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Abstract
Objective
To estimate the lifetime cumulative incidence of dementia and its subtypes from a community-
dwelling elderly population in Japan.

Methods
A total of 1,193 community-dwelling Japanese individuals without dementia, aged 60 years or
older, were followed up prospectively for 17 years. The cumulative incidence of dementia was
estimated based on a death- and dementia-free survival function and the hazard functions of
dementia at each year, which were computed by using a Weibull proportional hazards model.
The lifetime risk of dementia was defined as the cumulative incidence of dementia at the point
in time when the survival probability of the population was estimated to be less than 0.5%.

Results
During the follow-up, 350 participants experienced some type of dementia; among them, 191
participants developed Alzheimer disease (AD) and 117 developed vascular dementia (VaD).
The lifetime risk of dementia was 55% (95% confidence interval, 49%–60%). Women had an
approximately 1.5 times greater lifetime risk of dementia than men (65% [57%–72%] vs 41%
[33%–49%]). The lifetime risks of developing AD and VaD were 42% (35%–50%) and 16%
(12%–21%) in women vs 20% (7%–34%) and 18% (13%–23%) in men, respectively.

Conclusion
Lifetime risk of all dementia for Japanese elderly was substantial at approximately 50% or
higher. This study suggests that the lifetime burden attributable to dementia in contemporary
Japanese communities is immense.
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Dementia is a syndrome that affects memory, thinking, be-
havior, and the ability to perform everyday activities.
According to the 2015 World Alzheimer Report, the number
of people with dementia worldwide was estimated at 46.8
million in 2015, and was expected to double to 74.7 million by
2030 and more than triple to 131.5 million by 2050.1 The
global costs of dementia are enormous and inequitably dis-
tributed; the costs were estimated at $818 billion USD in
2015, and were expected to rise to $1 trillion USD by 2018,
and to $2 USD trillion by 2030.1,2 Dementia is widely ac-
knowledged as a public health and social care priority
worldwide.

Generally, epidemiologic studies have shown the incidence
rate of dementia, which provides an estimate of dementia risk
over a short period. On the other hand, the lifetime risk of
dementia is defined as the cumulative probability of mani-
festing dementia over the rest of one’s life, taking into account
the competing risk of mortality. Estimating the lifetime risk of
dementia in community-dwelling elderly populations would
be helpful in order to evaluate the policy impact and the cost
of health services. Whereas several prospective studies have
reported the lifetime risk of dementia or Alzheimer disease in
Western countries,3–11 no prospective study has investigated
the lifetime risk of dementia in Asian populations. The pur-
pose of this study was to clarify the lifetime probability of the
development of dementia in a general Japanese population.

Methods
Study population
A population-based prospective study of cerebro-
cardiovascular diseases was established in 1961 in the town
of Hisayama, a suburb of the Fukuoka metropolitan area on
Japan’s Kyushu Island. Surveys of the neurologic conditions
and health status of residents aged 40 years or older have been
repeated since 1961.12,13 In addition, comprehensive surveys
of cognitive function, including neuropsychological tests, have
been carried out on the elderly every 6 or 7 years since 1985.14

In 1988, a total of 1,228 residents aged 60 years or older
(89.9% of the total population in this age group) participated
in a health checkup. After excluding 31 participants with de-
mentia at baseline and 4 participants who died before starting
the follow-up, the remaining 1,193 (696 women and 497
men) were enrolled in this study. Written informed consent
was obtained from the participants. This study was conducted
with the approval of the ethics committee of the Kyushu
University Faculty of Medicine.

Follow-up survey
The participants were followed up for 17 years prospectively,
from December 1988 to November 2005. Details about the
follow-up survey on dementia have been described in our
previous reports.15,16 Follow-up screening surveys of cogni-
tive function, including neuropsychological tests, the Hase-
gawa Dementia Scale (HDS),17 the Hasegawa Dementia
Scale–Revised (HDS-R),18 or the Mini-Mental State Exami-
nation (MMSE),19 were conducted in 1992, 1998, and 2005.
All the participation rates of these surveys were over 90%.
Letters or telephone calls were used to collect the health
information of participants who did not undergo examina-
tions or who had moved away from the town.20 We also
established a system of daily monitoring that was conducted
by the study team, members of the town’s Health andWelfare
Office, or local physicians to collect information about new
events, including stroke, cognitive impairment, and dementia.
When a participant was suspected of having new neurologic
symptoms, including cognitive impairment, he or she was
evaluated carefully by stroke physicians and psychiatrists of
the study team. We conducted a comprehensive investigation
that included interviews of his or her family or attending
physician, physical and neurologic examinations including
assessment of functional capacity (activities of daily living and
instrumental activities of daily living), and a review of the
clinical records. Furthermore, when a participant died, we
checked all the available clinical information, interviewed the
attending physician and family of the deceased, and tried to
obtain permission for an autopsy from the family. During the
follow-up period, 615 participants (53.2% of the participants
enrolled in the study) died, and autopsies were performed in
464 (75.5%) participants. The mean age at death in autopsied
cases was 83.5 years (SD 7.9).

Diagnosis of dementia
Because several factors (e.g., low education or hearing loss)
can cause overdiagnosis of cognitive impairment by the
neuropsychological tests,21 we performed 2-step procedures
for the diagnosis of dementia.14 First, trained physicians or
nurses performed the neuropsychological tests. When the test
scores were below the cutoff points of 22/32.5 for the HDS17

or 21/30 for the HDS-R18 and MMSE,19 or when new neu-
rologic symptoms including cognitive impairment were sus-
pected, the participant was evaluated carefully by the
neurologists and psychiatrists, who conducted comprehensive
investigations such as interviews of the family or physical and
neurologic examinations including assessment of functional
capacity (activities of daily living and instrumental activities of

Glossary
AD = Alzheimer disease; CI = confidence interval;DLB = dementia with Lewy bodies;DSM-III-R = Diagnostic and Statistical
Manual of Mental Disorders, 3rd edition, revised; HbA1c = hemoglobin A1c; HDS = Hasegawa Dementia Scale; HDS-R =
Hasegawa Dementia Scale–Revised; MMSE = Mini-Mental State Examination; SD-NFT = senile dementia of the
neurofibrillary tangle type; VaD = vascular dementia.
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daily living). In addition, study physicians including neurol-
ogists and psychiatrists visited medical institutions to review
any available clinical records for each suspected dementia
case. Diagnoses of dementia and its subtypes were based on
the guidelines of the DSM-III-R,22 the criteria of the National
Institute of Neurologic and Communicative Disorders and
Stroke and the Alzheimer’s Disease and Related Disorders
Association,23 and the criteria of the National Institute of
Neurologic Disorders and Stroke–Association Internationale
pour la Recherche et l’Enseignement en Neurosciences.24

Every dementia case was diagnosed by 2 or more expert
neurologists and psychiatrists. Possible or probable dementia
subtypes were adjudicated with clinical information including
neuroimaging. Definite dementia subtypes were also de-
termined on the basis of clinical and neuropathologic in-
formation in deceased participants with dementia who
underwent autopsy. The diagnostic procedure for autopsy
cases has been reported elsewhere.25 A neuropathologic di-
agnosis of Alzheimer disease (AD) was made following the
National Institute on Aging–Reagan Institute criteria,26 where
the frequencies of senile plaques and neurofibrillary tangles
were evaluated using the criteria of the Consortium to Establish
a Registry for Alzheimer’s Disease27 and the Braak stage.28

Definite vascular dementia (VaD) cases were confirmed with
a causative stroke or cerebrovascular change. Dementia with
Lewy bodies (DLB) was diagnosed based on the revised con-
sensus guidelines described in the third report of the DLB
Consortium.29 According to the DLB Consortium guidelines,
dementia cases meeting the “high likelihood” criterion of DLB
pathology are defined as definite DLB. Senile dementia of the
neurofibrillary tangle type (SD-NFT; tangle only dementia)
was diagnosed neuropathologically using the Yamada guide-
line,30 and a diagnosis of argyrophilic grain disease was di-
agnosed based on staging of argyrophilic grains.31

During the 17-year follow-up period, 350 participants de-
veloped dementia. Of these, 317 participants in all (90.6%)
underwent some kind of morphologic examination: 300
(85.7%) underwent evaluation with neuroimaging and 184
(52.6%) received a general autopsy examination; in 167 cases,
both were performed. Thus, 184 dementia cases were classi-
fied as definite subtypes, and 166 dementia cases as probable/
possible subtypes. Among dementia cases, 29 AD cases and 24
VaD cases had other coexisting subtypes of dementia, and 18
of these cases were a mixed type of AD and VaD. These cases
were counted as events in the analysis for each subtype.

Risk factors
At the baseline examination, each participant completed
a self-administered questionnaire covering educational status,
medical history, antihypertensive treatment, smoking habits,
alcohol intake, and physical activity. A low educational level
was defined as 6 or fewer years of formal education. Smoking
habits and alcohol consumption were classified as either
current use or not. Regular exercise was defined as engaging in
exercise at least 3 or more times a week during leisure time.
Sitting blood pressure was measured with a mercury sphyg-
momanometer 3 times at the right upper arm after at least 5
minutes of rest, and themean of the 3measurements was used
in the analysis. Hypertension was determined as blood pres-
sure ≥140/90 mm Hg or the use of antihypertensive agents.
Body height and weight were measured in light clothing
without shoes, and body mass index (kg/m2) was calculated.
Diabetes was defined by fasting glucose concentrations ≥7.0
mmol/L, 2-hour postload or postprandial glucose concen-
trations ≥11.1 mmol/L, or use of glucose-lowering agents.
Hemoglobin A1c (HbA1c) was measured by high-pressure
liquid chromatography. The value for HbA1c was corrected to
the National Glycohemoglobin Standardization Program

Figure 1Observed cumulative hazard plots for the occurrence of all dementia and the occurrence of death or all dementia

(A) All dementia. (B) Death or all
dementia.
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equivalent value (%) with the following formula: HbA1c (%)
= 1.02 × HbA1c (%) + 0.25%. Serum total cholesterol and
high-density lipoprotein cholesterol levels were measured by
the enzymatic method. History of stroke was defined on the
basis of all clinical data available in the Hisayama Study.
Electrocardiogram abnormalities were defined as left ven-
tricular hypertrophy (Minnesota Code, 3-1), ST depression
(4-1, 2, 3), or atrial fibrillation (8-3).

Statistical analysis
The software package SAS (version 9.4; SAS Institute, Cary,
NC) was used to perform all statistical analyses. The

cumulative incidence of dementia and its subtypes was cal-
culated taking the presence of competing risks of death into
consideration (figure e-1, doi.org/10.5061/dryad.
d8v1b44).32 First, we estimated the death- and all dementia-
free survival probabilities, and all dementia-free survival
probabilities during follow-up by using the usual Kaplan-
Meier methods, then generated cumulative hazard plots in
order to check the distribution of survival probabilities. The
plots of log-transformed cumulative hazards vs log-
transformed follow-up times resembled straight lines for ei-
ther sex (figure 1), suggesting that a Weibull distribution was
appropriate for the distribution of survival time for these

Table 1 Baseline characteristics of the study population

Women Men p Value

No. of participants 696 497

Age, y 70.9 (7.4) 69.8 (7.1) 0.01

Age categories, y 0.22

60–69 49.6 54.9

70–79 36.1 33.0

80–89 13.4 11.7

90 years or older 1.0 0.4

Education ≤6 years 20.8 7.4 <0.0001

Systolic blood pressure, mm Hg 142.0 (24.1) 139.4 (22.5) 0.06

Diastolic blood pressure, mm Hg 75.2 (10.7) 77.9 (10.7) <0.0001

Hypertension 57.2 55.9 0.67

Antihypertensive medication 26.9 23.7 0.22

Hemoglobin A1c 5.7 (0.8) 5.7 (0.8) 0.49

Diabetes 13.7 14.7 0.61

Total cholesterol, mmol/L 5.7 (1.1) 5.0 (1.1) <0.0001

High-density lipoprotein cholesterol, mmol/L 1.3 (0.3) 1.2 (0.3) 0.045

Body mass index, kg/m2 22.4 (3.4) 21.9 (2.9) 0.002

Electrocardiogram abnormalities, % 20.6 23.9 0.16

History of stroke 4.7 6.8 0.12

Smoking habit 7.0 45.7 <0.0001

Alcohol intake 7.1 49.2 <0.0001

Regular exercise 12.2 17.5 0.01

All dementia during follow-up 234 (33.6) 116 (23.3) 0.0001

AD during follow-up 149 (21.4) 42 (8.5) <0.0001

VaD during follow-up 60 (8.6) 57 (11.5) 0.10

Abbreviations: AD = Alzheimer disease; VaD = vascular dementia.
Values were represented as mean (SD), %, or n (%).
Hypertension was defined as blood pressure ≥140/90 mm Hg or use of antihypertensive medication. Diabetes was defined as fasting blood glucose ≥7.0
mmol/L, casual or postload blood glucose ≥11.1mmol/L, or use of glucose-lowering agents. Electrocardiogram abnormalities were defined as left ventricular
hypertrophy (Minnesota code, 3-1), ST depression (Minnesota code, 4-1, 2, 3), or atrial fibrillation (Minnesota code, 8-3-1). Regular exercise was defined as
engaging in sports at least 3 times per week during leisure time.
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endpoints. Therefore, we built a function to describe death-
and all dementia-free survival (eS[t]), and a function to de-
scribe all dementia (or each dementia subtype)–free survival
(eS9[t]) by using theWeibull proportional hazardmodel, where
t is years of follow-up. The number of participants at risk for
each year of follow-up (eN[t]) was calculated as eN(t) =
eN(0) × eS(t). The cumulative hazard function (eCH9[t]) and
the hazard function (eH9[t]) of incident all dementia (or each
dementia subtype) were computed as eCH9(t) = −log(eS9[t])
and eH9(t) = eCH9(t) − eCH9(t − 1), respectively. On the basis
of these functions, the cumulative incidence of all dementia or
each dementia subtype (unit: percentage) at each year was
estimated as eCI(t) =+(eN[t − 1] × eH9[t])/N(0) × 100. The
agreement between the observed and estimated cumulative
incidence was assessed using an intraclass correlation coefficient
for one-way random single measures.33 The estimated lifetime
risk of all dementia (or each dementia subtype) was defined as
the estimated cumulative incidence of the relevant endpoint at
the years that the estimated frequency of participants at risk
reached less than 0.5%.34 The 95% confidence intervals (CIs) of
estimated cumulative incidence were estimated from 1,000
bootstrap samples.

Standard protocol approvals, registrations,
and patient consents
This study was approved by the Kyushu University In-
stitutional Review Board for Clinical Research. We obtained
written informed consent from all participants.

Data availability
The datasets generated and analyzed in the present study are
not publicly available because they contain confidential clin-
ical and demographic data of the study participants. However,
further information about the datasets is available with the
permission of the principal investigator of the Hisayama Study
(Toshiharu Ninomiya) on reasonable request for purposes of
replicating procedures and results.

Results
During the follow-up, 191 participants (92 autopsy cases)
developed AD, 117 (77 autopsy cases) developed VaD, and
60 (30 autopsy cases) developed other subtypes of dementia.
The other subtypes of dementia included 60 cases of the
following subtypes: 16 cases (13 autopsy cases) of DLB, 9
cases (9 autopsy cases) of SD-NFT, 1 case (1 autopsy case) of
progressive supranuclear palsy, 2 cases (2 autopsy cases) of
argyrophilic grain disease, 6 cases (2 autopsy cases) of fron-
totemporal lobar degeneration, 1 case (0 autopsy cases) of
hypoxic ischemic encephalopathy, 1 case (1 autopsy case) of
brain tumor, 1 case (1 autopsy case) of hypothyroidism, 1 case
(0 autopsy cases) of alcohol-induced dementia, 6 cases (0
autopsy cases) of head injury–induced dementia, and 16 cases
(1 autopsy case) of unknown cause. The baseline character-
istics of the study population according to sex are shown in
table 1. The mean age was 69.8 years (SD 7.1) in men and
70.9 years (SD 7.4) in women. The mean values of diastolic
blood pressure and frequencies of smoking habits, alcohol
intake, and regular exercise were higher in men than in
women. Conversely, the mean values of total cholesterol,
high-density lipoprotein cholesterol, body mass index, and
low education were lower in men than in women.

Figure 2 shows the observed and estimated proportional rates
of death and all dementia-free survival (eS[t], figure 2A) and
all dementia-free survival (eS9[t], figure 2B) during the
follow-up. The proportional rates of all dementia-free survival
for 17 years were 0.762 in men and 0.657 in women. In
addition, the rates of survival without developing dementia
were 0.326 in men and 0.392 in women. Based on these time-
to-event data, the estimated proportional rates of all
dementia-free survival were exp(−0.0024 × Year1.9129) for
women and exp(−0.0022 × Year1.8407) for men. Moreover,
the estimated proportional rates of death and all dementia-
free survival were exp(−0.0091 × Year1.6351) for women and

Figure 2Observed and estimated proportional rate of death- and all dementia-free survival and all dementia-free survival

(A) Death- and all dementia-free survival. (B) All dementia-free survival. Time 0 represents the time of the initiation of follow-up (baseline survey).
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Table 2 Calculation of estimated cumulative incidence of all dementia during the follow-up period

Year (t)

Estimated proportional
rate of death- and all
dementia-free survival
(eS[t])a

Estimated number
of participants at
risk (eN[t] = eS[t] ×
eN[0])

Estimated annual
incidence rate of all
dementia (eH9[t] = eCH9
[t] 2 eCH9[t 2 1])b

Estimated cumulative
number of incident all
dementia (+eE[t] = +[eN(t
2 1) × eH9(t)])

Estimated cumulative
incidence of all
dementia, % (eCI[t] =
+eE[t]/N[0] × 100)

Women

0 1.000 696 0.0

1 0.991 690 0.002 1.6 0.2

2 0.972 677 0.007 6.1 0.9

3 0.947 659 0.010 13.2 1.9

4 0.916 637 0.014 22.5 3.2

5 0.881 613 0.018 33.8 4.9

6 0.843 587 0.021 46.9 6.7

7 0.803 559 0.025 61.5 8.8

8 0.761 530 0.028 77.4 11.1

9 0.718 500 0.032 94.2 13.5

10 0.675 470 0.035 111.8 16.1

11 0.632 440 0.039 129.9 18.7

12 0.589 410 0.042 148.3 21.3

13 0.547 381 0.045 166.9 24.0

14 0.506 352 0.048 185.3 26.6

15 0.467 325 0.052 203.6 29.2

16 0.429 298 0.055 221.4 31.8

17 0.392 273 0.058 238.8 34.3

Men

0 1.000 497 0.0

1 0.985 490 0.002 1.1 0.2

2 0.958 476 0.006 3.9 0.8

3 0.924 459 0.009 8.0 1.6

4 0.884 439 0.012 13.3 2.7

5 0.841 418 0.014 19.6 3.9

6 0.796 395 0.017 26.6 5.4

7 0.749 372 0.019 34.3 6.9

8 0.701 349 0.022 42.4 8.5

9 0.654 325 0.024 50.9 10.2

10 0.607 302 0.027 59.6 12.0

11 0.562 279 0.029 68.4 13.8

12 0.518 257 0.031 77.1 15.5

13 0.475 236 0.034 85.8 17.3

14 0.435 216 0.036 94.3 19.0

Continued
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exp(−0.0148 × Year1.5267) for men. As shown in table 2, the
estimated cumulative incidence rates of all dementia were
calculated by using these formulas. The observed and esti-
mated cumulative incidence rates of all dementia for 17 years
were compared by sex (figure e-2, doi.org/10.5061/dryad.
d8v1b44). For both men and women, the observed and es-
timated cumulative incidence rates of dementia were well-
fitted. The intraclass correlation coefficient was 0.996 for
women and 0.985 for men.

The sex-specific lifetime risks of all dementia and its subtypes
were computed by using the aforementioned formulas in
a general population of elderly Japanese participants. Esti-
mated lifetime risk of all dementia was 64.8% (95% CI,
57.4%–72.1%) for women and 40.8% (95% CI,
33.0%–48.5%) for men (figure 3). In the overall study pop-
ulation, 54.8% (95% CI, 49.4–60.1) of participants aged 60
years would be presumed to develop some type of dementia
during the remainder of their lives. With regard to subtypes of
dementia, the lifetime risk of AD for women was estimated to
be approximately 2-fold higher than that for men (42.4%
[95% CI, 35.1%–49.7%] for women; 20.4% [95% CI,
6.6%–34.2%] for men), whereas the estimated lifetime risk of
VaD was similar between the sexes (16.3% [95% CI,
11.5%–21.1%] for women; 17.8% [95%CI, 12.9%–22.7%] for
men) (figure 4).

Discussion
The present study clearly demonstrated that the lifetime risk
of all dementia was more than 50% in a general population of
Japanese participants aged 60 years or older. Women had
a higher lifetime risk of dementia, especially AD, thanmen. To
our knowledge, this is the first study addressing the lifetime
risk of dementia in a general elderly population in an Asian
region. Several prospective studies have reported that the
lifetime risks of dementia or AD varied from 14.3% to 49.6%
in the populations studied.3–11 As expected, these estimates
were substantially lower than our estimates. These discrep-
ancies may have arisen from differences in the demographic

characteristics of the study populations, such as the age dis-
tribution or life expectancy, because individuals in pop-
ulations with a shorter life expectancy or a higher mortality
rate from other causes, such as cardiovascular disease or
cancer, would be likely to die before the onset of dementia.15

Japan has one of the highest life expectancies worldwide,35

and thus the Japanese are likely to have a greater risk of
dementia in their lifespans. In addition, the high incidence of
dementia in our study may have been related to the accuracy
of the dementia survey used. A high study participation rate
and follow-up rate are important to accurately determine the
incidence of dementia, because low participation rates lead to
the healthy screening bias, which could cause an un-
derestimation of the incidence of dementia. For example, the
previous studies reported that nonparticipating elderly had
more mild cognitive impairment and dementia than their
participating elderly counterparts.36,37 In the present study,
underestimation of the incidence of dementia was unlikely to
have occurred, because full community surveys that included
patients staying in the hospital or health care facilities during
follow-up were performed. Some combination of the above
phenomena could explain why the lifetime risk of dementia in
the present study was so much higher than the estimates
reported previously in other geographically or ethnically dif-
ferent populations. On the other hand, the average life ex-
pectancy of Japanese people increased by about 6 years
between 1988 and 2018 for both men and women (75.5 years
in 1988 vs 81.3 years in 2018 for men, 81.3 years vs 87.3 years
for women). A previous study reported that the incidence of
dementia in community-dwelling Japanese increased from
1988 to 2002.14 Therefore, the current cumulative incidence
of dementia in Japanese elderly is likely higher than that es-
timated in the present study.

The present study showed that women had an approximately
2-fold greater lifetime risk of AD than men. The exact reasons
underlying the sex difference in the risk of dementia—
particularly AD—are unclear, but possible explanations are as
follows. First, women have a longer life expectancy than men
in Japan. In 2018, the life expectancy of Japanese people was
81.1 years for men and 87.3 years for women, a difference of

Table 2 Calculation of estimated cumulative incidence of all dementia during the follow-up period (continued)

Year (t)

Estimated proportional
rate of death- and all
dementia-free survival
(eS[t])a

Estimated number
of participants at
risk (eN[t] = eS[t] ×
eN[0])

Estimated annual
incidence rate of all
dementia (eH9[t] = eCH9
[t] 2 eCH9[t 2 1])b

Estimated cumulative
number of incident all
dementia (+eE[t] = +[eN(t
2 1) × eH9(t)])

Estimated cumulative
incidence of all
dementia, % (eCI[t] =
+eE[t]/N[0] × 100)

15 0.396 197 0.038 102.5 20.6

16 0.360 179 0.040 110.5 22.2

17 0.326 162 0.043 118.1 23.8

a The function eS(t) represents the estimated proportional rate of death- and dementia-free survival for year t of follow-up: eS(t) = exp(−0.0091 × t1.6351) for
women and exp(−0.0148 × t1.5267) for men.
b The function eCH9(t) represents the estimated cumulative hazard of dementia for follow-up period t: eCH9(t) = −log(eS9[t]) = 0.0024 × t1.9129 for women and
0.0022 × t1.8407 for men, where eS9(t) is the estimated proportional rate of dementia-free survival for year t of follow-up.
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about 6 years. Second, women had less regular exercise and
lower education than men in this study. Moreover, there were
few opportunities for social activity for women in Japan in the
1980s.38 Physical inactivity, social isolation, and low education
are all considered important risk factors for dementia
according to the recent WHO guidelines.39 Finally, the sex

difference in the influence of APOE ɛ4 on dementia risk may
have partially contributed to the discrepancy in the incidence
of AD between the sexes.40 Several studies have reported that
the APOE ɛ4 risk for AD is greater in women.41,42 Any of
these facts, either singly or in combination, could have
accounted for the higher prevalence of AD and other dementia

Figure 3 Estimated lifetime risks of all dementia in the elderly by sex

Estimated remaining lifetime risk of all dementia was defined as the estimated cumulative incidence of all dementia over the years of follow-up for which the
estimated frequency of participants at risk reached less than 0.5%. Time 0 represents the time of the initiation of follow-up (baseline survey). CI = confidence
interval.
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in women. Conversely, in a report from the American Heart
Association Conference, the lifetime risk of VaD was found to be
similar between sexes, even though men were likely to have
a higher risk of cerebrovascular diseases than women.43 This may
be because the excess risk of cerebrovascular diseases in men was
offset by their shorter life expectancy. In addition, the improved
management of risk factors of VaD such as hypertension and
smoking habits may reduce the lifetime risk of VaD in men.

The strengths of our study include the longitudinal
population-based design, the long follow-up period, the
complete follow-up of the participants, and the availability of
neuropathology and neuroimaging data to determine de-
mentia subtypes. In addition, we used both data on the in-
cidence of dementia and data on mortality from the same
population so that we could consider the effects of competing
risk. Some limitations should also be noted. First, the validity

Figure 4 Estimated lifetime risks of Alzheimer disease (AD) and vascular dementia (VaD) in the elderly by sex

Time 0 represents the time of the initiation of follow-up (baseline survey). CI = confidence interval.
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of the estimated survival curve and annual incidence rate of
dementia was limited after 18 years of follow-up. However,
about two-thirds of the study population had already died or
developed dementia by 17 years of follow-up, which may be
a sufficient number to build statistical models for estimating
participants at risk for and incidence of dementia at each time
point of the follow-up period, and the estimated probabilities
of dementia were in excellent agreement with the observed
ones in both sexes. Therefore, the influence of this limitation
on our findings would be modest. Second, we were unable to
estimate the lifetime risk of dementia according to age groups
due to the limited sample size; such data would also be
valuable for policy makers. Third, there was a possibility of
overdiagnosis of dementia due to low education or hearing
loss, especially during the process of estimating cognitive
function in neuropsychological tests. Therefore, the study
physician and psychiatrist conducted detailed examinations
including interviews of the family, attending physician, and
staff of the Division of Health and Welfare of the Hisayama
town for all the cases suspicious for dementia based on the
neuropsychological tests, and we also conducted examina-
tions in writing for participants with hearing loss to avoid
overdiagnosis as much as possible. Fourth, the diagnosis of
dementia was verified by autopsy in only 52.6% of dementia
cases, resulting in a certain degree of subtypemisclassification.
However, the agreement rate between clinical diagnosis and
neuropathologic diagnosis in our autopsy cases was 78.3% for
all dementia, 84.8% for AD, and 88.3% for VaD, and thus the
effect of this limitation, if any, would be modest. Finally, we
could not estimate cognitive impairments during follow-up
before the onset of dementia, although such impairments
would be strongly associated with functional disability. Fur-
ther studies should be conducted to estimate the cumulative
incidence of moderate to severe cognitive impairment in or-
der to prevent functional impairment in the elderly.

The present study demonstrated that lifetime risk of all de-
mentia for Japanese elderly was substantial at 50% or higher.
These findings suggest that the lifetime burden attributable to
dementia in contemporary Japanese communities is immense.
These findings will be helpful for policy makers in evaluating
the impact of various policies and prioritizing research
expenditures. Further investigations of the lifetime risk of
dementia should be performed among geographically or
ethnically diverse populations and repeated periodically in
order to assist health economic and public policy decisions.
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