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Abstract
Objective: Cholinesterase inhibitors (ChEIs) can delay the progression of Alzheimer disease (AD). We previously
demonstrated a positive effect of donepezil (DNP) administration and a Special Nursing Home (SNH) replacement
on lifetime expectancy after the onset of AD. Recently DNP has been indicated for use in the treatment of dementia
with Lewy Bodies (DLB); however, the effect on lifetime expectancy remains unclear. Herein, we analyzed the effects
of DNP on DLB.
Methods: All outpatients at the Tajiri Clinic with available medical records and death certificates from 19992012 were included in this retrospective analysis. The entry criteria were a diagnosis of dementia based on DSM-IV
criteria and diagnosis of DLB using the international consensus criteria; medical treatment for more than 3 months
and follow up to less than 1 year before death.
Results: We identified 510 subjects based upon medical records and death certificates, of which 360 had a
diagnosis of dementia that met the entry criteria. Of 51 patients diagnosed with DLB, 23 had taken DNP and 28
patients had not undergone drug treatment due to treatment prior to the introduction of DNP in 1999 in Japan. The
lifetime expectancies after onset were 6.4 years in the DNP group and 3.6 years in the non-DNP group; with a
significant drug effect. However, in contrast with the previous AD data, no significant effect of SNH residency was
noted.
Conclusion: Although this report has the limitation that all analyses were retrospective and lacked randomization,
we found a positive effect of DNP on lifetime expectancy after the onset of DLB. The lower life expectancy compared
with that of AD and the lack of an effect of SNH residency suggest the cholinergic deficiency in DLB is greater than
that in AD.
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Introduction
Lifetime expectancy for patients with dementia, especially
Alzheimer disease (AD) directly influences medical and care service
needs and is a common question posed by families and patients. Brodaty
et al. [1] compared mortality and survival in dementia with estimated
lifetime expectancies in the general population. Survival after diagnosis
of dementia varies considerably and depends on numerous factors and
complex interactions among these factors. Relative loss of life expectancy
decreases with age at diagnosis and also depends on gender, dementia
subtype, and severity stage. A definitive meta-analysis of survival in
dementia is precluded by deficiencies in primary studies.
Following AD and vascular dementia (VaD), dementia with
Lewy Bodies (DLB) has been reported to be the third main cause of
dementia [2]. At present, there are no curative drugs for AD or DLB;
however, symptomatic drugs, such as cholinesterase inhibitors (ChEIs),
e.g. 1 donepezil (DNP), may delay progression (not biological but
symptomatic) of the disease. We previously reported that the visual
hallucinations manifested by DLB patients were also improved by DNP
[3]. This effect combined with psychosocial interventions such as reality
orientation and/or reminiscence approach may increase the quality of
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life (QOL) of patients likely among AD patients [4]. Beyond delayed
progression and increased QOL, the ultimate outcome of drug treatment
should be measured in terms of lifetime expectancy.
For such a long-term effect, we previously demonstrated a positive effect
of DNP administration and a Special Nursing Home (SNH) replacement on
lifetime expectancy after the onset of AD (without DLB) [5]. This may be due
to the decreased mortality rate caused by reduction of concomitant diseases
such as pneumonia. In the SNH, they can receive sophisticated psychosocial
interventions. For AD patients, the similar lifetime expectancies in patients
taking DNP at home and those not taking DNP in the SNH indicated a
positive health economic effect of the drug; however, the effect for DLB
is unclear. Herein, using the same database (1999-2012) with additional
database (2013-2017), we re-analyzed the effects of DNP administration
and/or SNH replacement on lifetime expectancy in DLB.
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Despite the retrospective design, this is the first long-term study of
the possible effect of DNP on the lifetime expectancy of patients with
DLB. We hypothesized that 1) the drug would exhibit a positive effect
on lifetime expectancy, and 2) that SNH residency would also exhibit
a positive effect. We analyzed DNP alone, because this drug has been
used since 1999 in Japan; whereas other drugs, such as galantamine
or memantine, have only been used since 2011, thus preventing us
from obtaining long-term data. The combined effect of DNP and SNH
residency was also analyzed.

DNP and SNH DNP and Non- Non-DNP and Non-DNP and
group
SNH group
SNH group Non-SNH group
N

12

11

14

14

Men/Women

2/10

4/7

2/12

4/10

Age (mean)

80.1

80.5

82.8

82.8

SD

8.7

6.4

6.3

6.7

DNP: Donepezil; SNH: Special Nursing Home
Table 1: Demographics for four groups.
DNP and SNH
group

DNP and
Non-SNH
group

Non-DNP and
SNH group

Non-DNP
and NonSNH group

N

12

11

14

14

Pneumonia

6

5

4

4

Consciousness loss

4

4

2

2

Aspiration choking

0

0

1

2

Sleep disturbance

0

0

1

1

Fracture

0

0

1

1

Cancer

0

0

1

1

Stroke

0

1

1

1

Heart diseases

2

1

2

2

Others

0

0

1

0

Methods
Subjects
All outpatients from their own homes or the SNH at the Tajiri Clinic
from 1999-2017 with available medical records and death certificates
were included in this retrospective analysis. The entry criteria were a
diagnosis of dementia based on DSM-IV criteria and diagnosis of DLB
using the international consensus criteria; medical treatment for more
than 3 months; and follow up until less than 1 year before death.

Dementia diagnosis
As described previously [5,6], diagnoses of the dementing diseases
were determined during a meeting of two neurologists, a psychiatrist,
and a geriatrician. Briefly, AD and VaD were diagnosed according to
the NINCDS-ADRDA and the NINDS-AIREN criteria, respectively
[7,8]. Dementia with Lewy bodies (DLB) and frontotemporal lobar
degeneration (FTLD) were diagnosed based on the respective consensus
criteria [9,10]. Other conditions were diagnosed in 20 patients, as
described previously [5,6].

DNP: Donepezil; SNH: Special Nursing Home
Table 2: Causes of death.

Written informed consent was obtained from each patient and from
the family of those with dementia at entry according to the Declaration
of Helsinki (1991). The study was approved by the ethical committee of
Tohoku University Graduate School of Medicine, as well as that of the
Osaki-Tajiri SKIP Center.

Analyses
The main outcome was lifetime expectancy (i.e., the number of
months between the onset of dementia and death). One-way ANOVA,
along with the covariance of age and sex, included the effects of SNH
replacement and DNP administration. Spearman’s correlations were
used to examine the relationship between DNP use and lifetime
expectancy.

Results
Ratio of DLB
We identified 510 subjects with medical records and death
certificates, of whom 360 had a diagnosis of dementia that met the
entry criteria. Among them, 14.2% (n=51) of patients diagnosed with
DLB; 23 had taken DNP and 28 patients had not received the drug due
to treatment prior to the introduction of DNP in 1999 in Japan. We
classified the subjects into four groups, i.e., the DNP and SNH group
(n=12), the DNP and Non-SNH group (n=11), the Non-DNP and
SNH group (n=14) and the Non-DNP and Non-SNH group (n=14).
Demographics for the groups are shown in Table 1.

Causes of death
Table 2 shows the causes of death of the DLB patients. Pneumonia
is the most main cause of death, followed by consciousness loss and
suffocation.
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Figure 1: Donepezil effect on lifetime expectancy in DLB.
DNP: Donepezil; DLB: Dementia with Lewy Bodies
The vertical line indicates life expectancy (months). There was a significant
drug effect (F=6.18; p=0.019) with a significant covariate effect of Special
Nursing Home residency (F=8.074. p=0.008) and Parkinsonism (F=7.734,
p=0.009). No other covariates reached a significant level (age: F=0.105,
p=0.748; gender: F=3.957, p=0.056; visual hallucination: F=1.354, p=0.254;
fall: F=0.862, p=0.362; typical antipsychotic drugs: F=2.347, p=0.136; atypical
antipsychotic drugs: F=0.153, p=0.698)

Lifetime expectancy
As Figure 1 shows, the lifetime expectancies after the onset were
6.4 years in the DNP group and 3.6 years in the non-DNP group, with a
significant difference. However, there was no significant covariate effect
of SNH residency. Other covariates did not reach a significant level.
Spearman’s correlation analysis revealed that the relationship
between the period of DNP use and lifetime expectancy was significantly
positive (biologically meaningful) in the patients, as illustrated in
Figure 2.
To demonstrate the difference between previous AD data [5] and
the current findings, data were classified by both DNP administration
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stimulated. Wattmo et al. [14] found that drug treatment maintained
higher self-supported levels of instrumental ADL. Rehabilitation also
leads to a long-term effect in decreasing mortality, and particularly
improves motor disability and ADL [15] and prevents aspiration
pneumonia [16]. Fourth, compared with living at home, there is better
management of therapy in a SNH, and finally, there was a better general
environment in a SNH (i.e., good temperature and nutrition).

Figure 2: Period of donepezil use and lifetime expectancy in DLB.
DLB: Dementia with Lewy Bodies
There was a significant Spearman correlation (Rs=0.462, p<0.0001) between
the period of donepezil administration (months, horizontal line) and life
expectancy (months, vertical line)

However, in contrast to the hypothesis, there was no significant
effect of SNH residency among the DLB patients. Taking into
consideration the result of lower life expectancy compared with
that of AD, the lack of an effect of SNH residency suggests that the
cholinergic deficiency in DLB might be greater than that in AD,
although the survival after diagnosis of dementia varies considerably
and depends on numerous factors and complex interactions among
these factors, as described earlier. We consider that the increase of
acetylcholine level approaching a healthy level in the brain might
influence the “energy level” of whole body and thus the biological
lifetime would be prolonged. Another possibility is that their
ADL score was maintained by the drug, and Parkinson syndrome
manifested by the disease did not affect the cause of death. Further
investigation is needed to clarify these points.

Cause of death

Figure 3: Donepezil and SNH effect on lifetime expectancy in DLB and AD.
DNP: Donepezil; SNH: Special Nursing Home; DLB: Dementia with Lewy
Bodies; AD: Alzheimer Disease

and SNH residency (Figure 3). Generally, the lifetime expectancies of
DLB groups were lower than those of AD for both DNP, as well as the
SNH groups. It is noteworthy that for AD, the expectancy of the DNP
group at home (i.e., Non-SNH) was similar to that of the non-DNP
group in SNH as reported previously (see the line “a”); however, the
DLB group did not exhibit any such SNH effect (see the line “b”).

Discussion
This study reported a positive effect of DNP administration but
no effect of SNH replacement on lifetime expectancy after the onset
of DLB.

Positive effect of DNP and negative effect of SNH residency
on lifetime expectancy
DNP may have a negative effect on aspiration pneumonia, due to
the side effect of nausea. Increased gastro-esophageal reflex may also
induce pneumonia. This suggests that the effect of DNP on lifetime
expectancy is not purely pharmacological. We previously reported [5]
that the positive effects of SNH residency on AD were probably due
to the following: First, DNP administration can improve psychomotor
speed or attention [11,12], which is consistent with the higher mortality
in older adults with lower perceptual speed [13]. Second, this improved
cognitive function can smoothly lead to psychosocial intervention, and
can increase the QOL. Third, their activities of daily living (ADL) are also
J Alzheimers Dis Parkinsonism, an open access journal
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Knowledge of the causes of death is of value in the terminal care of
patients with dementia. Cancer, heart disease, pneumonia, and stroke
remain the main causes of death among the whole Japanese population
(the Ministry of Health, Labor and Welfare 2016), but not in patients
with AD or DLB. Stroke and heart disease are vascular diseases that
are commonly accompanied by VaD. In contrast, respiratory failure
or pneumonia is common in patients with AD. In cases with clinical
and pathological diagnoses of dementia and a complete autopsy,
Brunnström et al. [17] reported that the two most common causes
of death were bronchopneumonia and ischemic heart disease, while
cancer was uncommon. Pneumonia as an immediate cause of death in
dementia may reflect a terminal stage in which patient care and feeding
is difficult to manage effectively.
Although the causes of death were not investigated for DLB, there
were several reports on those with Parkinson disease. Specifically, age
and inspired motor function [18], dementia and psychosis [19], were
related to the death. Our previous findings [5] that DNP administration
improved visual hallucination as a kind of psychosis manifested by DLB
patients may contribute the elongation of life expectancy.
Wada et al. [20] reported that the use of antipsychotics, the
presence of cerebrovascular disease in the basal ganglia, the severity of
dementia, and male gender were associated with aspiration pneumonia
in AD. However, our investigation of these factors did not support these
relationships among patients who did and did not take donepezil (data
not shown). Drugs, such as angiotensin-converting enzyme inhibitors,
have been reported to improve the swallowing reflex, thus preventing
the exacerbation of pneumonia [21]; however, we found no effect of
these drugs (data not shown). Thus the longer life expectancy in the
DNP group was considered to be due to DNP itself.

Limitation of the study
There appears to be a time bias in the data, in that patients not
treated with DNP were managed prior to the introduction of this drug
in Japan in the late 1990’s. However, the SNH we used in this study
provides sophisticated care for patients not changed over this time
period. I would say the NH environment in other countries than Japan
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might be less beneficial, more use of sedatives and antipsychotics, less
help with feeding and toileting, etc.
This report also has the same limitation as all retrospective analyses:
i.e., the lack of randomization. The small sample size should also be
re-investigated using a larger cohort. The evaluation of a drug effect is
essentially dependent on how patients are assigned to the drug or nondrug groups. However, observational studies can help in understanding
the associated effects of drugs, since the main bias is carefully
considered. We considered that there were no remarkable differences
between the DNP and Non-DNP groups with respect to social status,
i.e., economic status, or family support. Indeed, the patients were all
residents in Tajiri, a typical agricultural town, where they were born,
grew up, and got married in the same area. All men analyzed were
farmers and all women analyzed were housewives, exhibiting similar
life styles. This unique, “pure” social status can exclude the possible
confounding effects of social factors.

Conclusion
Although this report has the limitation that all analyses were
retrospective and lacked randomization, we found a positive effect of DNP
on lifetime expectancy after the onset of DLB. The lower life expectancy
compared with that of AD and the lack of an effect of SNH residency
suggest the cholinergic deficiency in DLB is greater than that in AD.
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