
risk factors. The prevalence of AD in persons aged 65 and older has been reported to be 
3.6-10.3% in Western countries,5,6 1.8-4.6% in China, 3.7-6.7% in Japan,7 and 9.5-
10.8% in Korea.8,9 The inci dence of AD in cognitively normal individuals over age 65
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has generally been reported to be 1-2% per year.10 
Across the age continuum from middle to later life, 

the onset of AD is gradual and is believed to be pre-
ceded by an earlier state of mild cognitive impairment 
(MCI). The term, MCI, was originally used to describe 
an amnestic state, but has since been broadened to 
include impairments in other cognitive domains.  

It is now one of several terms which is used to de-
scribe a cognitive state intermediate between normal 
aging and AD, often with the implication that it is a risk 
factor or prodromal state for AD or other dementias.11 

Community-based studies have reported MCI preva-
lences ranging from 2.8 to 6.1%.12,13 In the large, na-
tionally representative Canadian Study of Health and 
Aging, the prevalence of MCI was about 16%, twice 
that of AD.14 In the Cardiovascular Health Study, 6% of 
the sample had amnestic MCI and 16% had MCI with 
multiple cognitive deficits15; 6% of all MCI cases and 
21.5% of all multiple deficit cases did not have memory 
impairment.13 In the Leipzig Longitudinal Study of the 
Aged, the prevalence of MCI varied from 3 to 20%, de-
pending on the definition of MCI.16 Known risk factors 
for AD include advanced age, female gender, lower edu-
cational level, cerebrovascular disease, hypertension, ar-
rhythmia, hyperlipidemia, alcohol-related disorders, dia-
betes mellitus, and smoking. All of these can be modified 
or prevented to some degree.17,18  

While hypertension is known to be a risk factor for 
cerebrovascular events and vascular dementia, recent 
studies show that midlife hypertension is also a risk 
factor for cognitive impairment and AD in later life.3,17 
Cardiovascular and metabolic risk factors, such as hy-
pertension and diabetes, have been hypothesized to play 
roles in the pathogenesis of AD and in the development 
of vascular dementia.19-22 

Metabolic syndrome, a clustering of several commonly 
occurring disorders that includes abdominal obesity, hy-
pertriglyceridemia, low high-density lipoprotein (HDL) 
level, hypertension, and hyperglycemia, has not been 
specifically investigated as a risk factor for cognitive 
impairment in the elderly. Metabolic syndrome may be 
a risk factor for cognitive impairment simply because it 
summarizes the combined effects of the risk factors as-
sociated with the component disorders. 

The prevalence of metabolic syndrome, like that of 
cognitive disorders, increases with age. If metabolic syn-
drome is associated with an increased risk of developing 
cognitive impairment, then early identification and treat-
ment of individuals suffering from metabolic disorder 
may offer opportunities for modifying the development 
of cognitive disorders.23,24 

Obesity and sedentary lifestyles have become more 

common in Korea, just as they have in developed Western 
countries. It is therefore very important to identify and 
clarify the deleterious effects of modifiable behaviours 
in increasing the risk of outcomes, such as cognitive im-
pairment.24 

This study aimed to estimate the prevalence of AD 
and mild cognitive impairment and to survey their risk 
factors, especially metabolic syndrome in older people 
in Busan, a metropolitan area of Korea.  

 
Methods 

 
This is a community study, which employed a two-

stage design to obtain estimates of the prevalence of AD 
and its risk factors, especially metabolic syndrome. The 
study was conducted from July 2005 through February 
2007 in Gaegeum 2 dong, Busanjin-gu, one of the 16 
districts in Busan, the second largest city in Korea. The to-
tal population of Gaegeum 2 dong was 16,817, and 1,215 
(7.22%) residents were aged 65 and older (established 
from resident registration records in January 2005).  

The institutional review board of the Medical College 
of Inje University, Busan Paik Hospital, Korea, approved 
the study protocol. All participants or family members 
provided informed consent. 

 
Phase I: Population survey  

During the period July 2005 through February 2006, 
1,215 elderly people were invited to participate in a sur-
vey, which involved them responding to a structured 
interview administered in their homes by two trained 
research nurses and seven psychiatrists. If the respon-
dent could not provide sufficient information without 
assistance, reliable informants (spouse, child, other rel-
atives, close friends, in that descending order) were also 
interviewed. The structured interview consisted of de-
mographic questions, past and present medical history, 
the Mini-Mental State Examination (MMSE-KC) of the 
Korean version of the Consortium to Establish a Registry 
for Alzheimer’s Disease Assessment Packet (CERAD-
K),25 and the Korean version of the Geriatric Depres-
sion Scale (GDS-K).26 

The demographic part of the structured interview 
consisted of questions on age, gender, education, height, 
weight, family members living with the subject, and 
previous or present occupation. The medical history in-
volved questions relating to hypertension, diabetes mellitus, 
stroke, major endocrine/hepatic/pulmonary/renal/cardiac 
disease, head trauma, seizures, encephalitis, Parkinson’s 
disease, alcohol abuse, depression, other major psychiat-
ric illnesses, and the use of prescription and/or nonpre-
scription medications.  
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Phase II: Clinical evaluation  
Each of the Phase I participants was placed in one of 

three groups according to performance on the MMSE-
KC: ‘good’ (MMSE-KC, 0-1.0 SDs below the mean 
score), ‘intermediate’ (MMSE-KC, 1.0-1.5 SDs below 
the mean score), or ‘poor’ (MMSE-KC≧1.5 SDs below 
the mean score).  

For the Phase II clinical evaluation, participants were 
then randomly sampled from each group using different 
sampling fractions. The group-specific sampling fractions 
were 20% for the ‘good’, 50% for the ‘intermediate’, and 
100% for the ‘poor’ performance groups. These sampling 
fractions were designed to increase the number of AD 
cases included in the study by giving greater weight to 
the selection of participants from the lower performing 
groups. 

The research physicians involved were blinded to the 
results of the survey in Phase I.  

The clinical evaluations were carried out from Sep-
tember 2006 to February 2007. by a psychiatrist with 
advanced training in AD and eight psychiatric residents, 
who conducted standardized clinical interviews and per-
formed physical and neurological examinations accord-
ing to the protocol of the Korean version of the CERAD 
Clinical Assessment Battery [CERAD-K (C)].25 

Where necessary, reliable informants were interview-
ed to obtain accurate information about cognitive and 
functional changes and the medical histories of the par-
ticipants. We depended more heavily on the reports of 
informants than the test scores in evaluating illiterate or 
poorly educated subjects. We also used the medical and 
psychiatric history data and GDS-K26 scores collected in 
the Phase I survey as reference information for the eval-
uation of each Phase II participant. This made it possible 
to save time and reduce the possible omission of major 
medical or psychiatric histories that might have affected 
the cognitive state of the participants. 

Two trained research nurses administered the eight 
neuropsychological tests from the Korean version of the 
CERAD neuropsychological assessment battery [CERAD-
K (N)].25 These were the Verbal Fluency Test, the 15-
item Korean Version of the Boston Naming Test, the 
MMSE-KC, and the tests of Word List Memory, Con-
structional Praxis, Word List Recall, Word List Recogni-
tion, and Constructional Recall. 

The CERAD-K (C) and CERAD-K (N) were devel-
oped by translating the original English-language ver-
sion of the CERAD assessment packet27 into Korean 
after considering cultural and linguistic differences. The 
cognitive tests in CERAD-K (C) and CERAD-K (N) 
have been shown to be reliable and valid equivalents of 
the tests in the English-language version of the CERAD 

clinical and neuropsychological assessment batteries.25 
All participants in the Phase II evaluation were assess-

ed for metabolic syndrome. The presence of metabolic 
syndrome was determined with using the National Cho-
lesterol Education Program Third Adult Treatment Panel 
guidelines, which require the presence of at least three 
of the following: waist measurement of over 88 cm for 
women and over 102 cm for men, hypertriglyceridemia 
[≥150 mg/dL (≥1.69 mmol/L)], low HDL choles-
terol [<40 mg/dL (<1.03 mmol/L) in men and <50 mg/ 
dL (<1.29 mmol/L) in women], high blood pressure 
(systolic, ≥130 mmHg; diastolic, ≥85 mmHg, using 
the average of two seated measurements or current use 
of an antihypertensive medication), and high fasting 
glucose [≥110 mg/dL (≥6.10 mmol/L) or current use 
of an antidiabetic (insulin or oral agents) medication]. 
Lipid levels were measured after fasting. 

 
Diagnostic criteria and assessments 

The presence of AD was initially identified according 
to the diagnostic criteria in the Diagnostic and Statistical 
Manual of Mental Disorders, Fourth edition-Text Revi-
sion (DSM-IV-TR).28 Those Phase II respondents meet-
ing the DSM-IV-TR diagnostic criteria for AD were then 
further assessed to determine diagnostic subtypes. AD 
was diagnosed according to the criteria of the National 
Institute of Neurological and Communicative Disorders 
and Stroke and the Alzheimer’s Disease and Related 
Disorders Association (NINCDS-ADRDA).29 The diag-
nosis of vascular dementia (VD) was made according 
to the criteria of the National Institute of Neurological 
and Communicative Disorders and Stroke-Association 
Internationale pour la Recherche et l’Enseignement en 
Neurosciences (NINDS-AIREN) criteria.30 A Modified 
Hachinski Ischemic Score31 was also obtained for each 
case of dementia for reference purposes. All subjects 
with VD detected in this study scored greater than 4 on 
the Modified Hachinski Ischemic Scale. In this study, 
subjects with a probable or possible AD based on each 
set of diagnostic criteria were included, but those with 
VD were excluded. 

The diagnosis of MCI was established by evidence of 
memory impairment, preservation of general cognitive 
and functional abilities, and the absence of diagnosed 
AD. MCI is staged clinically at the 0.5 severity level on 
the Clinical Dementia Rating (CDR) scale.32 The CDR 
scale is a dementia staging instrument used to rate the 
severity of cognitive impairment at five levels from 
none to a maximal 3 (rated as 0, 0.5, 1, 2, or 3) in each 
of six domains: memory, orientation, judgment and prob-
lem solving, function in community affairs, home and 
hobbies, and personal care with the last having no 0.5 
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impairment level.32,33 
Based on collateral sources and an interview of the 

study subject, a global CDR score was derived from the 
individual ratings in each domain, so that a CDR-0 
indicated no dementia and CDRs 0.5, 1, 2, and 3 repre-
sented very mild, mild, moderate and severe dementia, 
respectively. The CDR-0.5 level was originally desig-
nated “questionable dementia or MCI”.33,35 

A panel composed of eight psychiatrists reviewed all 
the data, including the raw materials from the clinical 
interviews, thephysical and neurological examinations, 
the neuropsychological test results, and the medical re-
cords. They then assigned the final diagnosis and CDR 
index35 and divided all participants into three groups: 
healthy controls, and patients with MCI or AD. 

 
Statistical analyses 

ANOVA or t-tests were conducted to analyse group 
differences in terms of the demographic and metabolic 
syndrome data.17,18 Univariate adjusted logistic regres-
sion analyses were used to explore the separate associ-
ations of age, education, weight and GDS-K score with 
the presence of AD. The possible overestimation of the 
odds ratios was corrected by adjusting to approximate 
risk ratios, using the method of Zhang and Yu,36 The 
95% confidence intervals (CIs) were derived using the 
exact methods of a binomial parameter. A lack of over-
lap of the 95% CIs was used as the criterion for a stati-
stically significant difference between any two preva-
lences. All analyses were conducted using SAS software 
(version 8.2; SAS Institute, Cary, NC).  

 
Results 

 
Of the 1215 persons originally contacted, 706 (58.1%) 

participated in the Phase I population survey. And of 
these 252, 281, and 130 were assigned to the the good, 
intermediate and poor performance groups, respectively, 
according to their MMSE-KC score. Forty-three were 
excluded from the assignment due to incomplete infor-
mation. The MMSE-KC mean score (±SD) of all the 
Phase I participants was 22.1±7.2. The medical and 
psychiatric history data and GDS-K scores collected in 
the Phase I interview were used only as reference in-
formation in the Phase II clinical evaluation of each 
participant, and quantitative summaries of these data are 
not provided in this report. The reasons for the non-
participation in the Phase I survey by the remaining 509 
people were as follows: refusal (102 persons, 20.0%), 
incorrect address or change of address (327 persons, 
64.2%), not being home for three attempted visits (40 
persons, 7.9%), serious illness (30 persons, 5.9%), and 

death (10 persons, 2.0%). Of the 706 participants, 267 
from the three MMSE-KC score groups were invited to 
participate in the Phase II clinical evaluation, and 175 
(65.5%) completed the evaluation. The reasons for non-
completion of the Phase II clinical evaluation by the re-
maining 92 were as follows: refusal (43 persons, 47.1%), 
not being home for three attempted visits (29 persons, 
31.5%), admission for serious illness (16 persons, 17.4%), 
and death (4 persons, 4.35%). 

The subjects who did not participate in the Phase I 
survey or the Phase II clinical evaluation were not sig-
nificantly different in terms of age, education, or gender 
from those who did participate. The mean interval (±
SD) between the completion of Stage I and Phase II was 
394±48 days. The mean age (±SD) of the subjects was 
74.3±16.7 years, and the ratio of males to females was 
53.2 to 46.8. Of the 175 (65.5%) people who partici-
pated in the Phase II clinical evaluation, 16 met the DSM-
IV-TR criteria for AD, 57 were rated as having MCI23 and 
102 had normal cognitive functioning (Figure 1). The 
overall prevalences, adjusted for those aged 65 and older 
in the population of Gaegeum 2 Dong, Busanjin-gu, were 
estimated to be 9.0% for AD, 32.9% for MCI, and 58.1% 
for normal cognitive functioning. 

The sociodemographic and clinical characteristics of 
the subjects participating in the Phase II clinical evalua-
tion are summarized in Table 1. The prevalence of MCI 
and AD and showed a statistically significant increase 

Total population (n=16,817) 
The elderly (n=1,215) 

20% 

MMSE-KC 

Good 
MMSE-KC 
(SD<1.0) 
n=252 

Intermediate 
MMSE-KC 

(1.0≀≦SD<1.5) 
n=281 

Poor 
MMSE-KC 
(SD≦1.5) 

n=130 

50% 100% 

Diagnostic procedure 

Normal 
n=102 

MCI 
n=57 

Alzheimer’s dementia 
n=16 

CERAD-K (C) 
CERAD-K (N) 

Phase I 

Phase II 

FIGURE 1. Summary of the study participants. MMSE-KC: Mini-
Mental State Examination-KC, CERAD-K: Consortium to Estab-
lish a Registry for Alzheimer’s disease-K, MCI: mild cognitive 
impairment. 
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with advancing age, lower levels of education, lower 
MMKE-KC scores, and higher GDS-K scores.  

The mean blood glucose and lipid levels and the 
prevalences of metabolic syndrome in the normal par-
ticipants and subjects with MCI and AD are shown in 
Table 2. The overall prevalence of metabolic syndrome 
in this study was 24.7% (25% in the normal cognitive 
group, 23.3% in the MCI group, and 30% in the AD 

group). We found no statistically significant differences 
in the mean scores for each metabolic syndrome factor 
and the prevalences of metabolic syndrome in the nor-
mal, MCI, and AD groups. 

To explore the separate associations of age, years of 
education, weight, waist circumference, and GDS-K score 
with the frequency of AD, odds ratios were calculated 
by a univariate logistic regression analysis. Older age, 
lower education, higher weight, and higher GDS-K scores 
were significantly associated with an increased preva-
lence of AD (Table 3). 

 
Discussion 

 
The prevalences of AD and MCI were estimated in 

elderly people in a metropolitan area of Korea, and the 
independent association of risk factors for AD, espe-
cially metabolic syndrome, was explored. The overall 

TABLE 1. Sociodemographic and clinical characteristics of the subjects

  Normal MCI AD 

 (N=102) (N=57) (N=16) 
p value 

Age (years)* 71.88 (±4.17) 73.82 (±4.51) 076.63 (±4.60) <0.001 

Gender (M/F) 53/49 34/23 6/10 <0.273 

Years of education† 005.85 (±04.63) 004.93 (±03.27) 001.69 (±03.09) <0.001 

MMSE-KC* 023.12 (±03.15) 018.39 (±02.75) 013.00(±04.26) <0.001 

GDS-K* 015.42 (±07.18) 019.91 (±05.64) 023.44 (±03.78) <0.001 

Height (cm) 157.60 (±09.1)0 158.40 (±10.3)0 152.80 (±09.4)0 <0.111 

Weight (kg)† 060.87 (±09.28) 058.74 (±10.90) 052.26 (±09.72) <0.005 

Years of alcohol consumption 020.49 (±22.53) 027.33 (±25.40) 015.06 (±22.82) <0.102 

Years of smoking 017.73 (±21.91) 019.62 (±24.53) 018.19 (±23.70) <0.885 

History of hypertension (%) 41.18 34.55 43.75 <0.669 

History of diabetes mellitus (%) 17.65 16.36 12.50 <0.873 

History of head trauma (%) 14.71 25.93 18.75 <0.230 
*p<0.001, †p<0.01. MMSE-KC: Korean version of the Mini-Mental Status Examination in the Consortium to Establish a Registry for Alz-
heimer’s disease (CERAD) assessment packet. MCI: mild cognitive impairment, AD: Alzheimer’s dementia, GDS-K: Geriatric Depression
Scales 
 
TABLE 2. Mean blood glucose and lipid levels and prevalence of metabolic syndrome in normal participants and subjects with MCI and AD

 Normal MCI AD 

 102 57 16 
p value 

Glucose (mg/dL) 117.5 (±41.7) 114.6 (±049.8) 110.5 (±028.5) 0.889 

Total cholesterol (mg/dL) 192.0 (±42.2) 194.6 (±035.5) 193.1 (±041.5) 0.957 

Triglycerides (mg/dL) 134.6 (±72.3) 152.6 (±110.0) 185.5 (±143.3) 0.321 

LDL cholesterol (mg/dL) 118.0 (±36.5) 114.1 (±031.8) 112.9 (±044.2) 0.854 

HDL cholesterol (mg/dL) 053.2 (±08.7) 058.9 (±022.2) 052.5 (±016.0) 0.259 

Systolic blood pressure (mmHg) 112.1 (±06.8) 110.5 (±007.4) 111.3 (±009.6) 0.443 

Diastolic blood pressure (mmHg) 070.9 (±05.6) 071.4 (±006.4) 070.6 (±004.4) 0.827 

Waist circumference (cm)* 085.4 (±08.6) 081.9 (±008.8) 081.3 (±008.5) 0.022 

Metabolic syndrome (%) 50.0% 37.8% 40.0% 0.536 

MCI: mild cognitive impairment, AD: Alzheimer’s dementia, LDL: low-density lipoprotein, HDL: high-density lipo-protein 
 
TABLE 3. Correlation of significant risk factors with AD 

  Odds ratio (95% CI) p value 

Age* 1.20 (1.07–1.35) 0.001 

Years of education* 0.74 (0.62–0.90) 0.002 

Weight* 0.92 (0.87–0.98) 0.004 

Waist circumference 0.96 (0.91–1.02) 0.219 

GDS-K scores* 1.20 (1.07–1.34) 0.001 
AD: Alzheimer’s dementia, GDS-K: Korean version of the Geri-
atric Depression Scale 
 



 
 
 
 
 

SJ Choi et al. 

www.psychiatryinvestigation.org 83 

prevalence, adjusted for the older population of Gaegeum 
2 dong, Busanjin-gu, was estimated to be 9.0% for AD 
and 32.9% for MCI. The results of this study suggest 
that old age and low educational level are risk factors 
for AD and MCI, and that in this study population, met-
abolic syndrome had no significant association with AD 
or MCI. 

The estimated prevalence of AD of 9.0% is similar to 
that from a study in Seoul.7 However, lower prevalences 
have been found in urban populations in Japan and 
China.37,40,41 

The estimated prevalence of MCI was 32.9%. The 
reported prevalences and incidences of MCI or prede-
mentia syndromes vary from study to study because of 
the different diagnostic criteria used and different sam-
pling and assessment procedures. MCI is thought to be a 
prodromal phase of AD and therefore highly predictive 
of subsequent “conversion”.42 In an Italian study, the 
prevalence was 9.5% for cognitive impairment [not de-
mented (CIND)] and 16.1% for MCI.43 

Consistent with other studies,40,41,44 the prevalence of 
AD and MCI increased rapidly with advancing age. 
Many studies have reported old age, low educational 
level, female gender, a family history of AD, and a 
history of head trauma to be risk factors for AD.44 Our 
findings also pointed to old age and low educational 
level being significant risk factors in the development of 
AD and MCI (Table 1). 

Epidemiologic data supporting the cognitive reserve 
hypothesis include observations that higher educational 
and occupational attainment is associated with a decrea-
sed risk of AD. Factors other than education and oc-
cupation might also provide a reserve against the patho-
logic changes occurring in AD. More highly educated 
persons may have a greater cognitive reserve, and this 
may postpone the clinical manifestations of AD.45-48 

Many studies have also reported that AD was more 
prevalent in women, while a few have reported that the 
prevalence was higher in men, or at least equal between 
the two genders.48,49 Another Korean study showed that 
the overall frequency of AD in women was twice that in 
men, and the gender difference in the prevalence of AD 
was statistically significant.9 In the present study, how-
ever, we found no gender difference. 

We explored the separate associations of each factor 
of metabolic syndrome with the prevalence of AD and 
MCI. However, neither metabolic syndrome nor any of 
its component factors were associated with an increased 
frequency of AD or MCI (Table 2). These results were 
similar to those of two other prospective studies that 
found no association between lipoprotein levels and the 
risk of AD. 

Metabolic syndrome also appears to predispose peo-
ple to cognitive dysfunction and AD.50 In elderly women, 
metabolic syndrome may be an important contributor to 
the worsening of memory, an essential feature of MCI.51 
The findings of studies that have investigated the rela-
tionship between serum lipoprotein levels and the risk 
of cognitive impairment are conflicting. Some cross-
sectional studies suggest that high total cholesterol lev-
els are associated with an increased risk of AD, while 
others report that low total cholesterol levels are asso-
ciated with the rvisk of developing AD.52-54 In one study 
of more than 1,000 elderly people, a higher baseline low-
density lipoprotein (LDL) cholesterol level was associ-
ated with an increased risk of developing stroke-related 
dementia, but not with the risk of developing AD.55,56 

Another study reported a statistically significant as-
sociation between lower total cholesterol levels and higher 
rates of cognitive decline in older populations, but its 
clinical significance remains unclear.57,58 In an Italian 
study of elderly people, those who converted from MCI 
to AD tended to have higher serum HDL levels and lower 
serum folate levels.42 

Even when using the same diagnostic criteria no clear 
agreement exists among clinicians and researchers re-
garding the degree of functional impairment that is suf-
ficient to warrant a diagnosis of AD.7 This issue may be 
one of the major reasons for the varying estimates of 
AD across different populations. Our results were based 
on systematic clinical evaluations and the Korean ver-
sion of the CERAD battery, including some psychometric 
tests, thus potentially improving the discrimination be-
tween AD, MCI, major depression, and healthy controls.7,19 

To reduce false-negatives, eight trained and experi-
enced psychiatrists and two trained research nurses 
performed face-to-face clinical diagnostic evaluations of 
all participants assessed in Phase I and Phase II. 

Although care was taken to avoid misdiagnosing AD 
because of a low level of education or intellectual disa-
bility, overall response rates in this study were 58.1% of 
the total population in the Phase I survey and 24.8% in 
the Phase II clinical evaluation. The response rate for 
Phase I was somewhat lower than that of a rural study in 
Korea (85.2% in Suh et al.53). However, it was some-
what higher than the response rates found in other urban 
studies (37.7% in Cho et al.36 and 53.8% in Bae et al.37). 

The possibility exists that the prevalences of AD and 
MCI were underestimated in this study. A major cause 
of the low response rate was the long interval between 
the Phase I and Phase II evaluations. As in previous 
studies, people who lived in an affluent residential area 
frequently refused to participate in the study despite 
three visits for enrollment.38,39 
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Clearly, this study has some limitations. First, the 
study included only noninstitutionalized elderly people. 
If institutionalized people had been included, it is likely 
that the estimated prevalence of AD would have been 
higher. However, this may be of little importance be-
cause institutional care for AD patients is not common 
in Koreawhere most AD patients live with their families. 
Secondly, AD was confirmed according to DSM-IV-TR 
and NINDS-ADRDA criteria. If subjects with a di-
agnosis of VD were excluded by the panel and did not 
contribute the estimated prevalence rate of AD. Further-
more, neuroimaging data were not available for all the 
AD patients. All of these factors may have contributed 
to an underestimation of the frequency of AD. 

The prevalences for AD and MCI were estimated to 
be 9.0% and 32.9% respectively when adjusted for the 
older population of Gaegeum 2 dong, Busanjin-gu. The 
results suggest that whereas old age and low educational 
level are risk factors for AD and MCI, metabolic syndrome 
had no significant association with either AD or MCI. 
Further longitudinal, prospective community studies are 
needed to test the hypothesis that the epidemiological 
transition into AD is causally related to modifiable risk 
factors in the elderly. 

 
REFERENCES 
1. Gleason OC. Delirium. Am Fam Physician 2003;67:1027-1034. 
2. Suh GH, Kim JK, Cho MJ. Community study of dementia in the older 

Korean rural population. Aust N Z J Psychiatry 2003;37:606-612. 
3. Hendrie HC, Osuntokun BO, Hall KS, Oqunnivi AO, Hui SL, Un-

verzaqt FW, et al. Prevalence of Alzheimer’s disease and dementia in 
two communities: Nigerian Africans and African Americans. Am J 
Psychiatry 1995;152:1485-1492.  

4. Folstein MF, Bassett SS, Anthony JC, Romanoski AJ, Nestadt GR. 
Dementia: case ascertainment in a community survey. J Gerontol 
1991;46:M132-138. 

5. Lee DY, Lee JH, Ju YS, Lee KU, Kim KW, Jhoo JH, et al. The 
prevalence in older people in an urban population of Korea: the Seoul 
study. Am Geriat Soc 2002;50:1233-1239.  

6. Suh GH, Kim JK, Cho MJ. Community study of dementia in the older 
Korean rural population. Aust N Z J Psychiatry 2003;37:606-612.  

7. Park J, Ko HJ, Park YN, Jung CH. Dementia among the elderly in a 
rural Korean community. Br J Psychiatry 1994;164:796-801.  

8. The incidence of dementia in Canada. The Canadian study of Health 
Aging Working Group. Neurology 2000;55:66-73.  

9. Petersen RC, Morris JC. Mild cognitive impairment as a clinical entity 
and treatment target. Arch Neurol 2005;62:1160-1163.  

10. Ritchie K, Artero S, Touchon J. Classification criteria for mild cogni-
tive impairment: a population-based validation study. Neurology 2001; 
56:37-42.  

11. Ganguli M. Mild cognitive impairment and the 7 uses of epidemio-
logy. Alzheimer Dis Assoc Disord 2006;20:S52-57.  

12. Graham JE, Rockwood K, Beattie BL, Eastwood R, Gauthier S, Tuok-
ko H, et al. Prevalence and severity of cognitive impairment with and 
without dementia in an elderly population. Lancet 1997;21:1793-1796.  

13. Bennett DA, Wilson RS, Schneider JA, Evans DA, Beckett LA, 
Aggarwal NT, et al. Natural history of mild cognitive impairment in 
older persons. Neurology 2002;23:59-205.  

14. Lopez OL, Jagust WJ, DeKosky ST, Becker JT, Fitzpatrick A, 
Dulberg C, et al. Prevalence and classification of mild cognitive im-
pairment in the Cardiovascular Health Study Cognition Study: part 1. 
Arch Neurol 2003;60:1385-1389.  

15. Feldman HH, Jacova C. Mild cognitive impairment. Am J Geriatr 
Psychiatry 2005;13:645-655.  

16. Takechi H. Hypertension as a risk factor of dementia and cognitive 
decline in the elderly. Nippon Ronen Igakkai Zasshi 2007;44:433-436.  

17. Boston PF, Dennis MS, Jagger C. Factors associated with vascular 
dementia in an elderly community population. Int J Geriatr Psychiatry 
1999;14:761-766.  

18. Brayne C, Gill C, Huppert FA, Barkley C, Gehlhaar E, Girling DM, et 
al. Vascular risks and incident dementia: results from a cohort study of 
the very old. Dement Geriatr Cogn Disord 1998;9:175-180.  

19. Yaffe K. Metabolic syndrome and cognitive decline. Curr Alzheimer 
Res 2007;4:123-126.  

20. Launer LJ. Demonstrating the case that AD is a vascular disease: 
epidemiologic evidence. Ageing Res Rev 2002;1:61-77.  

21. Kalmijn S, Feskens EJ, Launer LJ, Stijnen T, Kromhout D. Glucose 
intolerance, hyperinsulinaemia and cognitive function in a general 
population of elderly men. Diabetologia 1995;38:1096-1102.  

22. Gregg EW, Yaffe K, Cauley JA, Rolka DB, Blackwell TL, Narayan 
KM, et al. Is diabetes associated with cognitive impairment and 
cognitive decline among older women? Study of Osteoporotic Frac-
tures Research Group. Arch Intern Med 2000;160:174-180.  

23. Yaffe K, Barrett-Connor E, Lin F, Grady D. Serum lipoprotein levels, 
statin use, and cognitive function in older women. Arch Neurol 2002; 
59:378-384.  

24. Yaffe K, Kanaya A, Lindquist K, Simonsick EM, Harris T, Shorr RI, 
et al. The metabolic syndrome, inflammation, and risk of cognitive 
decline. JAMA 2004;292:2237-2242.  

25. Lee JH, Lee KU, Lee DY, Kim KW, Jhoo JH, Kim JH, et al. 
Development of the Korean version of the Consortium to Establish a 
Resistry for Alzheimer’s Disease Assessment Packet (CERAD-K): 
clinical and neuropsychological assessment batteries. J Gerontol B 
Psychol Sci Soc Sci 2002;57:P47-53.  

26. Bae JN, Cho MJ. Development of the Korean version of the Geriatric 
Depression Scale and its short form among elderly psychiatric patients. 
J Psychosom Res 2004;57:297-305.  

27. Morris JC, Heyman A, Mohs RC, Huqhes JP, van Belle G, Fillen-
baum G, et al. The Consortium to Establish a Resistry for Alzheimer’s 
Disease (CERAD). Part I. Clinical and neuropsychological assess-
ment of Alzheimer’s Disease. Neurology 1989;39:1159-1165. 

28. American Psychiatric Association. Diagnostic and Statistical Manual 
of Mental disorder, 4th edition-text revision. Washington, DC: Amer-
ican Psychiatric Association, 2000, p. 243-255.  

29. McKhann G, Drachman D, Folstein M, Katzman R, Price D, Stadlan 
EM. Clinical diagnosis of Alzheimer’s disease: report of the NINCDS-
ADRDA Work Group under the auspices of Department of Health 
and Human Services Task Force on Alzheimer’s Disease. Neurology 
1984;34:939-944.  

30. Román GC, Tatemichi TK, Erkinjuntti T, Cummings JL, Masdeu JC, 
Garcia JH, et al. Vascular dementia: diagnostic criteria for research 
studies. Report of the NINDS-AIREN International Workshop. Neu-
rology 1993;43:250-260.  

31. Rosen WG, Terry RD, Fuld PA, Katzman R, Peck A. Pathological 
verification of ischemic score in differentiation of dementias. Ann Neu-
rol 1980;7:486-488.  

32. Morris JC. The Clinical Dementia Rating (CDR): current version and 
scoring rules. Neurology 1993;43:2412-2414.  

33. Hughes CP, Berg L, Danziger WL, Coben LA, Martin RL. A new 
clinical scale for the staging of dementia. Br J Psychiatry 1982;140: 
566-572.  

34. Morris JC, Storandt M, Miller JP, McKeel DW, Price JL, Rubin EH, 
et al. Mild cognitive impairment represents early-stage Alzheimer 



 
 
 
 
 

SJ Choi et al. 

www.psychiatryinvestigation.org 85 

disease. Arch Neurol 2001;58:397-405.  
35. Suh GH, Kim JK, Yeon BK, Park SK, Yoo KY, Yang BK, et al. 

Prevalence and risk factors of dementia and depression in the elderly. 
J Korean Neuropsychiatr Assoc 2000;39:809-824.  

36. Cho MJ, Hahm BJ, Jhoo JH, Bae JN, Kwon JS. Prevalence of cogni-
tive impairment and depressive symtoms among the elderly in an 
urban community. J Korean Neuropsychiatr Assoc 1998;37:352-362.  

37. Bae JN. Dementia, depressive disorders and substance use disorders 
among the urban elderly in Korea: Seoul National Univ, 2001, p.24-27.  

38. Hughes CP, Berg L, Danziger WL, Coben LA, Martin RL. A new 
clinical scale for the staging of dementia. Br J Psychiatry 1982;140: 
566-572.  

39. Ueda K, Kawano H, Hasuo Y, Fujishima M. Prevalence and etiology 
dementia in a Japanese community. Stroke 1992;23:798-803.  

40. Li G, Shen YC, Chen CH, Zhao Yw, Li SR, Lu M. An epidemiological 
survey of age-related dementia in an urban area of Beijing. Acta 
Psychiatr Scand 1989;79:557-563.  

41. Zhang M, Katzman R, Salmon D, Jin H, Cai GJ, Wang ZY, et al. The 
prevalence of dementia and Alzheimer’s disease in Shanghai, China: 
impact of age, gender, and education. Ann Neurol 1990;27:428-437.  

42. Maioli F, Coveri M, Pagni P, Chiandetti C, Marchetti C, Ciarrocchi R, 
et al. Conversion of mild cognitive impairment to dementia in elderly 
subjects: a preliminary study in a memory and cognitive disorder unit. 
Arch Gerontol Geriatr 2007;44 Suppl 1:233-241.  

43. Di Carlo A, Lamassa M, Baldereschi M, Inzitari M, Scafato E, Farchi 
G, et al. CIND and MCI in the Italian elderly: frequency, vascular risk 
factors, progression to dementia. Neurology 2007;68:1909-1916.  

44. Jorm AF. The epidemiology of Alzheimer’s disease and related dis-
order. London, England: Chapman & Hall, 1990, p.34-37.  

45. Stern Y, Gurland B, Tatemichi TK, Tang MX, Wilder D, Mayeux R. 
Influence of education and occupation on the incidence of Alzheimer’s 
disease. JAMA 1994;271:1004-1010.  

46. Scarmeas N, Zarahn E, Anderson KE, Habeck CG, Hilton J, Flynn J, 
et al. Association of life activities with cerebral blood flow in Alz-
heimer disease: implications for the cognitive reserve hypothesis. Arch 
Neurol 2003;60:359-365.  

47. Katzman R. Education and the prevalence of dementia and Alz-

heimer’s disease. Neurology 1993;43:13-20.  
48. Li G, Shen YC, Chen CH, Zhao YW, Li SR, Lu M. An epidemio-

logical survey of age-related dementia in an urban area of Beijing. Acta 
Psychiatr Scand 1989;79:557-563.  

49. Wang W, Wu S, Cheng X, Dai H, Ross K, Du X, et al. Prevalence of 
Alzheimer’s disease and other dementing disorders in an urban 
community of Beijing, China. Neuroepidemiology 2000;19:194-200.  

50. Forette F, Boller F. Hypertension and the risk of dementia in the 
elderly. Am J Med 1991;90:14S-19S. 

51. Komulainen P, Lakka TA, Kivipelto M, Hassinen M, Helkala EL, 
Haapala I, et al. Metabolic syndrome and cognitive function: a po-
pulation-based follow-up study in elderly women. Dement Geriatr 
Coqn Disord 2007;23:29-34.  

52. Evans RM, Emsley CL, Gao S, Sahota A, Hall KS, Farlow MR, et al. 
Serum cholesterol, APOE genotype, and the risk of Alzheimer’s 
disease: a population-based study of African Americans. Neurology 
2000;54:240-242.  

53. Notkola IL, Sulkava R, Pekkanen J, Erkinjuntti T, Ehnholm C, 
Kivinen P, et al. Serum total cholesterol, apolipoprotein E epsilon 4 
allele, and Alzheimer’s disease. Neuroepidemiology 1998;17:14-20.  

54. Romas SN, Tang MX, Berglund L, Mayeux R. APOE genotype, 
plasma lipids, lipoproteins, and AD in community elderly. Neurology 
1999;53:517-521.  

55. Moroney JT, Tang MX, Berglund L, Small S, Merchant C, Bell K,et 
al. Low-density lipoprotein cholesterol and the risk of dementia with 
stroke. JAMA 1999;282:254-260. 

56. Yaffe K, Barrett-Connor E, Lin F, Grady D. Serum lipoprotein levels, 
statin use, and cognitive function in older women. Arch Neurol 2002; 
59:378-384.  

57. Zimetbaum P, Frishman WH, Ooi WL, Derman MP, Aronson M, 
Gidez LI, et al. Plasma lipids and lipoproteins and the incidence of 
cardiovascular disease in the very elderly. The Bronx Aging Study. 
Arterioscler Thromb 1992;12:416-423.  

58. Yoshitake T, Kiyohara Y, Kato I, Ohmura T, Iwamoto H, Nakayama K, 
et al. Incidence and risk factors of vascular dementia and Alzheimer’s 
disease in a defined elderly Japanese population: the Hisayama Study. 
Neurology 1995;45:1161-1168.

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


