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Abstract

Background: The number of dementia patients is increasing worldwide,
especially in Japan, which has the world’s highest ageing population. The
increase in the number of older people with dementia is a medical and
socioeconomic problem that needs to be prevented, but the actual situation
is still not fully understood.
Methods: Four cross-sectional studies on dementia were conducted in
1997, 2004, 2012, and 2016 for complete enumeration of all residents aged
65 years and older. We examined the secular trends in the prevalence of all-
cause dementia, Alzheimer’s disease (AD), vascular dementia (VaD), and
other/unclassified dementia.
Results: The age-standardised prevalence of all-cause dementia signifi-
cantly increased (4.5% in 1997, 5.7% in 2004, 5.3% in 2012, 9.5% in 2016;
P for trend <0.05). Similar trends were observed for AD (1.7%, 3.0%, 2.5%
and 4.9%, respectively; P for trend <0.05) and other/unclassified dementia
(0.8%, 1.0%, 1.0% and 2.2%, respectively; P for trend <0.05), whereas no
significant change in VaD was seen (2.1%, 1.8%, 1.8%, 2.4%, respectively;
P for trend = 0.77). The crude prevalence of all-cause dementia and AD
increased from 1997 to 2016 among participants aged 75–79 years and
≥85 years (all P for trend <0.05). Similar trends were observed for other/
unclassified dementia among participants aged ≥80 years (all P for trend
<0.05), but not in VaD.
Conclusions: The prevalence of dementia has increased beyond the ageing
of the population, suggesting that factors in addition to ageing are involved
in the increase in the number of older people with dementia. To control the
increase in the number of older people with dementia, elucidation of secular
trends in the incidence, mortality, and prognosis of dementia as well as the
factors that promote and protect against dementia, and development of
preventive strategies are necessary.

INTRODUCTION
Dementia is among the main causes of disability and
decreased quality of life in older people. It is also the
most important determinant of healthcare service use.1

According to a report by Alzheimer’s Disease Interna-
tional, 50 million people were estimated to have demen-
tia in 2019 worldwide, and this number is predicted to

increase to 152 million by 2050.2 Of Japan’s total popu-
lation of 125.4 million, 36.2 million are aged 65 years
and older, accounting for 28.9% of the population;3

Japan has the highest ageing rate in the world.3,4 The
increase in the number of older people with dementia
has become a medical and socioeconomic problem,
and prevention of the disease is necessary to solve

doi:10.1111/psyg.12865 PSYCHOGERIATRICS 2022; 22: 631–641

© 2022 The Authors. Psychogeriatrics published by John Wiley & Sons Australia, Ltd on behalf of Japanese Psychogeriatric Society.
This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use
and distribution in any medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations
are made.

631

https://orcid.org/0000-0003-1402-8015
https://orcid.org/0000-0003-4409-3096
mailto:shimizu.1685@gmail.com
http://creativecommons.org/licenses/by-nc-nd/4.0/


the problem, but the actual situation is not fully under-
stood. In recent years, a growing number of epidemio-
logical studies have shown that the prevalence of
dementia is decreasing or stabilising in countries such
as the United States,5 the United Kingdom,6 and
Sweden.7 In contrast, several epidemiologic studies
have suggested that the prevalence of dementia is
increasing in Canada,8 France,9 and Japan.10–12 As
the elderly population in Japan is growing rapidly, the
prevalence and patterns of dementia need to be fur-
ther investigated. Considering the impact of dementia
on the socioeconomic status of the population, few
studies have investigated the epidemiology of demen-
tia in Japan.

For the purpose of revealing secular trends in the
prevalence of all-cause dementia in the Japanese
elderly population, we have performed community-
based complete enumeration of dementia subtypes13

over the last two decades from 1997 to 2016 in
Nakayama town, Ehime prefecture, Japan. Here we
report these results.

METHODS
Participants
Nakayama town is a rural community located about
27 km south of the centre of Matsuyama City,
Ehime prefecture, Shikoku Island, Japan. We chose
this town because of its population size (5038 peo-
ple; 1418 were aged 65 years and older in 1997),
population stability (only 3.1% of the population
aged 65 years and older moved out of the town,
including in institutions, in the 3 years prior to the
first survey), and active cooperation by family doc-
tors. A cross-sectional survey on dementia was
conducted four times in 1997, 2004, 2012, and
2016 among all residents aged 65 years and older
in Nakayama town. The Nakayama Study in 1997
was conducted from January 1997 to March 1998,
using a door-to-door survey protocol for all resi-
dents aged 65 years and older. Of 1418 inhabitants,
1220 (86.0%) completed the survey protocol.
Approximately 7 years later, the second study (the
Nakayama Study in 2004) was conducted on all res-
idents aged 65 years and older in the same town
from April 2004 to April 2006. The total population
of Nakayama town in 2004 was 4077. Of 1599
inhabitants aged 65 years and older in 2004, 1290
(80.7%) completed the same survey protocol.

Approximately 8 years later, the third study (the
Nakayama Study in 2012) was conducted on all res-
idents aged 65 years and older in the same town
from November 2012 to March 2014. The total pop-
ulation of Nakayama town in 2012 was 3451. Of
1493 inhabitants aged 65 years and older in 2012,
1129 (75.6%) completed the same survey protocol.
Approximately 4 years later, the fourth study (the
Nakayama Study in 2016) was conducted on all res-
idents aged 65 years and older in the same town
from September 2016 to February 2018. However,
the survey protocol in 2016 was different from the
previous one because the 2016 Nakayama Study
was conducted as one target region of the Japan
Prospective Studies Collaboration for Aging and
Dementia (JPSC-AD), which was designed as a
population-based prospective cohort study for
10 000 community-dwelling older people aged 65
years and older in eight regions of Japan. The total
population of Nakayama town in 2016 was 3180. Of
1512 inhabitants aged 65 years and older in 2016,
927 (61.3%) completed the survey protocol. In
Nakayama town, the total population decreased
from 5038 to 3180 and the aging rate increased
from 28.1% to 47.5% between 1997 and 2016. In
Japan, many rural towns are shrinking and ageing,
because young people are moving to urban areas
for schools and jobs, leaving mainly the elderly
behind. This issue is also described in several
papers and web articles.14–16 Thus, the population
trend in Nakayama town is common in rural towns
of Japan.

Survey protocol
The details of the survey protocol have been previ-
ously reported.13,17 The survey methods for each
year are shown in Table 1. The flow of the survey is
shown in Figure 1 for 1997, 2004, and 2012, and
Figure 2 for 2016. All surveys followed a three-
phase diagnostic approach, with the first stage
being a screening interview, the second stage a
clinical evaluation, and the third stage diagnostic
procedures.

First phase (screening interview)
The screening interview was conducted using ques-
tionnaires on medical history, education, activities of
daily living, smoking habits, alcohol consumption,
medications, diet, and sleep. The screening test for
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dementia was the Mini-Mental State Examination
(MMSE).18 In addition, the Short-Memory Question-
naire (SMQ)19 and Karasawa’s Clinical Criteria of
Senility (Karasawa’s scale)20 were administered to
caregivers in the 1997, 2004, and 2012 surveys. On
the other hand, in the 2016 survey, participants
underwent brain magnetic resonance imaging (MRI)
scans using a mobile MRI machine and blood tests
including thyroid function. Regarding the criteria for
conducting the second phase of the survey, in the
1997, 2004, and 2012 surveys, those who met one or
more of the following criteria were included: (i) MMSE
≤23 points; (ii) SMQ ≤39 points; (iii) Karasawa’s scale
≥ +1; and (iv) in the three-word recall (in the MMSE),
unable to recall all three. In addition, the 2016 survey
included those who met one or more of the following
criteria and who participated in the second phase of
the survey: (i) MMSE ≤26 points; (ii) three-word recall
(in the MMSE) score of 4 or less out of 6 points (i.e., 2
points for a correct answer without a clue, 1 point for
a correct answer with a clue, and 0 points for an incor-
rect answer); (iii) failed to copy a double pentagon
and/or cube (in the MMSE);21 and (iv) suspected pres-
ence of cognitive dysfunction based on speaking to
the person and his/her behaviours.

Second phase (clinical evaluation)
We interviewed caregivers to obtain a detailed medical
history of the participants and performed neurological
and neuropsychological examinations on the partici-
pants. In the 1997, 2004, and 2012 surveys, the Neu-
ropsychiatric Inventory22 and Clinical Dementia Rating
scale23 were used as neuropsychological tests to
assess behavioural and psychological symptoms of

dementia and severity of dementia, respectively. The
2016 survey used the delayed recall of the Logical
Memory IIA subscale of the Wechsler Memory Scale-
Revised (LM-WMS),24 the Noise Pareidolia Test,25 and
the Trail Making Test26 as neuropsychological tests to
assess memory, visual cognition, and executive func-
tion. Based on these results, we conducted a compre-
hensive clinical evaluation and selected the subjects
who needed to advance to the third phase.

Third phase (diagnostic procedures)
In the 1997, 2004, and 2012 surveys, participants
underwent brain computed tomography (CT) and
blood tests including serum vitamin B12 and thyroid
function. The diagnosis of dementia was made by
several dementia specialists and clinical psycholo-
gists using the Diagnostic and Statistical Manual of
Mental Disorders, third edition, revised version.27 In
addition, participants diagnosed with dementia were
subjected to subtype diagnosis according to the fol-
lowing diagnostic criteria. Alzheimer’s disease
(AD) was diagnosed according to the National Insti-
tute of Neurological and Communicative Disorders and
Stroke-Alzheimer’s Disease and Related Disorders Asso-
ciation criteria.28 Vascular dementia (VaD) was diag-
nosed according to the Diagnostic and Statistical
Manual of Mental Disorders, fourth edition29 in the 1997,
2004, and 2012 surveys and the National Institute of
Neurological Disorders and Stroke-Association Inter-
nationale pour la Recherche et l’Enseignement en Neu-
rosciences criteria30 in the 2016 survey. Frontotemporal
lobar degeneration was diagnosed according to the con-
sensus clinical diagnostic criteria.31 Dementia with Lewy
bodies (DLB) was diagnosed according to the

Table 1 Demographic characteristics of participants and diagnostic procedures of dementia in each survey

Year of survey

1997 (N = 1220) 2004 (N = 1290) 2012 (N = 1129) 2016 (N = 927)

Age, years 74.1� 6.9 75.8� 7.0 78.0� 7.1 77.1� 7.8
Women, % 58.2 60.2 60.8 58.4
Participation rate, % 86.0 (1418) 80.7 (1599) 75.6 (1493) 61.3 (1512)
Neuropsychological test MMSE MMSE MMSE MMSE LM-WMS Noise Pareidolia Test TMT
Diagnosis of dementia DSM-III-R DSM-III-R DSM-III-R DSM-III-R
Diagnosis of AD NINCDS-ADRDA NINCDS-ADRDA NINCDS-ADRDA NINCDS-ADRDA
Diagnosis of VaD DSM-IV DSM-IV DSM-IV NINDS-AIREN

MMSE, Mini-Mental State Examination; LM-WMS, the delayed recall of the Logical Memory IIA subscale of the Wechsler Memory Scale-Revised; TMT, trail-
making test; DSM-III-R, Diagnostic and Statistical Manual of Mental Disorders, third edition, revised version; NINCDS-ADRDA, National Institute of Neurological
and Communicative Disorders and Stroke-Alzheimer’s Disease and Related Disorders Association; DSM-IV, Diagnostic and Statistical Manual of Mental Disor-
ders, fourth edition; NINDS-AIREN, National Institute of Neurological Disorders and Stroke-Association Internationale pour la Recherche et l’Enseignement en
Neurosciences; AD, Alzheimer’s disease; VaD, vascular dementia.
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Figure 1 General design of the three phases of the survey protocol in 1997, 2004, and 2012. (a) the Nakayama Study in 1997, (b) the Nakayama
Study in 2004, (c) the Nakayama Study in 2012. The number of participants involved in each step is shown in parentheses. MMSE, Mini-Mental
State Examination; SMQ, Short-Memory Questionnaire; CT, computed tomography; MCI, mild cognitive impairment; AD, Alzheimer’s disease; VaD,
vascular dementia. *1 (died, n = 25), (institutionalised, n = 45), (refused, n = 30), (others, n = 98). †1 (died, n = 9), (institutionalised, n = 5), (refused,
n = 14), (others, n = 31). ‡1 (died, n = 3), (institutionalised, n = 4), (refused, n = 6), (others, n = 10). *2 (died, n = 45), (institutionalised, n = 33),
(refused, n = 186), (others, n = 45). †2 (died, n = 23), (institutionalised, n = 8), (refused, n = 77), (others, n = 12). ‡2 (died, n = 3), (institutionalised,
n = 0), (refused, n = 85), (others, n = 1). *3 (died, n = 28), (institutionalised, n = 31), (refused, n = 175), (others, n = 130). †3 (died, n = 9),
(institutionalised, n = 11), (refused, n = 42), (others, n = 30). ‡3 (died, n = 4), (institutionalised, n = 4), (refused, n = 10), (others, n = 53).
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Figure 2 General design of the three phases of the survey protocol in 2016. The number of participants involved in each step is shown in
parentheses. MMSE, Mini-Mental State Examination; MRI, magnetic resonance imaging; LM-WMS, the delayed recall of the Logical Memory
IIA subscale of the Wechsler Memory Scale-Revised; TMT, Trail Making Test; MCI, mild cognitive impairment; AD, Alzheimer’s disease;
VaD, vascular dementia. *(died, n = 88), (institutionalised, n = 50), (refused, n = 100), (others, n = 347).
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consensus guidelines for the clinical and pathological
diagnosis of DLB32 in the 1997, 2004, and 2012 surveys
and according to the Fourth Consensus Report of the

DLB Consortium33 in the 2016 survey. Diagnosis of mild
cognitive impairment was made according to Petersen’s
criteria.34 Normal-pressure hydrocephalus and chronic

Table 2 Final diagnosis of dementia from 1997 to 2016

Diagnosis

Year of survey

1997 2004 2012 2016

AD (including AD with CVD or VaD) 22 50 54 83
VaD 28 27 31 31
DLB 1 2 1 3
Frontotemporal lobar degeneration 2 0 0 0
Progressive supranuclear palsy 0 2 0 0
Dementia resulting from normal-pressure hydrocephalus 3 3 3 2
Dementia resulting from subdural hematoma/hydrocele 2 1 3 0
Dementia resulting from head trauma 1 1 1 2
Dementia resulting from head tumour 0 0 1 1
Dementia with unknown causes 1 6 10 29
Total 60 92 104 151

AD, Alzheimer’s disease; CVD, cerebrovascular disease; VaD, vascular dementia; DLB, dementia with Lewy bodies.

Table 3 Secular trends in the prevalence of all-cause dementia from 1997 to 2016

Year of survey

1997 (N = 1220) 2004 (N = 1290) 2012 (N = 1129) 2016 (N = 927) P for trend

Gender (women:men) 710:510 777:513 686:443 541:386
All-cause dementia
No. of cases 60 92 104 151
Crude prevalence, % 4.9 (3.9–5.9) 7.1 (6.1–8.2) 9.2 (8.3–10.2) 16.3 (14.7–17.8) <0.05
Age-standardised prevalence, % 4.5 (3.5–5.6) 5.7 (4.7–6.8) 5.3 (4.3–6.2) 9.5 (8.0–11.1) <0.05

Women
No. of cases 38 55 66 104
Crude prevalence, % 5.4 (4.0–6.7) 7.1 (5.7–8.4) 9.6 (8.4–10.8) 19.2 (17.1–21.4) <0.05
Age-standardised prevalence, % 4.7 (3.4–6.1) 5.4 (4.1–6.8) 4.9 (3.7–6.1) 10.3 (8.2–12.5) <0.05

Men
No. of cases 22 37 38 47
Crude prevalence, % 4.3 (2.6–6.0) 7.2 (5.4–9.0) 8.6 (6.7–10.5) 12.2 (10.1–14.3) <0.05
Age-standardised prevalence, % 4.5 (2.7–6.2) 6.2 (4.4–8.0) 5.9 (4.0–7.8) 7.8 (5.7–9.9) <0.05

Table 4 Secular trends in the prevalence of dementia subtypes from 1997 to 2016

Year of survey

1997 (N = 1220) 2004 (N = 1290) 2012 (N = 1129) 2016 (N = 927) P for trend

Alzheimer’s disease
No. of cases 22 50 54 83
Crude prevalence, % 1.8 (1.4–2.3) 3.9 (3.2–4.5) 4.8 (4.2–5.4) 9.0 (7.9–10.0) <0.05
Age-standardised prevalence, % 1.7 (1.2–2.1) 3.0 (2.4–3.6) 2.5 (1.9–3.1) 4.9 (3.9–5.9) <0.05

Vascular dementia
No. of cases 28 27 31 31
Crude prevalence, % 2.3 (1.8–2.8) 2.1 (1.7–2.5) 2.8 (2.5–3.0) 3.3 (2.7–4.0) 0.10
Age-standardised prevalence, % 2.1 (1.6–2.6) 1.8 (1.4–2.2) 1.8 (1.5–2.1) 2.4 (1.8–3.1) 0.77

Other/unclassified dementia
No. of cases 10 15 19 37
Crude prevalence, % 0.8 (0.5–1.1) 1.2 (0.9–1.5) 1.7 (1.5–1.8) 4.0 (3.5–4.5) <0.05
Age-standardised prevalence, % 0.8 (0.5–1.1) 1.0 (0.7–1.2) 1.0 (0.8–1.1) 2.2 (1.7–2.8) <0.05
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subdural hematoma/hydrocele were detected by
brain CT.

Statistical analysis
The age-standardised prevalence of dementia was
estimated by the direct method using the World
Health Organization World Standard Population
(2000–2025) with 5-year age groups. Trends in the
crude and age-standardised prevalence of dementia
were estimated by using the logistic regression
model. Differences in the crude prevalence were esti-
mated by using the logistic regression model with
1997 as the reference year. All analyses were per-
formed with the Statistical Package for the Social
Sciences (SPSS ver. 26: SPSS Inc., Chicago, IL,
USA). Two-sided P < 0.05 was considered statisti-
cally significant in all analyses.

Ethics consideration
This study was approved by the institutional ethics
committee of Ehime University Hospital. We obtained
informed consent from the participants or their rela-
tives. This study was also conducted in accordance
with the provisions of the Declaration of Helsinki and

Japan’s Ethical Guidelines for Medical and Health
Research Involving Human Subjects.

RESULTS
Demographic characteristics of the participants in
the surveys conducted in 1997, 2004, 2012, and 2016
are shown in Table 1. The mean age slightly increased
from 74.1 years in 1997 to 78.0 years in 2012, but
slightly decreased to 77.1 years in 2016. Women
accounted for approximately 60% of total participants
over the four surveys. Final diagnoses of dementia
from 1997 to 2016 are shown in Table 2. The number
of cases of AD with cerebrovascular disease (CVD)
was one in 1997, 24 in 2004, 17 in 2012, and 24 in
2016. Similarly, the number of cases of AD with VaD
was none, three, 12, and 19, respectively. The core
conditions in cases of AD with CVD or VaD were AD,
and all of them were included in the AD group. The
number of AD cases increased, but the number of
VaD cases remained almost constant. Other/unclassi-
fied dementia included DLB, frontotemporal lobar
degeneration, progressive supranuclear palsy, normal-
pressure hydrocephalus, subdural hematoma/

Figure 3 Secular trends in the crude prevalence of all-cause dementia and its subtypes by 5-year age groups.

Trends in the prevalence of dementia

© 2022 The Authors. Psychogeriatrics published by John Wiley & Sons Australia, Ltd on behalf of Japanese Psychogeriatric Society. 637



hydrocele, head trauma, head tumour, and dementia
with unknown causes. Table 3 shows the secular
trends in the prevalence of all-cause dementia from
1997 to 2016. The age-standardised prevalence of all-
cause dementia significantly increased from 4.5% in
1997 to 9.5% in 2016 (P for trend <0.05). This trend
was observed in the age-standardised prevalence of
all-cause dementia for both genders (P for trend
<0.05). Table 4 shows the secular trends in the preva-
lence of dementia subtypes from 1997 to 2016. Simi-
lar trends were observed for AD and other/unclassified
dementia (P for trend <0.05), but such trends were not
seen for VaD (P for trend = 0.77). The age-
standardised prevalence of AD showed an increasing
trend from 1.7% to 3.0% between 1997 and 2004, but
then showed a decreasing trend to 2.5% in 2012, and
started to increase again to 4.9% in 2016 (P for trend
<0.05). Figure 3 shows the secular trends in the crude
prevalence of all-cause dementia and its subtypes by
5-year age groups. The crude prevalence of all-cause
dementia and AD increased from 1997 to 2016 among
participants aged 75–79 years and ≥85 years (all P for
trend <0.05). Similar trends were observed for other/
unclassified dementia among participants aged ≥80
years (all P for trend <0.05), whereas no clear secular
change was seen in the crude prevalence of VaD in
any age group.

DISCUSSION
The current analysis of repeated cross-sectional stud-
ies of the Japanese elderly population revealed a sig-
nificant increase in the prevalence of all-cause
dementia from 1997 to 2016. Similar trends were seen
in AD and other/unclassified dementia, but not in VaD.
In all four surveys, the proportion of women was con-
sistently high in the number of dementia cases. In
Japan, the incidence of AD in women is reported to be
more than twice that of in men,35 and the difference in
the incidence of AD by gender may have a small influ-
ence on the proportion of dementia cases.

Epidemiological studies investigating the preva-
lence of dementia over time have been conducted
around the world, with mixed results. In three coun-
tries, the prevalence of dementia has decreased or
stabilised,5–7 whereas the prevalence of dementia
has been reported to be increasing in three countries
including Japan.8–12 In this study, the prevalence of
all-cause dementia was increasing, which was

consistent with previous reports from Japan.10–12

These discrepancies in dementia prevalence trends
can be attributed to differences in survey methods,
changes in population health due to economic transi-
tion, improved risk factor management, differences in
survival rates, increased awareness of public health
and dementia, and higher levels of education.36 In
Japan, increases in the prevalence of dementia have
been postulated to be linked to increases in the preva-
lence of metabolic risk factors, reduced mortality, and
therapeutic advances in managing ageing-related dis-
eases.36 In this study, the age-standardised prevalence
of all-cause dementia increased significantly, indicating
that factors other than the ageing of the population are
responsible for the increase in prevalence. We will
examine trends in the incidence and survival of
dementia and study the causes of the increasing prev-
alence of dementia in the future.

The prevalence of AD increased from 1997 to
2004, decreased in 2012, and then began to increase
again in 2016, with a significant increase in the trend.
The trend in the prevalence of AD in this study was
consistent with the results of the Hisayama study.12

The cause of the significant increase in the preva-
lence of AD was not clear, but several factors may be
considered. The increase in the prevalence of
dementia, especially AD, in Japan can be attributed
to the rapid ageing of the population as well as the
increasing incidence and survival of dementia.12 The
increase in the prevalence of AD in this study is
increasing beyond the ageing of the population,
which may contribute to its increased incidence and
survival. In several studies conducted in Japanese-
Americans in the early 1990s, the ratio of the preva-
lence of AD to that of VaD was higher than that
reported in Japanese living in Japan and similar to
that reported in Caucasian populations.37,38 These
results suggest that environmental factors may play a
crucial role in the development of AD. The rising
prevalence of AD may be related to the lifestyle or
nutrition transition from a traditional Japanese style
to a Western style.39 Another factor may be the
impact of changes in survey methodology. Although
the area in which this study was conducted has
remained the same since its inception in 1997, the
survey methodology was partially different between,
on the one hand, the three surveys conducted in
1997, 2004, and 2012, and on the other of the survey
conducted in 2016. In the 2016 survey, LM-WMS
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was added as a neuropsychological test, which
detected episodic memory impairment more acutely
than in previous surveys and may have contributed
to the increased prevalence of AD.

The crude prevalence of VaD showed an increasing
trend, but this trend disappeared after age adjustment,
except in 2016 when the survey methodology was dif-
ferent. This result suggests that the increasing trend in
the crude prevalence of VaD was due to the ageing of
the population. The trend in the prevalence of VaD in
this study was also similar to the results of the
Hisayama study.12 Although the Nakayama Study is a
non-interventional study, the whole town is working on
early detection of dementia with the full cooperation of
general practitioners. After the survey, we continued to
visit the elderly in the town twice a month and immedi-
ately referred residents diagnosed with VaD or CVD to
general practitioners for thorough follow-up, including
active control of cardiovascular risk factors such as
hypertension, diabetes, and hyperlipidemia.40 There-
fore, the efforts of the whole town approach to demen-
tia may have contributed to the absence of a
significant increase in the prevalence of VaD.

All participants diagnosed with DLB in this study
had probable DLB, but its percentage of the total
dementia cases was lower than that reported to
account for 15%–20% of all dementia at autopsy.41

The reason for this may be that DLB has more severe
behavioural and psychological symptoms of demen-
tia42 and is more rapidly progressing than AD,43

which may have forced residents with DLB to be
admitted to nursing homes or to hospitals, and thus
they could not participate in this study.

With the increase in dementia with unknown cau-
ses, the prevalence trend in other/unclassified
dementia significantly increased. Dementia with
unknown causes refers to cases in which activities of
daily living are impaired due to cognitive impairment,
but the patient shows no clinical symptoms or brain
imaging findings that meet the clinical diagnostic
criteria for a specific subtype of dementia. The fre-
quency of tauopathies such as argyrophilic grain
dementia (AGD) and senile dementia with neurofibril-
lary tangles (SD-NFT) increases with age.44,45 The
mean age of the population in this study also
increased, and the increase in other/unclassified
dementia may be attributed to the development of
AGD and SD-NFT. These tauopathies are frequently
diagnosed as AD and might contribute to increased

prevalence of AD, partially. In participants with
dementia with unknown causes, we will observe the
clinical course and confirm the diagnosis.

Strengths and limitations
The strengths of this study include the fact that it is a
community-based complete enumeration study, the
long observation period of about 20 years, the com-
plete follow-up of all participants, and the high fre-
quency of neuroimaging for diagnosing dementia.
However, four limitations should also be considered.
First, the survey participation rates decreased to
86.0%, 80.7%, 75.6%, and 61.3% in 1997, 2004,
2012, and 2016, respectively. Both surveys in 1997
and 2004 were conducted before and immediately
after the start of the public long-term care insurance
system in Japan, and also serve as surveys of the
actual conditions of the system. Hence, we repeatedly
encouraged residents to participate in the survey or
visited them in their homes, which may have resulted
in a participation rate of over 80% in both surveys. By
age group, the decline in participation rates was partic-
ularly obvious in both the 65–69 years and ≥85 years
age groups, falling below 60% in 2016. More people in
the 65–69 years group refused to participate because
they had no health problems, whereas more people in
the ≥85 years were unable to participate because they
were placed in nursing homes. In addition, the change
in brain imaging from CT to MRI in 2016 may have
increased participant burden and led to lower partici-
pation rates. Second, a participation rate of at least
70% of the target population is required to practically
eliminate the threat of selection bias by non-
participants in a population-based study.46,47 The par-
ticipation rate in 1997, 2004, and 2012 was above
70%, whereas the participation rate in 2016 was
61.3%, suggesting that selection bias may have
affected the prevalence of dementia in 2016. Third, no
pathological confirmation of the diagnosis of dementia
was performed. However, all participants diagnosed
with dementia in the 1997 survey showed progressive
deterioration in the subsequent follow-up survey.13

Fourth, we have no information on the factors that
influenced trends in the dementia prevalence.

CONCLUSIONS
In conclusion, the prevalence of dementia in this
study has increased beyond the ageing of the
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population, suggesting that factors in addition to
ageing are involved in the background of the increase
in the number of older people with dementia. To con-
trol the increase in the number of older people with
dementia, elucidation of the secular trends in the inci-
dence, mortality, and prognosis of dementia and the
factors that promote and protect against dementia,
and development of preventive strategies, are
necessary.
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