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Abstract. We investigated the prevalence of dementia and mild cognitive impairment (MCI) and the factors associate with
risk of dementia from a representative nationwide sample of Korean elders. 8,199 randomly-sampled Koreans aged 65 years
or older were invited to participate in the Phase I screening assessment using Mini-Mental State Examination by door-to-door
home visit, and 6,141 subjects (response rate =74.9%) responded. Among them, 2,336 subjects were invited to participate in
the Phase II diagnostic assessment for dementia and MCI, and 1,673 subjects responded (response rate =71.6%). Diagnostic
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assessments were administered using the Korean version of the Consortium to Establish a Registry for Alzheimer’s Disease
Assessment Packet (CERAD-K) Clinical Assessment Battery. The CERAD-K Neuropsychological Assessment Battery was
used for diagnosing MCI. Age-, gender-, education-, and urbanicity-standardized prevalence of dementia was estimated to be
8.1% (95% Cl=6.9-9.2) for overall dementia and 24.1% (95% CI=21.0-27.2) for MCI. Alzheimer’s disease (AD) was the
most prevalent type (5.7%) followed by vascular dementia (2.0%). Amnestic subtype (20.1%) was much more prevalent than
nonamnestic subtype in MCI (4.0%). Older age, being male, lower education level, illiteracy, smoking, and histories of head
trauma or depression were associated with increased dementia risk, and alcohol use and moderately intense exercise were
associated with decreased dementia risk. We expect numbers of dementia patients to double every 20 years until 2050 in Korea
and expect AD to account for progressively more dementia cases in the future.
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INTRODUCTION

With the world population aging, the number of
dementia patients worldwide will be increasing rapidly
by 2040. However, the rates of increase will not be uni-
form; the numbers in developed countries will increase
by 100% between 2001 and 2040 but by more than
300% in Asian and South American countries [1]. The
speed of the population aging in South Korea (here-
after, Korea) is projected to be one of the fastest in the
world. Korea will replace Italy as the world’s second-
oldest country by 2050. Due to this rapidly aging
population and its progressive lifestyle westernization,
dementia has emerged as a major health problem in
Korea [2, 3].

Accurate national estimates of dementia’s current
and future prevalence are essential for the effective
long-term care and medical cost planning that will
fall to the National Health Insurance, National Medi-
cal Aid Program, National Long-term Care Insurance,
and other private insurance programs for elderly adults
in Korea. Although 5 epidemiological studies on the
prevalence of dementia have been conducted in Korea
[4-8], extrapolations from a single city or county
of Korea were employed, and thus their prevalence
estimates of dementia varied widely (6.4%—10.8%).
Sample size was less than 1,000 and response rate was
under 30% in some studies [4—6]. Furthermore, only
1 of these studies investigated the prevalence of mild
cognitive impairment (MCI) and also the prevalence
of dementias other than Alzheimer’s disease (AD) and
vascular dementia (VD) [4, 9].

We investigated both the prevalence for dementia
and MCI and the factors associated with dementia risk
among a representative sample of Korean elders who
participated in the first nationwide, population-based
survey on dementia and MCI in Korea.

METHODS
Sample

The initial sample size (Ng) was estimated to be
4,531 using the following equation;

B 1.96> PQW
"~ E2 + (1.962 PQW/Nrt)

Ng

where P, Q, W, E, and N refer to the expected preva-
lence (%) of dementia, 100 — P (%), expected design
effect, maximum acceptable random sampling error
(%), and the number of total population, respectively
[10]. P was assumed to be 6.3% which was the lowest
estimated prevalence of dementia in Korea [5]. W was
assumed to be 2, and E was set as 1%. The number of
Korean elders aged 65 years old or over in 2008 (4, 365,
218) was computed as Nt. Assuming a response rate
of 60%, we needed at least 7,551 subjects and deter-
mined to recruit about 8,000 individuals at the initial
phase.

In order to capture national variations, we selected
15 districts across the country, and 13 hospitals were
responsible for conducting the surveys in their near-
est districts. The hospitals drew about 500 participants
aged 65 years or older from each district, except for one
large, mixed urban/rural district, which had 1,000 par-
ticipants. Then, we randomly selected villages within
the districts to cover about 5,000 residents aged 65
years or older, and selected 10% of them as participants
through systematic random sampling based on the res-
idential rosters. Finally 8,199 subjects who were living
independently in communities or living in institutions
such as nursing homes or hospitals were sampled as
the participants.
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Design

The current study employed a two-stage design to
obtain estimates of the prevalence of dementia and
MCL

Initially (Phase I population survey), the Korean ver-
sion of Mini-Mental State Examination (MMSE-KC)
was applied to all survey participants [11]. Persons
were then sampled to undergo a second stage eval-
uation (Phase II diagnostic evaluation) for dementia
from all levels of performance on MMSE-KC, which
was used only for sampling purposes for Phase II clin-
ical evaluation and not to determine or screen disease
status. The participants who responded to the Phase
I survey were placed in one of three groups accord-
ing to their performance in the MMSE-KC using age-,
gender-, and education-adjusted norms for Korean
elders [12], as follows: poor (MMSE-KC score less
than — 1.5 standard deviation (SD) of the norm), inter-
mediate (MMSE-KC score between —1.5 and —1.0
SD), and good (MMSE-KC score of —1.0 SD or
higher). Then, for the Phase II clinical evaluation, par-
ticipants were randomly sampled from each group with
different group-specific sampling fractions, as follows:
10% for the good, 50% for the intermediate, and 100%
for the poor performance group. The sampling frac-

tions were determined to outweigh the poorer cognitive
strata, which are likely to include more dementia cases.
The Phase I survey was conducted from May 2008
through October 2008. A total of 8,199 older people
sampled were invited to participate in the study by
door-to-door home visit, and 6,141 subjects (response
rate =74.9%) responded to a semi-structured interview
which consisted of the MMSE-KC, the Korean version
of the Geriatric Depression Scale Short form (SGDS-
K) [13], demographic characteristics, and checklists
for risk factors (Table 1). If the participant alone
could not give enough information, reliable informants
(spouse, child, other relatives, and close friends, in
descending order) were interviewed as well. There
were no statistically significant differences in gender-
and age distributions between responders and non-
responders (p-value =0.52 and 0.557, respectively).
The Phase II diagnostic evaluation took place from
June 2008 through November 2008. 2,336 subjects
(367 from the good performance group, 410 from the
intermediate group, and 1,559 from the poor group)
were invited to participate in the diagnostic evalua-
tion for dementia, and 1,673 subjects (281 from the
good performance group, 311 from the intermediate
group, and 1,081 from the poor group) responded
to this diagnostic evaluation (response rate =71.6%).

Table 1
Characteristics of participants in the first phase evaluation
Variable Level Men Women Total
(n=2,445) (n=3,696) (n=6,141)
Age 65-69 36.5 29.4 32.2
70-74 32.9 28.3 30.2
75-79 18.8 20.4 19.7
80-84 7.5 12.6 10.5
85+ 4.3 9.4 7.4
Education None 12.0 44.2 31.3
1-6 years 35.8 39.6 38.1
7 years+ 52.2 16.2 30.6
Residence Rural 33.7 349 344
Urban 66.3 65.1 65.6
Marital status Married 85.1 37.9 56.7
Bereaved & others 14.9 62.1 43.3
Economic status ~ Not disadvantaged 92.5 88.5 90.1
Disadvantaged* 7.5 11.5 9.9
Family history** No 91.5 93.7 92.8
Yes 8.5 6.3 7.2
Head trauma’ No 87.6 91.0 89.6
Yes 124 9.0 10.4
Illiteracy No 96.4 78.6 85.7
Yes 3.6 214 14.3
Depression No 77.6 68.9 72.4
Yest 22.4 311 27.6

*Subjects who were covered by the National Medical Aid program; **Presence of
dementia within first-degree family members; "Presence of previous head trauma,
with loss of consciousness exceeding 10 minutes; 1Score on the short form of the

Geriatric Depression Scale >8.
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There were no statistical difference in age, gender,
and education level among the performance groups
(all p-values <0.05), except that “no education” was
significantly more common among respondents in the
poor performance group (p=0.021). In this phase, a
face-to-face standardized diagnostic interview, physi-
cal and neurological examinations were administered
to each subject using the Korean version of the Consor-
tium to Establish a Registry for Alzheimer’s Disease
Assessment Packet (CERAD-K) Clinical Assessment
Battery (CERAD-K-C) [11] Geriatric psychiatrists,
who had received a certificate for CERAD-K Clini-
cal Assessment Battery (CERAD-K-C) administration
from the CERAD-K headquarter. The CERAD-K Neu-
ropsychological Assessment Battery (CERAD-K-N)
[11, 12] was also administered by neuropsycholo-
gists or trained research nurses. The CERAD-K-N
consists of 9 neuropsychological tests, as follows:
Verbal Fluency Test, 15-item Boston Naming Test,
MMSE-KC, Word List Memory Test, Constructional
Praxis Test, Word List Recall Test, Word List Recogni-
tion Test, Constructional Recall Test, and Trail Mak-
ing Test. All instruments were validated in the Korean
population. Brain computed tomography or mag-
netic resonance imaging (T1-weighted, T2-wighted,
FLAIR), laboratory tests including complete blood cell
count, chemistry profile, serological test for syphilis,
echocardiogram, and chest X-ray were conducted for
the subjects who were diagnosed to have dementia to
determine the subtypes of dementia.

The mean amount of alcohol consumed per day was
determined for subjects who indicated that they had
“drank alcohol within the last year”. One drink was
equivalent to a glass of wine, a half pint of beer, or a
single measure of spirits. The amount of exercise was
evaluated using the metabolic equivalent of task (MET)
by determining the mean hours of light, moderate and
vigorous exercises in a day in the past year.

The Institutional Review Board of Seoul National
University Hospital, Korea, approved this study pro-
tocol, and all participants or their family members
provided informed consent.

Diagnosis

Dementia was first defined according to the Diag-
nostic and Statistical Manual of Mental Disorders,
Fourth Edition (DSM-IV) diagnostic criteria [14].
For the subjects meeting DSM-IV diagnostic fea-
tures of dementia, subtypes of dementia were further
determined; AD according to the criteria of the
National Institute of Neurological and Commu-

nicative Disorders and Stroke and the Alzheimer’s
Disease and Related Disorders Association (NINCDS-
ADRDA) [15], vascular dementia (VD) according to
the criteria of the National Institute of Neurologi-
cal Disorders and Stroke-Association Internationale
pour la Recherche et I’Enseignement en Neuro-
sciences (NINDS-AIREN) [16], dementia of Lewy
body (DLB) and Parkinson’s disease with demen-
tia (PDD) according to the consensus guideline
proposed by McKeith et al. [17], frontotemporal
dementia according to the Lund-Manchester con-
sensus diagnostic criteria [18], and alcohol-related
dementia (ARD) according to the diagnostic crite-
ria proposed by Oslin et al. [19]. Efforts were made
to designate the primary (most important) cause of
dementia in each case instead of assigning mixed
dementia. Cases with ambiguous causes were clas-
sified as dementia not otherwise specified (NOS).
MCI was diagnosed according to the consensus cri-
teria from the International Working Group on MCI
[20]. The threshold of objective cognitive impair-
ment was set at —1.5 SD of the age-, gender- and
education-adjusted norms of the CERAD-K-N for
Korean elders [12] and intact functional activity was
defined as having 1 or less on the Blessed Demen-
tia Scale included in the CERAD-K-C. Subtypes
of MCI were further determined based on the neu-
ropsychological performance; amnestic MCI single
domain type (aMClIs), amnestic MCI multiple domain
type (aMCIm), nonamnestic MCI single domain type
(naMClIs), and nonamnestic MCI multiple domain type
(naMClIm).

Statistical analysis

In order to estimate the crude dementia prevalence,
we constructed sample weights for individuals, con-
sidering the sampling fraction and response rate at
the first and second phase. For estimating nation-
wide prevalence, we constructed weights based on
the distributions of gender, age, educational level, and
urbanicity from the 2005 National Census data. We
estimated the crude and the nationwide prevalence of
dementia, MCI, and their subtypes by applying sam-
ple weights. PROC SURVEYFREQ of SAS version
9.1 was employed for estimation, which applied Tay-
lor’s series expansion to estimate standard errors and
confidence intervals (REF1: SAS 9.1.3 Help and Doc-
umentation. SAS Institute Inc., Cary, NC). Finally, to
identify factors associated with a greater risk of demen-
tia, we employed univariate and multivariate logistic
regression models.
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RESULTS

Of the 1,673 participants who completed the Phase
II evaluation, 351 were diagnosed with dementia (252
AD, 81 VD, 2 DLB, 3 PDD, 2 FID, 2 ARD, 9
dementia NOS) and 487 were diagnosed with MCI
(149 aMCls, 257 aMCIm, 62 naMClIs, 19 naMCIm).
AD accounted for approximately 70.7% of overall
dementia and accounted for progressively more of the
dementia cases with increasing age, from 58.3% in the
age 65-69 group to 88.2% in the age 85+ group.

The crude prevalence rates were estimated as 9.2%
95% CI1=7.9-10.4%) for overall dementia, 6.5%
(95% CI=5.5-7.5%) for AD, 2.3% (95% CIl=1.6—
2.9%) for VD, 0.04% (95% CI=0.00-0.12) for DLB,
0.05% (95% CI=0.00-0.15) for PDD, 0.05% (95%

CI=0.00-0.16) for FTD, 0.03% (95% CI =0.00-0.08)
for ARD, and 0.20% (95% CI=0.07-0.34) for demen-
tia NOS (Table 2). The prevalence rate for DLB and
PDD was 0.13% (95% CI=0.01-0.25), and that of
dementia other than AD and VD was 0.4% (95%
CI=0.2-0.6). The prevalence of AD doubles, approx-
imately, every five years to age 85 years or older,
whereas that of VD reaches a plateau at 75-79
years. The age-, gender-, education-, and urbanicity-
standardized prevalence of dementia among Korean
elderly aged 65 years or older was estimated as 8.1%
(95% CI=6.9-9.2) for overall dementia, 5.7% (95%
CI=4.8-6.6) for AD, 2.0% (95% CI=1.3-2.6) for
VD, 0.11% (95% CI=0.00-0.23) for DLB and PDD,
0.03% (95% CI=0.00-0.08) for FTD, and 0.07% (95%
CI=0.00-0.16) for ARD. The prevalence rate was

Table 2
Estimated prevalence rates of dementia and its subtypes
Overall Subtypes
Alzheimer’s disease Vascular dementia Other dementia

Age* 65-69 3.6 (2.5-4.8) 2.1(1.2-3.0) 1.2 (0.6-1.9) 0.3 (0.0-0.6)
70-74 5.2 (3.8-6.6) 3.4(2.2-4.5) 1.6 (0.9-2.3) 0.2 (0.0-0.4)

75-79 11.3 (8.1-14.6) 6.9 (4.7-9.1) 3.7 (1.6-5.7) 0.8 (0.1-1.4)

80-84 17.8 (11.6-24.0) 13.2 (8.3-18.1) 3.5(0.0-7.1) 1.1 (0.1-2.0)

85+ 30.5 (22.1-38.9) 26.9 (19.2-34.7) 3.6 (1.3-5.8) n.a.

Gender* Men 8.0 (6.3-9.6) 5.1 (3.8-6.3) 2.5(1.7-3.3) 0.4 (0.1-0.7)
Women 9.9 (8.2-11.6) 7.3 (6.0-8.7) 2.1(1.2-3.1) 0.4 (0.2-0.7)

Education* None 15.5 (12.5-18.5) 11.5(9.2-13.8) 3.5(1.7-5.2) 0.5 (0.1-0.9)
1-6 years 6.2 (4.4-8.0) 4.5(2.9-6.1) 1.5(0.8-2.2) 0.2 (0.0-0.5)

7+ years 4.0 (2.8-5.1) 2.6 (1.6-3.5) 1.1 (0.6-1.7) 0.3 (0.0-0.5)

Urbanicity Rural 9.2 (7.7-10.7) 6.5 (5.4-7.6) 2.4 (1.5-3.3) 0.3 (0.1-0.5)
Urban 9.2 (7.0-11.4) 6.5 (4.6-8.3) 2.1(1.2-2.9) 0.7 (0.2-1.1)

Crude prevalence* 9.2 (7.9-10.4) 6.5 (5.5-7.5) 2.3(1.6-2.9) 0.4 (0.2-0.6)
Adjusted prevalence** 8.1(6.9-9.2) 5.7 (4.8-6.6) 2.0 (1.3-2.6) 0.4 (0.2-0.6)

*Sample weights applied; **Sample weights applied, and age, gender, education, and urbanicity adjusted based on the 2005 National Census;

n.a.=not applicable.

Table 3

Estimated prevalence rates* of mild cognitive impairment (MCI) and its subtypes

Overall

Subtypes

Amnestic multiple

Amnestic single  Nonamnestic multiple ~Nonamnestic single

AgeT 65-69 20.1 (15.3-25.0) 9.3 (6.1-12.4)
70-74 21.6 (16.3-27.0) 8.7 (5.6-11.7)
75-79 25.3(17.4-33.2) 7.6 (4.4-10.9)
80-84 28.9 (18.5-39.3)  13.8(5.7-21.9)
85+ 35.6 (23.1-48.2)  18.6(9.4-27.7)
Gender! Men 20.1 (15.6-24.6) 8.6 (6.4-10.8)
Women  25.9(21.7-30.1)  10.7 (8.0-13.4)
Education’ None 31.5(25.4-37.5) 14.9(10.7-19.1)
1-6 years  25.4 (19.4-31.3) 7.6 (4.8-10.3)
7+ years 149 (11.0-18.7) 7.8 (5.0-10.5)
Urbanicity Rural 20.5 (16.9-24.1) 7.9 (5.7-10.1)
Urban 30.5 (24.5-36.5)  14.2(10.5-17.9)
Crude prevalenceT 23.7 (20.6-26.8) 9.9 (8.1-11.8)

Adjusted prevalence?

24.1 (21.0-27.2)

10.4 (8.4-12.4)

7.1 (3.6-10.5) 1.0 (0.0-2.2) 2.8 (1.2-4.5)
10.5 (6.0-15.1) 0.6 (0.2-1.0) 1.9 (0.5-3.3)
11.7 (5.7-17.7) 0.6 (0.0-1.3) 5.3(0.0-10.7)

7.8 (2.4-13.2) na. 7.3 (0.7-13.9)
14.1 (2.9-25.2) 0.5 (0.0-1.5) 2.5(0.0-7.2)

7.1 (3.8-10.4) 0.6 (0.2-0.9) 3.7 (0.9-6.6)
11.2 (7.9-14.4) 0.7 (0.1-1.3) 3.4 (1.7-5.0)
13.2 (8.5-17.9) 0.5 (0.0-0.9) 2.9 (0.7-5.1)
11.5 (6.7-16.2) 1.1 (0.0-2.1) 5.3(1.8-8.7)

4.4 (2.3-6.6) 0.3 (0.1-0.6) 2.3 (0.6-4.0)

9.8 (6.9-12.7) 0.3 (0.1-0.6) 2.5(1.1-3.9)

9.4 (5.3-13.6) 1.3 (0.1-2.4) 5.6 (2.0-9.1)

9.7 (7.3-12.0) 0.6 (0.2-1.0) 3.5 (2.0-5.0)

9.7 (7.3-12.0) 0.7 (0.2-1.1) 3.3(2.0-4.7)

*#95% confidence intervals are presented in the parentheses;  Sample weights applied; fSample weights applied, and age, gender, education, and

urbanicity adjusted based on the 2005 National Census; n.a.=not applicable.
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highest for mild dementia (CDR =1; 3.12%), followed
by very mild dementia (CDR=0.5; 2.29%), moder-
ate dementia (CDR =2; 1.47%), and severe dementia
(CDR > 3; 1.07%).

The crude prevalence rates were estimated as 23.7%
(95% CI=20.6-26.8) for overall MCI, 9.7% (95%
CI=7.3-12.0) for aMClIs, 9.9% (95% CI=8.1-11.8)
for aMClIm, 3.5% (95% CI =2.0-5.0) for naMCIs, and
0.6% (95% CI=0.2-1.0) for naMCIm. The amnes-
tic subtype was more prevalent than the nonamnestic
subtype. Prevalence of amnestic MCI increased with
advancing age, whereas that of nonamnestic MCI did
not. The age-, gender-, education-, and urbanicity-
standardized prevalence of MCI was estimated to be
24.1% (95% CI=21.0-27.2) (Table 3).

In our univariate logistic models, older age, being
female, having fewer years of education, rural resi-
dence, lower income, illiteracy, smoking, and histories
of head trauma and depression were associated with
an increased dementia risk, and alcohol use and exer-
cise were associated with decreased dementia risk
(Table 4). Of these factors, the multivariate model

showed that older age, fewer years of education, illiter-
acy, smoking, and histories of head trauma, depression,
alcohol use, and exercise remained significant and the
gender effect reversed (i.e., women were at lower risk
of dementia) (Table 5). The univariate and multivariate
logistic regression models for AD and VD were similar
to those for dementia as a whole.

DISCUSSION

The Delphi consensus study reported that estimates
of dementia prevalence for the Asian nations were
lower than those for the United States and Europe
[1]. Latin America had the highest standardized preva-
lence (8.50%), and East Asia had the lowest (4.98%).
However, research (including the present study) has
consistently shown the overall prevalence of demen-
tia in Korea to be higher (6.4%—-10.8%) [5-9] than that
reported from Western countries [1, 21] as well as from
other Asian countries, including Japan (4.7-6.7%) [22,
23], China (1.8-6.1%) [24, 25], and India (2.4%) [26].
Variability in the prevalence estimates between coun-

Table 4

Factors associated with the risk of dementia in univariate logistic regression models

Variable Level Dementia Alzheimer’s disease Vascular dementia
Odds ratio 95% CI Odds ratio 95% CI Odds ratio 95% CI
Age (years) 65-69 1.00 - 1.00 1.00
70-74 1.49 (1.13-1.96) 1.67 (1.18-2.37) 1.37 (0.86-2.19)
75-79 3.75 (2.87-4.9) 3.98 (2.83-5.61) 3.57 (2.28-5.59)
80-84 7.00 (5.31-9.23) 9.03 (6.42-12.7) 4.10 (2.48-6.78)
>85 18.86 (14.05-25.31) 28.94 (20.42-41.02) 6.49 (3.64-11.56)
Gender Men 1.00 - 1.00 1.00
Women 1.39 (1.19-1.64) 1.62 (1.33-1.97) 0.95 (0.71-1.28)
Residence Urban 1.00 - 1.00 1.00
Rural 1.17 (1.00-1.38) 1.16 (0.96-1.41) 1.03 (0.74-1.41)
Economic status Not disadvantaged 1.00 - 1.00 1.00
Disadvantaged* 2.34 (1.88-2.92) 2.31 (1.79-2.98) 2.06 (1.32-3.23)
Education (years) >7 1.00 - 1.00 1.00
1-6 1.86 (1.45-2.38) 2.07 (1.53-2.8) 1.56 (0.98-2.5)
0 6.00 (4.79-17.51) 6.89 (5.25-9.03) 4.66 (3.08-7.07)
Illiteracy No 1.00 - 1.00 1.00
Yes 9.43 (7.83-11.36) 10.50 (8.53-12.91) 6.53 (4.59-9.28)
Smoking No 1.00 1.00 1.00
Yes 1.57 (1.27-1.93) 1.55 (1.21-1.97) 1.55 (1.02-2.35)
Alcohol (standard units/day) 0 1.00 1.00 1.00
<1 0.68 (0.53-0.87) 0.57 (0.42-0.77) 0.91 (0.59-1.43)
<2 0.25 (1.12-0.52) 0.34 (0.16-0.71) n.a. -
>3 0.60 (0.43-0.84) 0.63 (0.43-0.92) 0.51 (0.24-1.06)
Exercise (MET) Mild 1.00 1.00 1.00
Moderate 0.27 (0.21-0.32) 0.29 (0.23-0.36) 0.22 (0.14-0.32)
Severe 0.31 (0.19-0.51) 0.26 (0.14-0.49) 0.26 (0.10-0.72)
Head trauma’ No 1.00 - 1.00 1.00
Yes 2.01 (1.59-2.55) 1.66 (1.24-2.21) 2.89 (1.92-4.33)
Depression] No 1.00 - 1.00 1.00
Yes 4.11 (3.47-4.88) 4.15 (3.42-5.05) 3.86 (2.76-5.42)

CI = Confidence intervals; MET = Metabolic Equivalent of Task; n.a. = Not applicable; “Covered by National Medical Aid; fPresence of previous

head trauma with loss of consciousness longer than 10 minutes; Score on the short form of the Geriatric Depression Scale >8.
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Table 5
Factors associated with the risk of dementia in a multivariate logistic regression model

Variable Level Dementia Alzheimer’s disease Vascular dementia
Odds ratio 95% CI Odds ratio 95% CI Odds ratio 95% CI

Age (years) 65-69 1.00 - 1.00 - 1.00 -
70-74 1.39 (1.00-1.94) 1.54 (1.03-2.30) 1.21 (0.66-2.24)
75-79 2.86 (2.06-3.98) 2.95 (1.98-4.40) 3.06 (1.73-5.43)
80-84 4.79 (3.39-6.77) 6.07 (4.02-9.17) 3.68 (1.94-6.97)
>85 6.71 (4.51-9.97) 9.77 (6.21-15.38) 221 (0.98-4.97)

Gender Men 1.00 - 1.00 - 1.00 -
Women 0.42 (0.31-0.55) 0.45 (0.32-0.63) 0.30 (0.18-0.49)

Residence Urban 1.00 - 1.00 - 1.00 -
Rural 1.17 (0.93-1.47) 1.17 (0.90-1.53) 0.99 (0.64-1.53)

Economic status Not disadvantaged 1.00 - 1.00 - 1.00 -
Disadvantaged* 1.27 (0.94-1.70) 1.20 (0.85-1.68) 1.45 (0.85-2.48)

Education (years) >7 1.00 - 1.00 - 1.00 -
1-6 1.23 (0.90-1.68) 1.08 (0.74-1.56) 1.95 (1.07-3.54)
0 1.87 (1.32-2.63) 1.55 (1.03-2.32) 4.38 (2.29-8.38)

Tlliteracy No 1.00 - 1.00 - 1.00 -
Yes 4.68 (3.57-6.15) 5.68 (4.20-7.70) 2.15 (1.28-3.63)

Smoking No 1.00 - 1.00 - 1.00 -
Yes 1.91 (1.42-2.56) 2.05 (1.46-2.89) 1.83 (1.06-3.17)

Alcohol (standard units/day) 0 1.00 - 1.00 - 1.00 -
<1 0.69 (0.50-0.95) 0.60 (0.41-0.89) 0.68 (0.39-1.20)

<2 0.22 (0.10-0.46) 0.30 (0.14-0.66) n.a. -
>3 0.47 (0.31-0.72) 0.53 (0.33-0.87) 0.27 (0.11-0.65)

Exercise (MET) Mild 1.00 - 1.00 - 1.00 -
Moderate 0.49 (0.39-0.61) 0.50 (0.39-0.66) 0.40 (0.26-0.62)
Severe 0.99 (0.55-1.75) 0.88 (0.44-1.76) 0.35 (0.07-1.67)

Head traumaf No 1.00 - 1.00 - 1.00 -
Yes 2.26 (1.69-3.00) 1.88 (1.33-2.66) 2.68 (1.65-4.35)

Depression{ No 1.00 - 1.00 - 1.00 -
Yes 3.08 (2.50-3.81) 3.14 (2.464.01) 2.46 (1.67-3.62)

CI = Confidence intervals; MET = Metabolic Equivalent of Task; n.a. = Not applicable; *Covered by National Medical Aid; TPresence of previous
head trauma with loss of consciousness exceeding 10 minutes; tScore on the short form of the Geriatric Depression Scale >8.

tries may be attributable to methodological differences,
such as variations among study designs and diag-
nostic thresholds for dementia, or to true differences
in population characteristics, such as incidence of
dementia, mortality after the onset of dementia, and/or
the demographics of the examined society. Regard-
ing dementia, Korea has been transitioning rapidly
from a high incidence-high mortality-low recognition
to alow incidence-low mortality-high recognition soci-
ety. Furthermore, it may be in the high incidence-low
mortality-high recognition stage currently, which may
have contributed, at least in part, to the high-prevalence
dementia estimates in Korea [27, 28].

Although some early studies from South-East and
East Asian countries reported equal distributions of AD
and VD, more recent research, including the present
study, suggests AD has become the most prevalent
subtype of dementia due to the inhabitants’ increas-
ing longevity and better physical health; AD, the onset
of which is in general later than that of VD, increases as
the number of very old people increases, while better

physical health reduces the number of stroke suffer-
ers and thus the number with VD [28]. With Korea’s
rapid transition from an aging society to an aged soci-
ety [2], the number of dementia patients is expected
to double every 20 years until 2050 (0.47 million in
2010, 1.14 million in 2030, 2.13 million in 2050). Fur-
thermore, AD is expected to account for progressively
more dementia cases in the future, since the prevalence
of AD increased consistently with age until 85 years
or older, whereas that of VD peaks at age 75-79 years
old and then decreases thereafter.

To our knowledge, this is the first report that investi-
gated the prevalence of rare dementia (DLB, FTD and
ARD) simultaneously in community-dwelling Korean
elders. The prevalence of DLB has been found to
be very low in population-based studies [29-31]. For
example, the prevalence of DLB in an elderly Japanese
population was estimated to be 0.1% [31]. In our pre-
vious work that adapted the same diagnostic hierarchy
as we did in the current study, the prevalence of DLB
was estimated to be 0.4% which was about four times
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higher than that of DLB and PDD in the present study
(0.13%). This discrepancy seems to be attributed to the
difference in the study design; we adopted a single-
phase design in the previous work [4], whereas a
two-phase design in the present study. Compared with
the two-phase design, the single-phase design may be
more sensitive to the rare types of dementia in which
memory impairment is not as prominent as in AD since
it avoided the use of brief cognitive tests for screening
dementia. The prevalence of FTD in the current study
was somewhat lower than that in Japanese (0.11) [32]
or Spanish (0.30%) [30]. Although this discrepancy
may be attributed to either methodological differences
between the studies or true ethnic differences, differ-
ences in the diagnostic strategy may have played a
key role since we did not allow the diagnose of mixed
dementia and put AD in the higher diagnostic hierar-
chy than other types of dementia. For example, when
a subject met the criteria for possible AD and possible
FTD simultaneously, he/she were diagnosed as AD in
the present study.

Population-based studies estimate that the preva-
lence of MCI is more than double that of dementia
[33]. The present study found almost one-fourth of
Korean elders aged 65 years or older had MCI, which
was quite comparable to our previous work on an
urban population of elderly Koreans [9]. In more than
20 previous community-based epidemiological MCI
studies, prevalence rates varied widely [33, 34]. Addi-
tionally, another study found that this wide variance
was considerably attributed to the differences in the
diagnostic criteria and their operations between studies
[9]. The revision of the diagnostic criteria for MCI by
the International Working Group on MCI may increase
the prevalence estimates of MCI since this revision
expands the MCI construct, from a pre-AD condi-
tion to a pre-dementia condition, by introducing the
nonamnestic subtypes [20]. The numbers and types
of neuropsychological tests applied may have consid-
erable influence on overall prevalence estimates and
subtype distributions [9]. In the current study, amnestic
subtypes accounted for more than three-fourths of all
MCI patients and more than 90% of MCI patients aged
85 years or older. This corresponds well to findings
that AD accounted for most of our dementia patients
and its prevalence consistently increased with advanc-
ing age, since amnestic MCI appears most closely
linked with AD [35, 36]. In addition, 93.7% of multi-
ple domain subtype was amnestic, suggesting that MCI
patients in this age group eventually may encounter
memory impairment regardless of the underlying
causes.

There has been conflicting evidence regarding
gender differences in dementia risk. In a recent meta-
analysis, gender was independently associated with
dementia risk in all regions other than North Amer-
ica and Pacific Asia [28]. The present study found
women to be at higher risk for dementia in univari-
ate analysis but lower risk for dementia in multivariate
analysis, suggesting uncontrolled risk factors may have
confounded previous observations on gender-related
dementia risk. Gender differences in mental health
have been often attributed to gender-related differences
in social exposures [37]. Over the past few decades,
however, rapid social and economic changes, such as
expansions of formal education and women’s labor
force participation, have had profound implications for
Korean women [38], which possibly contributed to the
reversal of the gender effect on dementia risk in the
multivariate analysis.

[literacy rates are still high in Korean elders [2]. The
rate was 14.3% in the present study. [lliteracy was inde-
pendently associated with the risk of dementia after
adjusting for educational level, indicating that lack of
literacy may influence dementia risk beyond the influ-
ence of lack of formal education per se. Literacy was
strongly associated with cognitive function across all
cognitive domains, even in well-educated elders [39],
and may contribute to the development of a cognitive
reservoir. If this is the case, interventions to improve
lifetime literacy may help prevent dementia.

Reportedly, regular exercise also reduces the risk
of dementia and AD in the elderly, by as much as
40% [40]. However the protective effect of exercise
against dementia has not been consistently replicated
[41], which may possibly be attributable to differences
in intensity and/or type(s) of exercise(s) among stud-
ies. In particular, engaging in more diverse physical
activities was associated with areduced risk for demen-
tia in the Cardiovascular Health Study [42], and, in
the current study, the risk of dementia was lowest for
those engaging in a moderate amount of exercise. Light
to moderate amount of alcohol consumption was also
associated with low risk of dementia. In a recent meta-
analysis, relative risks of dementia for light to moderate
drinkers compared with nondrinkers were 0.74 (95%
CI=0.61-0.91), suggesting that alcohol drinkers in
late life have reduced risk of dementia. However it is
unclear whether this reflects selection effects in cohort
studies commencing in late life, a protective effect of
alcohol consumption throughout adulthood, or a spe-
cific benefit of alcohol in late life [43].

In consistent with previous studies [44, 45], a his-
tory of head trauma was also associated with dementia
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risk in the present study. Although this association
may be attributed to head trauma-induced upregula-
tion of amyloid-f3 protein precursor and neuronal loss
[46], it may be attributed to selective recall bias since
many prospective studies failed to find a significant
association between dementia and head trauma [47].

Depression was associated with the dementia risk
in the present study. A meta-analysis by Jorm sug-
gested that a history of depression nearly doubles the
risk of dementia, as found by both case-control stud-
ies (RR=2.01, 95% CI=1.16-3.50) and prospective
cohort studies (RR=1.87, 95% CI=1.09-3.20) [48].
However, it remains controversial whether a history of
depression leads to an increased risk of dementia or
not. Relationship between depression and dementia is
much more complex; depression may be a risk factor
for dementia or a symptom or prodrome of dementia.
In a recent co-twin control analysis, which controlled
for genetic and early environmental risk factors shared
by twins, twins with a history of depression were
three times more likely to have dementia compared
to their co-twin, suggesting that increased likelihood
of dementia associated with depression may not be
attributed to shared genes or shared early life influ-
ences. Furthermore, depression occurring more than
10 years before dementia onset was no longer associ-
ated with the risk of dementia in contrast to depression
occurring within 10 years before dementia onset. These
results suggested that late-life depression may not be
a risk factor but a prodrome of dementia [49].

This study has several strengths: a representative
sample of Korean elders aged 65 years or older; a good
participation rate; a sizeable sample over the age of
85; the inclusion of long-term care residents; a wide
variance in the participants’ educational attainments;
and simultaneous assessment of dementia and MCI, in
which each shares a diagnostic border with the other.
In addition, this study minimized diagnostic variability
between study sites since all research geropsychia-
trists were certified for CERAD-K assessment via
formal training programs provided by the CERAD-K
headquarter. This study also has some limitations:
the two-phase design, which may be less sensitive to
non-AD dementia than a single-phase design is; the
exclusion of mixed diagnoses, which may result in
overestimating prevalence of AD and underestimating
that of non-AD dementia; non-responders may have
poorer health status than responders, which may result
in underestimating prevalence of dementia; and the
failure to consider certain known dementia risk fac-
tors, such as the apolipoprotein E genotype, vascular
factors or behavioral symptoms.

ACKNOWLEDGMENTS

This study was supported by a research grant from
the Ministry of Health, Welfare and Family Affairs,
Korea (Grant No. 07-2008-0270).

Authors’ disclosures available online (http://www.j-
alz.com/disclosures/view.php?id=628).

REFERENCES

[11 Ferri CP, Prince M, Brayne C, Brodaty H, Fratiglioni L,
Ganguli M, Hall K, Hasegawa K, Hendrie H, Huang Y, Jorm
A, Mathers C, Menezes PR, Rimmer E, Scazufca M (2005)
Global prevalence of dementia: a Delphi consensus study.
Lancet 366, 2112-2117.

[2] KNSO (2005) Report on the Population and Housing Census,
Korea National Statistical Office, pp. 7-53.

[3] United Nations (2006) World Population Prospects.
http://www.un.org/esa/population/publications/wpp2006/wp
p2006.htm.

[4] Jhoo JH, Kim KW, Huh Y, Lee SB, Park JH, Lee JJ, Choi
EA, Han C, Choo IH, Youn JC, Lee DY, Woo JI (2008) Preva-
lence of dementia and its subtypes in an elderly urban korean
population: results from the Korean Longitudinal Study on
Health and Aging (KLoSHA). Dement Geriatr Cogn Disord
26, 270-276.

[5] Lee DY, Lee JH, Ju YS, Lee KU, Kim KW, Jhoo JH, Yoon
JC, Ha J, Woo JI (2002) The prevalence of dementia in older
people in an urban population of Korea: the Seoul study. J Am
Geriatr Soc 50, 1233-1239.

[6] Park J, Ko HJ, Park YN, Jung CH (1994) Dementia among
the elderly in a rural Korean community. Br J Psychiatry 164,
796-801.

[71 SuhGH,KimJK, ChoMJ (2003) Community study of demen-
tia in the older Korean rural population. Aust N Z J Psychiatry
37, 606-612.

[8] Woo JI, Lee JH, Yoo KY, Kim CY, Kim YI, Shin YS (1998)
Prevalence estimation of dementia in a rural area of Korea.
J Am Geriatr Soc 46, 983-987.

[9] Lee SB, Kim KW, Youn JC, Park JH, Lee JJ, Kim MH, Choi
EA, Jhoo JH, Choo IH, Lee DY, Woo JI (2009) Prevalence of
mild cognitive impairment and its subtypes are influenced by
the application of diagnostic criteria: results from the Korean
Longitudinal Study on Health and Aging (KLoSHA). Dement
Geriatr Cogn Disord 28, 23-29.

[10] Cochran WG (1977) Sampling Techniques, Wiley, New York.

[11] Lee JH, Lee KU, Lee DY, Kim KW, Jhoo JH, Kim JH, Lee
KH, Kim SY, Han SH, Woo JI (2002) Development of the
Korean version of the Consortium to Establish a Registry for
Alzheimer’s Disease Assessment Packet (CERAD-K): clini-
cal and neuropsychological assessment batteries. J Gerontol
B Psychol Sci Soc Sci 57, PA7-P53.

[12] Lee DY, Lee KU, Lee JH, Kim KW, Jhoo JH, Kim SY, Yoon
JC, Woo SI, Ha J, Woo JI (2004) A normative study of the
CERAD neuropsychological assessment battery in the Korean
elderly. J Int Neuropsychol Soc 10, 72-81.

[13] Bae JN, Cho MJ (2004) Development of the Korean version
of the Geriatric Depression Scale and its short form among
elderly psychiatric patients. J Psychosom Res 57, 297-305.

[14] American Psychiatric Association (1994) Diagnostic Criteria
from DSM-IV, The Association, Washington, D.C.


http://www.j-alz.com/disclosures/view.php?id=628
http://www.j-alz.com/disclosures/view.php?id=628
http://www.un.org/esa/population/publications/wpp2006/wpp2006.htm
http://www.un.org/esa/population/publications/wpp2006/wpp2006.htm

290

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

K.W. Kim et al. / Prevalence of Dementia and MCI in South Korea

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

Roman GC, Tatemichi TK, Erkinjuntti T, Cummings JL,
Masdeu JC, Garcia JH, Amaducci L, Orgogozo JM, Brun
A, Hofman A, et al. (1993) Vascular dementia: diagnostic
criteria for research studies. Report of the NINDS-AIREN
International Workshop. Neurology 43, 250-260.

McKeith IG, Galasko D, Kosaka K, Perry EK, Dickson DW,
Hansen LA, Salmon DP, Lowe J, Mirra SS, Byrne EJ, Lennox
G, Quinn NP, Edwardson JA, Ince PG, Bergeron C, Burns
A, Miller BL, Lovestone S, Collerton D, Jansen EN, Ballard
C, de Vos RA, Wilcock GK, Jellinger KA, Perry RH (1996)
Consensus guidelines for the clinical and pathologic diag-
nosis of dementia with Lewy bodies (DLB): report of the
consortium on DLB international workshop. Neurology 47,
1113-1124.

Neary D, Snowden JS, Gustafson L, Passant U, Stuss D, Black
S, Freedman M, Kertesz A, Robert PH, Albert M, Boone K,
Miller BL, Cummings J, Benson DF (1998) Frontotemporal
lobar degeneration: a consensus on clinical diagnostic criteria.
Neurology 51, 1546-1554.

Oslin D, Atkinson RM, Smith DM, Hendrie H (1998) Alco-
hol related dementia: proposed clinical criteria. Int J Geriatr
Psychiatry 13, 203-212.

Petersen RC (2004) Mild cognitive impairment as a diagnostic
entity. J Intern Med 256, 183-194.

Kalaria RN, Maestre GE, Arizaga R, Friedland RP, Galasko
D, Hall K, Luchsinger JA, Ogunniyi A, Perry EK, Potocnik
F, Prince M, Stewart R, Wimo A, Zhang ZX, Antuono P
(2008) Alzheimer’s disease and vascular dementia in devel-
oping countries: prevalence, management, and risk factors.
Lancet Neurol 7, 812-826.

Ogura C, Nakamoto H, Uema T, Yamamoto K, Yonemori
T, Yoshimura T (1995) Prevalence of senile dementia in
Okinawa, Japan. COSEPO Group. Study Group of Epi-
demiology for Psychiatry in Okinawa. Int J Epidemiol 24,
373-380.

Shibayama H, Kasahara Y, Kobayashi H (1986) Prevalence
of dementia in a Japanese elderly population. Acta Psychiatr
Scand 74, 144-151.

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

Chiu HF, Lam LC, Chi I, Leung T, Li SW, Law WT, Chung
DW, Fung HH, Kan PS, Lum CM, Ng J, Lau J (1998)
Prevalence of dementia in Chinese elderly in Hong Kong.
Neurology 50, 1002-1009.

Vas CJ, Pinto C, Panikker D, Noronha S, Deshpande N,
Kulkarni L, Sachdeva S (2001) Prevalence of demen-
tia in an urban Indian population. Int Psychogeriatr 13,
439-450.

Fratiglioni L, De Ronchi D, Aguero-Torres H (1999) World-
wide prevalence and incidence of dementia. Drugs Aging 15,
365-375.

ADI (2009) The Global Prevalence of Dementia, Martin P,
Jackson J, eds. Alzheimer’s Disease International, pp. 25-46.
Zaccai J, McCracken C, Brayne C (2005) A systematic review
of prevalence and incidence studies of dementia with Lewy
bodies. Age Ageing 34, 561-566.

Gascon-Bayarri J, Rene R, Del Barrio JL, De Pedro-Cuesta J,
Ramon JM, Manubens JM, Sanchez C, Hernandez M, Estela

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

J, Juncadella M, Rubio FR (2007) Prevalence of demen-
tia subtypes in El Prat de Llobregat, Catalonia, Spain: the
PRATICON study. Neuroepidemiology 28, 224-234.
Yamada T, Hattori H, Miura A, Tanabe M, Yamori Y (2001)
Prevalence of Alzheimer’s disease, vascular dementia and
dementia with Lewy bodies in a Japanese population. Psy-
chiatry Clin Neurosci 55, 21-25.

Ikejima C, Yasuno F, Mizukami K, Sasaki M, Tanimukai
S, Asada T (2009) Prevalence and causes of early-onset
dementia in Japan: a population-based study. Stroke 40,
2709-2714.

Panza F, D’Introno A, Colacicco AM, Capurso C, Del Parigi
A, Caselli RJ, Pilotto A, Argentieri G, Scapicchio PL, Scafato
E, Capurso A, Solfrizzi V (2005) Current epidemiology of
mild cognitive impairment and other predementia syndromes.
Am J Geriatr Psychiatry 13, 633-644.

Sasaki M, Kodama C, Hidaka S, Yamashita F, Kinoshita
T, Nemoto K, Ikejima C, Asada T (2009) Prevalence of
four subtypes of mild cognitive impairment and APOE in
a Japanese community. Int J Geriatr Psychiatry 24, 1119-
1126.

Fischer P, Jungwirth S, Zehetmayer S, Weissgram S,
Hoenigschnabl S, Gelpi E, Krampla W, Tragl KH (2007)
Conversion from subtypes of mild cognitive impairment to
Alzheimer dementia. Neurology 68, 288-291.

Petersen RC, Parisi JE, Dickson DW, Johnson KA, Knopman
DS, Boeve BF, Jicha GA, Ivnik RJ, Smith GE, Tangalos
EG, Braak H, Kokmen E (2006) Neuropathologic features
of amnestic mild cognitive impairment. Arch Neurol 63, 665-
672.

Jeon GS, Jang SN, Rhee SJ, Kawachi I, Cho SI (2007) Gen-
der differences in correlates of mental health among elderly
Koreans. J Gerontol B Psychol Sci Soc Sci 62, S323-S329.
Palley ML (1990) Women'’s status in South Korea: tradition
and change. Asian Survey 30, 1136-1153.

Barnes DE, Tager IB, Satariano WA, Yaffe K (2004) The
relationship between literacy and cognition in well-educated
elders. J Gerontol A Biol Sci Med Sci 59, 390-395.

Larson EB, Wang L, Bowen JD, McCormick WC, Teri L,
Crane P, Kukull W (2006) Exercise is associated with reduced
risk for incident dementia among persons 65 years of age and
older. Ann Intern Med 144, 73-81.

Broe GA, Creasey H, Jorm AF, Bennett HP, Casey B, Waite
LM, Grayson DA, Cullen J (1998) Health habits and risk of
cognitive impairment and dementia in old age: a prospec-
tive study on the effects of exercise, smoking and alcohol
consumption. Aust N Z J Public Health 22, 621-623.
Podewils LJ, Guallar E, Kuller LH, Fried LP, Lopez OL,
Carlson M, Lyketsos CG (2005) Physical activity, APOE
genotype, and dementia risk: findings from the Cardio-
vascular Health Cognition Study. Am J Epidemiol 161,
639-651.

Anstey KJ, Mack HA, Cherbuin N (2009) Alcohol consump-
tion as a risk factor for dementia and cognitive decline:
meta-analysis of prospective studies. Am J Geriatr Psychiatry
17, 542-555.

van Duijn CM, Stijnen T, Hofman A (1991) Risk factors for
Alzheimer’s disease: overview of the EURODEM collabo-
rative re-analysis of case-control studies. EURODEM Risk
Factors Research Group. Int J Epidemiol 20(Suppl. 2), S4-
S12.

Katzman R, Kang D, Thomas R (1998) Interaction of apolipo-
protein E epsilon 4 with other genetic and non-genetic risk
factors in late onset Alzheimer disease: problems facing the
investigator. Neurochem Res 23, 369-376.



[46]

[47]

[48]

K.W. Kim et al. / Prevalence of Dementia and MCI in South Korea 291

Williams DB, Annegers JF, Kokmen E, O’Brien PC, Kurland
LT (1991) Brain injury and neurologic sequelae: a cohort
study of dementia, parkinsonism, and amyotrophic lateral
sclerosis. Neurology 41, 1554-1557.

Youn JC, Lee DY, Kim KW, Woo JI (2005) Epidemiology of
dementia. Psychiatr Invest 2, 28-39.

Jorm AF (2001) History of depression as a risk factor for
dementia: an updated review. Aust N Z J Psychiatry 35, 776-
781.

[49]

Brommelhoff JA, Gatz M, Johansson B, McArdle JJ,
Fratiglioni L, Pedersen NL (2009) Depression as a risk
factor or prodromal feature for dementia? Findings in a
population-based sample of Swedish twins. Psychol Aging 24,
373-384.



