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Abstract.
Background: Prognosis-related information regarding dementia needs to be updated, as changes in medical and long-term
care environments for patients with dementia in recent decades may be improving the prognosis of the disease.
Objective: We aimed to investigate the mortality, cause of death, and prognostic factors by types of dementia in a Japanese
clinic-based cohort.
Methods: The National Center for Geriatrics and Gerontology-Life Stories of People with Dementia consists of clinical
records and prognostic data of patients who visited the Memory Clinic in Japan. Patients who attended the clinic between
July 2010 and September 2018, or their close relatives, were asked about death information via a postal survey. A cohort
of 3,229 patients (mean age, 76.9; female, 1,953) was classified into six groups: normal cognition (NC), mild cognitive
impairment (MCI), Alzheimer’s disease (AD), vascular dementia, dementia with Lewy bodies (DLB), and frontotemporal
lobar degeneration. A Cox proportional hazards model was employed to compare the mortality of each type of dementia,
MCI, and NC.
Results: Patients with all types of dementia and MCI had higher mortality rates than those with NC (hazard risks: 2.61–5.20).
The most common cause of death was pneumonia, followed by cancer. In the MCI, AD, and DLB groups, older age, male
sex, and low cognitive function were common prognostic factors but not presence of apolipoprotein E �4 allele.
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Conclusion: Our findings suggest important differences in the mortality risk and cause of death among patients with dementia,
which will be useful in advanced care planning and policymaking.

Keywords: Alzheimer’s disease, cause of death, frontotemporal lobar degeneration, Lewy bodies, mild cognitive impairment,
mortality, prognostic factor, vascular dementia

INTRODUCTION

Due to decreasing fertility rates and increas-
ing longevity, the global population is experiencing
a structural age shift, especially in developed
countries [1]. Of the global burden of serious age-
associated health-related conditions, dementia is
expected to have the highest proportional increase
(264% increase between 2016 and 2060) [2]. Among
serious health-related conditions, dementia not only
significantly affects individuals but also their fami-
lies and the entire society. Furthermore, most cases
of dementia are incurable and progressive, gradually
leading to the loss of cognitive function and ulti-
mately to death. Thus, understanding the prognosis
of dementia is important for health policymakers to
formulate policies and plans for national resources
needed in the management of dementia along with
provision of advanced care planning for patients,
caregivers, and health professionals.

Previous studies have shown that the median sur-
vival time after a diagnosis of dementia varies from
3 to 6 years [3–5], and life expectancy in those with
dementia is shorter than that in the general population
[6–8]. The dementia type also affects life expectancy.
A recent meta-analysis reported that survival time
differed between dementia types, with those with
dementia with Lewy bodies (DLB) having a shorter
survival time than those with Alzheimer’s disease
(AD) [9]. Of the dementia types, patients with vascu-
lar dementia (VaD) or DLB have been shown to have
the shortest survival, followed by patients with AD
[7]. Additionally, it has been reported that patients
with mild cognitive impairments (MCI) also have
shorter survival times than individuals with normal
cognition [7, 10, 11]. Prognostic factors of patients
with dementia have been reported, including age,
sex, number of comorbid conditions, low socioeco-
nomic status, functional disability, and low cognitive
function [4, 12–16]. However, few studies have con-
sidered prognostic factors or causes of death based on
the type of dementia. As mortality rates differ among
dementia types, it is necessary to investigate the spe-
cific death-related information according to dementia
type.

Additionally, previous studies in Asia on progno-
sis of dementia [17, 18] are limited, and those studies
were conducted about a decade ago. The incidence
and prevalence trend of dementia varies across coun-
tries, decreasing over the last two or three decades
in America and Europe [19–21], but increasing in
Eastern Asia [17, 22]. However, it is unclear whether
this variation is due to differences in race/ethnicity,
national systems, and/or maturity levels in countries.
As more countries implement dementia-related mea-
sures, we have observed progressive improvements in
its treatment and diagnosis over the past decade. In
Japan, the long-term care insurance system—a wel-
fare system started in 2000 for older people with
disability—contributes to supporting people in their
late life. Since 2010, all anti-dementia drugs have
been available for dementia treatment. Considering
changes in these medical and long-term care envi-
ronments over the last two decades, prognosis of
dementia may be improving, and prognosis-related
information regarding dementia in Japan needs to be
updated.

This study aimed to investigate mortality, cause of
death, and prognostic factors according to the type of
dementia diagnosis in a Japanese clinic-based cohort
(2010–2018). Japan has the highest aging population
rate and a well-developed dementia control and care
system; therefore, providing evidence from the lat-
est large-scale clinical cohort studies in Japan will
have important implications for the trajectory toward
dealing with the challenges in dementia.

METHODS

Dataset

The National Center for Geriatrics and
Gerontology-Life Stories of People with Dementia
(NCGG-STORIES) consists of the clinical records
and prognostic data of patients who consulted at the
Memory Clinic of the NCGG.

This was a retrospective cohort study. The Memory
Clinic at the NCGG is one of the six national cen-
ters for advanced and specialized medicine, located
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in one of the most populous prefectures (Aichi)
in Japan. There were 4,952 patients in NCGG-
STORIES who attended the Memory Clinic at the
NCGG between July 2010 and September 2018. We
mailed a questionnaire about the patients’ condition
to these patients and asked them to complete it and
return it via mail from November 2018 to January
2019. Among these, 1,007 did not respond during
the study period (response rate: 79.7%). Disagree-
ment or no response to informed consent (n = 210)
and those who returned the questionnaire but erased
their identity number (n = 4) were excluded from the
study. The identity number was indispensable for the
aggregation of clinical and survey data. The study
protocol was approved by the local Ethics Commit-
tee of the NCGG (No: 1180–2). The purpose, nature,
and potential risks of the study were fully explained
to the patients or their close relatives, who provided
written informed consent before participation.

Inclusion and exclusion criteria

Participants registered in NCGG-STORIES were
included in this study. However, participants were
excluded if they had any of the following: missing
death information (n = 10), idiopathic normal pres-
sure hydrocephalus (n = 60), and dementia other than
dementia of the unspecified type (n = 432).

Diagnosis of dementia type

Medical doctors diagnosed participants according
to dementia type. Participants who had subjective
cognitive complaints but were shown to have normal
cognitive function on a neuropsychological assess-
ment were diagnosed as having normal cognition
(NC). The presence of MCI and dementia was clin-
ically determined according to the criteria of the
National Institute on Aging-Alzheimer’s Associa-
tion workgroups [23, 24]. Dementia was classified
as either probable or possible AD [24], probable or
possible DLB [25], frontotemporal lobar degenera-
tion (FTLD) [26, 27], VaD [28], or idiopathic normal
pressure hydrocephalus [29].

Information on death

Participants were asked about death information
via a postal survey (death-related information, sur-
vival status, year and month of death, cause of death,
and location of death). The participants or close rel-
atives completed the questionnaires. First, they were

asked about the patients’ survival status when they
received the questionnaire. If they chose “deceased,”
the year, month, and cause of death (cancer, cardiac
disease, pneumonia, cerebrovascular disease, others)
were requested. We calculated the days until death
by assuming that the event occurred on the midday
of the month, as we only assessed the year and month
of death.

As we obtained information on death in this study
from a questionnaire, we verified the accuracy of that
information using the patients’ medical records, and a
total of 104 patients’ deaths were confirmed. Of these,
the survival status of 100 patients were accurately
reported (accuracy; 96.2%). The calculated date of
death in 93 patients was identical to that in the medical
records (accuracy: 93.0%).

Assessment at consultation

Cognitive function
Clinical psychologists assessed cognitive function

using the Mini-Mental State Examination (MMSE)
[30]. The MMSE scores ranged from 0 to 30, with
lower scores indicating impaired cognitive function-
ing. We operationally divided the scores into three
categories (<20, 20–23, and ≥24).

Activities of daily living
We assessed activities of daily living (ADL)

based on basic and instrumental dimensions. The
patients’ caregivers assessed basic ADL (BADL)
using the Barthel Index [31]. A higher score indi-
cated greater independence in ADL. Patients with a
Barthel Index = 100 were defined as the group with
full basic ADL and those with a Barthel Index <100
as the group with basic ADL impairment. Instrumen-
tal ADL (IADL) were also assessed by the caregiver
using the Lawton Index [32]. The Lawton Index con-
sists of eight items. Each item was scored from “0”
(dependent) to “1” (independent). As three of the
items of the Lawton Index (“prepare food,” “house-
cleaning,” and “laundry”) were not applicable to
many Japanese men, these three items were excluded
when the total score of the Lawton Index was calcu-
lated for men. The sum score was divided by five in
males and eight in females. Patients with a Lawton
Index of 5 and 8 in males and females, respectively,
were defined as the group with full IADL, while
scores less than these in the respective groups were
defined as the group with IADL impairment.
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Depressive symptoms
Depressive symptoms were assessed by clinical

psychologists using the Geriatric Depression Scale 15
[33]. With a score ≥5 indicating mild/severe depres-
sive symptoms, the Geriatric Depression Scale 15
exhibits a sensitivity and specificity of 92.7% and
65.2%, respectively [34].

Other variables

Demographic variables were collected from the
medical records and included age, sex, years of edu-
cation (≤9 or >9 years), and body mass index (BMI;
<18.5, 18.5–<25, or ≥25 kg/m2). A portion of the
participants had APOE phenotypes (APOE �4 carrier
or APOE �4 non-carrier).

Statistical analysis

Demographic data are expressed for continuous
variables as mean and standard deviation and cate-
gorical variables as frequencies and proportions. To
assess the features of valid respondents, we compared
the characteristics between non-analyzed participants
and valid respondents using the unpaired t-test and
χ2-test.

We described death as the number of deaths per
1,000 person-years. The Cox proportional hazards
model was used to compare each type of dementia,
MCI, and NC with the predictor variables—death
with age, sex, education, MMSE, BMI, BADL,
and IADL—as confounding factors. Hazard ratios
and 95% confidence intervals were calculated. Each
adjusted hazard ratio was compared using the Bon-
ferroni method (p < 0.0033; 0.05/15). To examine
the factors related to death by MCI, AD, and DLB,
we used the crude and multivariable Cox propor-
tional hazards model to assess the effects of sex,
MMSE score, age, education, BMI, BADL, and
IADL on death. The multivariable models simultane-
ously included all variables. We did not apply the Cox
models for patients with VaD and FTLD because the
sample size was insufficient. To assess the association
of APOE, we included APOE in the Cox proportional
hazards model for MCI, AD, and DLB. The Cox pro-
portional hazards model assumption was graphically
reviewed using a log-log plot.

Statistical significance was defined as p < 0.05. All
statistical analyses were performed using STATA ver-
sion 17.0 (Stata Corp, College Station, TX, USA).

Fig. 1. Flow chart in this study.

RESULTS

Finally, 3,731 participants in our cohort were
identified as providing valid responses to the
questionnaire (Fig. 1). Clinical features of valid
respondents compared with non-respondents and
invalid respondents are shown in Supplementary
Table 1. Valid respondents were more frequently
female, lived with others, and had better cognitive
function and ADL than did non-respondents and
invalid respondents.

Among the valid respondents, 3,229 participants
were analyzed (NC = 483, MCI = 865, AD = 1,587,
VaD = 76, DLB = 173, and FTLD = 45). Baseline
characteristics at diagnosis are shown in Table 1. A
total of 564 deaths were recorded (Table 2). The diag-
nosis with the highest percentage of deaths was DLB
(37.6%, 101.80 per 1,000 person-years), followed
by VaD (35.5%, 87.28 per 1,000 person-years) and
FTLD (31.1%, 85.10 per 1,000 person-years). The
causes of death by diagnosis are shown in Table 3.
Pneumonia was the leading cause of death in all
the diagnoses, MCI and NC, followed by cancer in
patients with MCI, AD, and DLB. However, heart dis-
ease was the second leading cause of death in patients
with VaD. The causes of death that fell under “other
causes of death” are shown in Supplementary Table 2.

In the Cox regression hazard model, using crude
and multivariable models, all the types of demen-
tia and MCI were associated with death (adjusted
hazard ratios and 95% confidence intervals for
MCI: 2.61, 1.37–4.97; AD: 2.70, 1.40–5.22; VaD:
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Table 1
Baseline characteristic of patients

Variables n Total NC MCI AD VaD DLB FTLD
(n = 483) (n = 865) (n = 1, 587) (n = 76) (n = 173) (n = 45)

Age, y, mean [SD] 3,229 76.9 [7.9] 70.5 [8.3] 76.0 [7.2] 79.0 [7.1] 78.9 [6.4] 79.6 [6.6] 72.0 [10.0]
Sex, n (%) Female 3,229 1,953 (60.4) 269 (55.7) 469 (54.2) 1,068 (67.3) 25 (32.9) 99 (57.2) 21 (46.7)

Male 1,278 (39.6) 214 (44.3) 396 (45.8) 519 (32.7) 51 (67.1) 74 (42.8) 24 (53.3)
BMI, kg/m2, n (%) <18.5 3,192 638 (20.0) 38 (7.9) 88 (10.2) 223 (14.1) 6 (7.9) 33 (19.1) 6 (13.6)

18.5 –<25.0 1,144 (35.8) 353 (73.4) 597 (69.3) 1,084 (68.4) 52 (68.4) 120 (69.3) 30 (68.2)
≥25.0 1,410 (44.2) 90 (18.7) 177 (20.5) 277 (17.5) 18 (23.7) 20 (11.6) 8 (18.2)

Education, y, n (%) ≤9 3,192 1,411 (44.2) 89 (18.4) 330 (38.5) 845 (54.1) 41 (53.9) 91 (53.5) 15 (34.9)
>9 1,781 (55.8) 394 (81.6) 528 (61.5) 717 (45.9) 35 (46.1) 79 (46.5) 28 (65.1)

MMSE, n (%) ≥24 3,220 1,346 (41.8) 470 (97.3) 591 (68.4) 233 (14.7) 11 (14.5) 30 (17.3) 11 (25.6)
20–23 612 (19.0) 13 (2.7) 204 (23.6) 345 (21.8) 15 (19.7) 31 (17.9) 4 (9.3)
<20 1,262 (39.2) 0 (0.0) 69 (8.0) 1,003 (63.4) 50 (65.8) 112 (64.7) 28 (65.1)

GDS, n (%) <5 3,190 2,012 (63.1) 319 (66.3) 613 (71.1) 951 (60.9) 30 (40.0) 80 (47.1) 19 (47.5)
≥5 1,178 (36.9) 162 (33.7) 249 (28.9) 611 (39.1) 45 (60.0) 90 (52.9) 21 (52.5)

BADL, n (%) Full 3,204 2,360 (73.7) 441 (93.6) 750 (87.6) 1,039 (65.5) 23 (30.3) 77 (44.8) 30 (68.2)
Impaired 844 (26.3) 30 (6.4) 106 (12.4) 546 (34.5) 53 (69.7) 95 (55.2) 14 (31.8)

IADL, n (%) Full 3,202 1,210 (37.8) 414 (87.7) 523 (61.1) 235 (14.8) 10 (13.2) 19 (11.1) 9 (20.5)
Impaired 1,992 (62.2) 58 (12.4) 333 (38.9) 1,347 (85.2) 66 (86.8) 153 (88.9) 35 (79.5)

APOE, n (%) �4 non-carrier 2,678 1,770 (66.1) 312 (79.8) 463 (68.1) 822 (59.9) 47 (78.3) 105 (71.9) 21 (72.4)
�4 carrier 908 (33.9) 79 (20.2) 217 (31.9) 550 (40.1) 13 (21.7) 41 (28.1) 8 (27.6)

NC, normal cognition; MCI, mild cognitive impairment; AD, Alzheimer’s disease, VaD, vascular dementia; DLB, dementia with Lewy bodies; FTLD, frontotemporal lobar degeneration; BMI,
body mass index; MMSE, Mini-Mental State Examination; GDS, Geriatric Depression Scale; BADL, basic activity of daily living; IADL, instrumental activity of daily living; APOE, apolipoprotein
E; SD, standard deviation.
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Table 2
Death-related information by diagnosis

Diagnosis n Number of deaths Mean follow-up days Death per 1,000 Survival time (days)
N (%) (Min, Max) person years 25% 50%

NC 483 11 (2.3) 1538.1 (102, 2,989) 5.40 >3000 days >3000 days
MCI 865 81 (9.4) 1382.4 (57, 3,032) 24.73 >3000 days >3000 days
AD 1,587 366 (23.1) 1606.9 (50, 2,990) 52.39 2,024 >3000 days
VaD 76 27 (35.5) 1485.7 (78, 2,965) 87.28 1,792 2,397
DLB 173 65 (37.6) 1347.2 (50, 2,925) 101.80 1,296 2,290
FTLD 45 14 (31.1) 1334.0 (210, 2,876) 85.10 1,228 2,586

NC, normal cognition; MCI, mild cognitive impairment; AD, Alzheimer’s disease; VaD, vascular dementia; DLB, dementia with Lewy
bodies; FTLD, frontotemporal lobar degeneration.

Table 3
Cause of death by diagnosis

Diagnosis Number of Cause of death, n (%)
deaths Cancer Heart disease Pneumonia Cerebrovascular Others Missing

disease

NC 11 3 (27.3) 1 (9.1) 3 (27.3) 0 (0) 4 (36.4) 0 (0)
MCI 81 16 (19.8) 10 (12.4) 16 (19.8) 5 (6.2) 33 (40.7) 1 (1.2)
AD 366 68 (18.6) 55 (15.1) 87 (23.8) 31 (8.5) 122 (33.3) 3 (0.8)
VaD 27 4 (14.8) 5 (18.5) 9 (33.3) 2 (7.4) 7 (25.9) 0 (0)
DLB 65 9 (13.9) 3 (4.6) 28 (43.1) 3 (4.6) 19 (29.2) 3 (4.6)
FTLD 14 0 (0) 1 (7.1) 8 (57.1) 1 (7.1) 3 (21.4) 1 (7.1)

NC, normal cognition; MCI, mild cognitive impairment; AD, Alzheimer’s disease; VaD, vascular dementia; DLB, dementia with Lewy
bodies; FTLD, frontotemporal lobar degeneration.

2.84, 1.33–6.05; DLB: 4.57, 2.28–9.14; FTLD: 5.20,
2.21–12.26, respectively) (Table 4). The adjusted
hazard ratio of DLB was statistically higher than that
of MCI and AD (MCI versus DLB, p = 0.0027; AD
versus DLB, p = 0.0002).

To examine death-related factors in MCI, AD, and
DLB, we used the Cox proportional hazards model.
Regarding the MMSE score, since only a few patients
had scores <20 in the MCI group, we re-categorized
them from the three classes (<20, 20–23, ≥24) to two
classes (<24, ≥24). Since the number of patients in
the AD and DLB groups with scores ≥24 was insuf-
ficient, we re-categorized them from the three classes
(<20, 20–23, ≥24) to two classes (<20, ≥20). In the
MCI group, sex, MMSE score, age, and BMI were
associated with death. In the AD group, sex, MMSE
score, age, education, BMI, and BADL were associ-
ated with death. In the DLB group, sex and MMSE
scores were associated with death (Table 5).

In the Cox proportional hazards model that
included APOE in the MCI, AD, and DLB groups,
being an APOE �4 carrier compared with APOE �4
non-carrier was not associated with death (adjusted
hazard ratios and 95% confidence intervals for MCI:
0.66, 0.39–1.12; AD: 0.82, 0.65–1.03; and DLB:
1.53, 0.88–2.66, respectively (Table 6).

DISCUSSION

We investigated the prognosis of the types of
dementia (AD, VaD, DLB, and FTLD) and MCI by
mortality, cause of death, and prognostic factors in
a Japanese national center cohort. Compared with
NC, all dementia types and MCI were associated with
higher mortality rates. The most common causes of
death were pneumonia, followed by cancer. In the
MCI, AD, and DLB groups, male sex and low cogni-
tive function were common prognostic factors. APOE
�4 status in patients with dementia subtype and MCI
was not associated with death.

Studies have consistently shown that patients with
dementia have lower survival rates than those without
dementia. The median survival time after a diagno-
sis of dementia varies largely between studies (from
3.2 to 6.6 years) [3] and differs by dementia sub-
types [15, 35]. In the current results, the median
survival times for those with AD, VaD, DLB, and
FTLD were greater than 3,000, 2,397, 2,290, and
2,586 days, respectively, which was longer than those
reported in previous studies [3–5]. Recent reports on
AD, VaD, and DLB [4, 7] showed that median sur-
vival rates for AD, VaD, and DLB were 5.1–7.4 years,
3.9–4.7 years, and 3.4–4.8 years, respectively. The
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Table 4
Relationship between dementia sub-type and mild cognitive impairment, and death using a Cox

proportional hazards model

Variables Crude model Multivariable model
(n = 3,229) (n = 3,158)

HR 95% CI HR 95% CI

Dementia sub-type NC Ref Ref
MCI 4.79 2.55–9.00 2.61 1.37–4.97
AD 9.40 5.16–17.12 2.70 1.40–5.22
VaD 15.98 7.92–32.21 2.84 1.33–6.05
DLB 19.95 10.53–37.80 4.57 2.28–9.14
FTLD 16.07 7.29–35.39 5.20 2.21–12.26

Age, y 1.07 1.05–1.08
Sex Female Ref

Male 3.18 2.67–3.80
Education, y ≤9 Ref

>9 1.06 0.89–1.27
MMSE ≥24 Ref

20–<24 1.37 1.03–1.85
<20 1.90 1.44–2.50

BMI, kg/m2 <18.5 Ref
18.5–<25.0 0.67 0.53–0.85
≥25.0 0.52 0.38–0.71

BADL Full Ref
Impaired 1.62 1.35–1.97

IADL Full Ref
Impaired 1.54 1.17–2.02

NC, normal cognition; MCI, mild cognitive impairment; AD, Alzheimer’s disease; VaD, vascular
dementia; DLB, dementia with Lewy bodies; FTLD, frontotemporal lobar degeneration; BMI, body
mass index; MMSE, Mini-Mental State Examination; GDS, Geriatric Depression Scale; BADL, basic
activity of daily living; IADL, instrumental activity of daily living, Multivariate model adjusted for age,
sex, education, MMSE, BMI, BADL, and IADL.

current results showed a longer median survival time
compared to those in previous studies; moreover, the
current results are also supported by those of another
Japanese study [17] that reported that the 5-year sur-
vival rate of all-cause dementia and AD improved
from the 1988 to the 2002 cohort. The improvement
over time could be due to improvement of the demen-
tia control and care system in Japan.

It has also been reported that the mortality due
to MCI and AD has increased compared to that of
the general population [7, 18, 36, 37]. Furthermore,
DLB also has shorter survival time than AD [9],
though the time in VaD and FTLD was shorter than
that in AD [7, 38, 39]. In our study, patients with
MCI and AD had higher mortality rates than those
with NC, the hazard ratio of VaD was similar to
that of AD and MCI after adjustment. In the mul-
tiple comparisons among the groups, the adjusted
hazard ratio of DLB was statistically higher than
those of MCI and AD. As the results of this study
are similar to those of previous studies, mortality
due to the types of dementia may not be affected by
race or ethnicity. The following reasons may explain
the shorter survival observed in DLB. Patients with

DLB have a history of recurrent falls [40] and dis-
ease severity, such as more common neuropsychiatric
symptoms (including parkinsonism) [40, 41] and/or
more frequent delirium [42], and increased mortality.
Although the hazard ratio of FTLD was not signifi-
cantly higher than MCI or AD in this study, studies
with more FTLD will be needed.

The present study showed that pneumonia was the
main cause of death for patients with all dementia
types, and cancer was the second major reason for
MCI, AD, and DLB. One study reported that the two
most frequent causes of death in a population with
dementia (n = 207) were pneumonia (34.3%) and
acute myocardial infarction (30.4%) [43]. Another
study reviewed the effects of pneumonia on the
mortality rate of patients with dementia [44]. The
risk of pneumonia-associated death in patients with
dementia was twice as high as that in those with-
out dementia. A third study found that the most
common cause of death was pneumonia (38.4%), fol-
lowed by ischemic heart disease (23.1%) [45]. From
previous studies and the current results, pneumonia
has an observably high effect on dementia-related
deaths. This may be because in the terminal stages of
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Table 5
Relationship between dementia types and mild cognitive impairment, and death using a Cox proportional hazards model

Variables MCI AD DLB
Crude model Multivariable model Crude model Multivariable model Crude model Multivariable model

(n = 864) (n = 851) (n = 1,581) (n = 1,551) (n = 173) (n = 169)
HR 95% CI HR 95% CI HR 95% CI HR 95% CI HR 95% CI HR 95% CI

Sex Female Ref Ref Ref Ref Ref Ref
Male 2.28 1.45–3.59 2.70 1.67–4.37 2.50 2.03–3.06 3.33 2.68–4.12 2.48 1.51–4.06 3.15 1.85–5.37

MMSE High Ref Ref Ref Ref Ref Ref
Low 2.00∗ 1.29–3.10 1.71∗ 1.08–2.71 1.87† 1.32–2.63 1.47† 1.15–1.89 2.19† 1.07–4.46 2.41† 1.28–4.54

Age, y 1.12 1.08–1.16 1.11 1.07–1.15 1.07 1.06–1.09 1.07 1.05–1.09 1.02 0.98–1.06 1.02 0.98–1.07
Education, y ≤9 Ref Ref Ref Ref Ref Ref

>9 1.19 0.75–1.90 1.30 0.81–2.10 0.90 0.73–1.11 0.63 0.44–0.89 1.14 0.70–1.86 1.25 0.73–2.14
BMI, kg/m2 <18.5 Ref Ref Ref Ref Ref Ref

18.5 –<25.0 0.65 0.36–1.18 0.51 0.28–0.95 0.75 0.57–0.99 0.64 0.48–0.85 1.12 0.58–2.15 0.91 0.45–1.81
≥25.0 0.52 0.24–1.10 0.41 0.19–0.91 0.61 0.42–0.88 0.50 0.34–0.73 0.47 0.15–1.48 0.52 0.16–1.67

BADL Full Ref Ref Ref Ref Ref Ref
Impaired 2.75 1.66–4.58 1.64 0.94–2.86 2.23 1.81–2.74 1.72 1.37–2.15 1.87 1.11–3.15 1.25 0.71–2.19

IADL Full Ref Ref Ref Ref Ref Ref
Impaired 2.52 1.61–3.94 1.39 0.86–2.25 2.30 1.62–3.31 1.46 0.99–2.15 3.06 0.96–9.75 2.16 0.61–7.60

MCI, mild cognitive impairment; AD, Alzheimer’s disease; DLB, dementia with Lewy bodies; BMI, body mass index; MMSE, Mini-Mental State Examination; GDS, Geriatric Depression Scale;
BADL, basic activity of daily living; IADL, instrumental activity of daily living. ∗MMSE high showed ≥24 and MMSE low showed <24 in MCI. †High MMSE score ≥20 and low MMSE score
<20 in AD and DLB. Multivariate models simultaneously included in all variables.
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Table 6
Relationship between dementia types and mild cognitive impairment, and death using a multivariable Cox proportional hazards model

(including APOE)

Variables MCI AD DLB
(n = 669) (n = 1,340) (n = 142)

HR 95% CI HR 95% CI HR 95% CI

Sex Female Ref Ref Ref
Male 2.70 1.66–4.37 3.39 2.72–4.23 2.99 1.73–5.17

MMSE High Ref Ref Ref
Low 1.65 1.03–2.63 1.55 1.20–2.00 2.59 1.34–5.02

Age, y 1.10 1.06–1.15 1.06 1.04–1.08 1.03 0.98–1.08
Education, y ≤9 Ref Ref Ref

>9 1.32 0.81–2.13 1.05 0.84–1.31 1.22 0.71–2.11
BMI, kg/m2 <18.5 Ref Ref Ref

18.5–<25.0 0.51 0.27–0.94 0.62 0.47–0.83 0.91 0.45–1.82
≥25.0 0.36 0.16–0.80 0.49 0.33–0.72 0.59 0.18–1.91

BADL Full Ref Ref Ref
Impaired 1.55 0.87–2.74 1.69 1.35–2.12 1.34 0.75–2.40

IADL Full Ref Ref Ref
Impaired 1.40 0.86–2.28 1.51 1.02–2.24 1.93 0.54–6.89

APOE �4 non-carrier Ref Ref Ref
�4 carrier 0.66 0.39–1.12 0.82 0.65–1.03 1.53 0.88–2.66

MCI, mild cognitive impairment; AD, Alzheimer’s disease; DLB, dementia with Lewy bodies; BMI, body mass index MMSE, Mini-Mental
State Examination; GDS, Geriatric Depression Scale; BADL, basic activities of daily living; IADL, instrumental activity of daily living;
APOE, apolipoprotein E. All variables were simultaneously included in each model.

the disease, patient care and feeding are difficult to
manage.

Cancer was the second leading cause of death in the
present study. The relationship between cancer and
dementia has been reported to be inversely associated
with relationship between cancer and AD because
of the competing risk [46]. However, these relation-
ships mainly observed the incidence of dementia in
patients with diagnosed cancer, and not the incidence
of cancer in patients with diagnosed dementia. Addi-
tionally, death in patients diagnosed with dementia
was not observed. Cancer is a leading cause of death
in the Japanese population; as most cancer deaths are
among older people (76% and 67% among men and
women, respectively) [47]; this may reflect an aged
society. Physicians need to pay attention to comorbid
cancer in advanced care when planning for demen-
tia in an aged society. Further studies are needed to
confirm these results.

In the present study, different prognostic factors
affected two types of dementia (AD and DLB) and
MCI. Some studies have reported that male sex and
older age were prognostic factors [3, 7, 12]. The effect
of low cognitive function as measured by the MMSE
was not consistently associated with mortality [7,
14]. The current results showed that male sex and
low cognitive function were associated with mortal-
ity regardless of the type of dementia. Male patients

with low cognitive function may require more care or
support.

In addition, a low BMI was associated with
mortality in patients with MCI and AD. Low nutri-
tional status (malnutrition and underweight) has been
reported to be associated with mortality in AD [48].
However, only a few studies have focused on this
relationship. Furthermore, the present results can be
considered acceptable if a low BMI is considered
representative of impaired physical function or sar-
copenia.

Moreover, APOE �4 carrier status was not asso-
ciated with mortality in MCI, AD, and DLB. APOE
�4 carrier status has been shown to lead to a high
incidence of AD [49] and DLB [50], but the effect
of APOE �4 on the risk of dementia and mor-
tality diminishes or disappears with advanced age
[51, 52].

This study has several strengths. We were able to
investigate various uniform scales for dementia types
at baseline and establish a comparison group (NC).
As the world’s population ages and the survival rates
of patients with dementia along with advances in
diagnostic and medical technologies improve, mor-
tality rates and causes of death are expected to change
over time. The present results are the latest study
findings from Japan, the most aged society in the
world.
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However, the study also has a few limitations.
First, as we collected death-related information via
a postal survey, information bias may exist. How-
ever, the accuracy of death and the day of death was
more than 90%. We believe that the information bias
was minimized as much as possible. Second, about
one-fourth of the questionnaires were not returned
or were invalidated for our survey, suggesting that
there may have been a selection bias. Previous studies
[53, 54] showed a response rate to mailed epidemio-
logic questionnaires from 40% to 56%, and the mean
response rate in social studies was 67%. Thus, since
the response rate of our study exceeds these rates, it
is an acceptable rate. Valid respondents were more
likely to be female and live with others, exhibit better
cognitive function, and have better ADL than non-
respondents and invalid respondents. As worsening
cognitive function and ADL result in high mortality,
our results could be underestimated. As the haz-
ard trends and prognostic factors in this study were
similar to those in previous studies, it would indi-
cate the robustness of our results. Third, the cause
of death options in our questionnaire was selective.
However, the selected cause of death was based on
major causes of death in Japan. As the “others” option
was freely written by close relatives who might be not
well-versed in medical knowledge, that information
was not necessarily accurate. Thus, it is necessary to
investigate official data, such as death certificates, to
determine the cause of death in the future. Fourth, NC
group may not be healthy because they sought care at
our center with an awareness of cognitive decline.
The results compared with NC may be underesti-
mated. Finally, as patients in this study were recruited
from a single center and older Japanese patients, the
generalizability of their findings would not be guaran-
teed. Further studies must generalize the results and
to capture changes in the progression of dementia
care.

In conclusion, in a Japanese national center cohort,
we compared mortality rates of patients with various
types of dementia and MCI to those of participants
with NC. The most common causes of death in
patients with dementia and MCI were pneumonia fol-
lowed by cancer. In the MCI, AD, and DLB, groups,
male sex and lower cognitive function were common
prognostic factors. APOE �4 status in patients with
the subtypes of dementia and MCI was not asso-
ciated with death. Our findings would be useful to
caregivers and health professionals as they provide
advanced care planning and would also be useful to
health policymakers as they make policies and plans

for national resources needed in the management of
dementia.
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Cuadrado ML, Eriksdotter M (2014) Mortality risk after
dementia diagnosis by dementia type and underlying fac-
tors: A cohort of 15,209 patients based on the Swedish
Dementia Registry. J Alzheimers Dis 41, 467-477.

[16] Connors MH, Ames D, Boundy K, Clarnette R, Kurrle
S, Mander A, Ward J, Woodward M, Brodaty H (2016)
Predictors of mortality in dementia: The PRIME Study. J
Alzheimers Dis 52, 967-974.

[17] Ohara T, Hata J, Yoshida D, Mukai N, Nagata M, Iwaki
T, Kitazono T, Kanba S, Kiyohara Y, Ninomiya T (2017)
Trends in dementia prevalence, incidence, and survival rate
in a Japanese community. Neurology 88, 1925-1932.

[18] Huh TH, Yoon JL, Cho JJ, Kim MY, Ju YS (2020) Sur-
vival analysis of patients with Alzheimer’s disease: A study
based on data from the Korean National Health Insurance
Services’ Senior Cohort Database. Korean J Fam Med 41,
214-221.
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