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CHAPTER 1. PREFACE



CHAPTER 1. PREFACE

I. Backgrounds

The growing aged population is a critical social issue worldwide. In Japan, the

ministry of Health, Labour and Welfare (MHLW)- Japan estimated that the people aged

> 65 yr. would leach approximately 40% of total population in 2055 [MHLW, 2014].

Aging is not only an immediate personal issue but also a salient factor in public health

and medical care concerns. The enhancements of policy making for caring older adults

and the clinical practice on any healthcare settings have been challenging.

Dementia is increasingly becoming a major healthcare challenge as the

population ages [Ferri CP, et al., 2005]. In globally, the World Health Organization

(WHO) currently estimated that the number of people living with dementia worldwide

is 47.5 million and is predicted to increase to 75.6 million by 2030 [WHO, 2016]. In

Japan, it has been estimated that the 4.6 million of individuals have been facing to

dementia and its number would increase to over 7 million in 2025 which is the 20% of

population aged >65 yrs. [MHLW, 2012].

Dementia is a condition in which there is progressive deterioration in cognition

that affects daily function including memory, thinking, and the ability to perform
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activities of daily living [Todd S, et al., 2013; Anderson K, et al., 1997]. It is an

umbrella term that occurs when the brain is affected by certain diseases or conditions.

Since a first case of Alzheimer’s disease (AD) was reported in 1907 [Alzheimer A.

(Translated by LJ and HG), 1987], currently, many different types of dementia were

determined. Some are far more common than others. In Japan, AD is the most common

subtype of dementia [lkejima C, et al., 2012; Matsui Y, et al., 2009] and is called three

major subtypes of dementia together with dementia with Lewy bodies (DLB), and

Vascular dementia (VaD). Those three major subtypes of dementia encompass

approximately 90% of the total population of dementia in Japan [Akatsu H, et al., 2002;

Kosaka K, et al., 1999]. However, in terms of DLB, it has been only forty-years after

the first report on the pathology of DLB by Kosaka et al [Kosaka K, et al., 1976]. The

detailed pathophysiology of DLB has not yet been fully understood [McKeith IG, et al.,

2000; Lopez OL, et al., 2002]. The additional studies on DLB are urgently required.

Clinical diagnosis of subtypes of dementia is important because of the

differences in disease prognosis and management of mental and functional disorder. The

confirmation of subtypes of dementia requires ultimately the neuropathological

examination based on the autopsy. The inaccuracy of clinical diagnosis of dementia as

well as discrepancies between death certificate and autopsy-confirmed diagnoses on



subtypes of dementia has been well documented [Attems J, et al., 2004; Fu C, et al.,

2004; Kannoun S, et al, 2000; Kukull WA, et al., 1994; Osbye T, et al., 1999].

Persons with dementia tend to die at an earlier age compared persons without

dementia [Todd S, et al., 2013; Maregoni A, et al., 2011]. The previous study indicated

the varied time from dementia onset to death (survival-time) among subtypes of

dementia [Stubendorff K, et al., 2011; MacKhann G, et al., 1984; Cercy SP, et al., 1997].

The comparison of survival-time between AD and DLB were controversial; faster

[Olichney JM, et al., 1998], slower [Stavitsky K, et al., 2006] or no difference [Helmes

E, et al., 2003; Ballard C, et al., 2001; Williams MM, et al., 2006; Lopez OL, et al.,

2000].

Pneumonia is one of the major frightened infectious disease which associate to

mortality and morbidity in older adults [Janssens JP, et al., 2004]. The previous studies

indicated that dementia is one of the risk factors for occurring pneumonia [Manabe T, et

al., 2015; Taylor JK, et al., 2013]. Several studies also reported an association between

dementia and increased risk of death from pneumonia [Fu C, et al., 2004; Kannoun S, et

al, 2000; Kukull WA, et al., 1994; Inagaki T, et al., 1992]. Pneumonia can be a primary

cause of mortality in patients with dementia, while cardiovascular disease and

neoplasms are common in the general population [Fu C, et al., 2004; Kukull WA, et al.,



1994; Attems J, et al, 2005]. A meta-analysis indicated that the odds of

pneumonia-associated mortality were increased more than two fold in patients with

dementia than those without dementia [Foley NC, et al., 2015]. However, the disease

progression of dementia with and without pneumonia have not been previously

elucidated. In addition, the factors relating to the survival-time on patients with

dementia who complicated with pneumonia have remained unclear.

Although the examinations for effects of pneumonia both for mortality and

morbidity in older adults with dementia is crucial, the results among previous studies

concerning to survival-time, frequency of pneumonia complication and

pneumonia-associated mortality on patients with dementia have varies and have not

been fully elucidated. It can be hypothesized that these differences may result from the

heterogeneity among the studies including the cause of death (underlying or immediate),

the method used to obtain the cause of death (autopsy or death certificate), the subtypes

and severity of dementia, and the study design (population-based cohort, observational

in a hospital, or community-based).

Il. Objectives

The aim of the present study was elucidating the effects of pneumonia for the



disease prognosis and prognostic factors on neuropathologically confirmed patients with

different subtypes of dementia. In order to achieve thestudy objectives, three studies

have been conducted. The purpose on each study were: (Study 1) to describe the cause

of death; (Study 2) to evaluate and compare the survival-time (time from the dementia

onset to death) among patients with AD, DLB, and VaD, and to assess prognostic

factors on patients with AD, DLB, and VaD; (Study 3) to examine the survival-time and

prognostic factors on patients with DLB.

Findings from this study would be the important implications for present and

future clinical managements on patients with dementia for maximizing their

life-expectancies.

I1l. Frameworks

Frameworks of the present study is as follows: (Fig. 1-1)

STUDY 1.

Study 1 observed the general and clinical characteristics of study patients including

frequency of pneumonia complication and examined the cause of death on patients with

Alzheimer’s disease (AD), Dementia with Lewy bodies (DLB), and vascular dementia

(VaD). The effect of pneumonia complication to their cause of death, especially to
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pneumonia-associated mortality was compared among AD, DLB, and VaD.

STUDY 2.

Study 2 examined the survival-time on patients with AD, DLB, and VaD and compare

its differentiations among subtypes of dementia.

Study 2 also assessed the prognostic factors to the survival-time on patients with AD,

DLB, and VaD.

STUDY 3.

Study 3 examined the time from dementia onset to mortality (survival-time) and the

prognostic factors on patients with DLB.

DISCUSSION

Following to the aim of the study, the disease prognosis of patients with dementia

complicated pneumonia were comprehensively discussed based on outcomes on the

above three studies and related issues.
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CHAPTER 2. LITERATUR REVIEWS AND CONCERNING ISSUES

In this chapter, trends and concerning issues for conducting clinical study on

disease prognosis on dementia together with pneumonia would be summarized.

I. Dementia

Dementia is one of the major causes of disability and dependency among older

people worldwide. In globally, the WHO reported that 47.5 million people have

dementia and there are 7.7 million new cases every year [WHO, 2015]. In Europe, the

prevalence of dementia ranged from 0.9% at age 65 — 69 years to 40.7% at 90 years and

over with an incidence of 63.5 per 1,000 persons/year at 90 years of age and older [Ott

A., et al. 1995]. In Japan, the prevalence of dementia according to 5-year age strata

between 65 and 99 years was 5.8 — 77.7 % [lkejima C, et al. 2012]. Thus, dementia is

increasingly taking an important role on healthcare as the population ages in globally

[Ferri CP, et al. 2005].
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Dementia includes a group of related neurodegenerative disorders which caused by

physical changes and accumulations of abnormal proteins in the brain. It is defined as

chronic deterioration of intellectual function and cognitive skills significant enough to

interface with the ability to perform daily activities. The main features of dementia are

reduced cognitive ability, neurological and psychiatric symptoms, and functional

disability [Fermandez M, et al., 2010]. Dementia also brings impacts on caregivers,

families and societies.

Since a first case of Alzheimer’s disease (AD) was reported in 1907 by Alzheimer

[Alzheimer A. (Translated by LJ and HG), 1987], the researches on dementia has been

expanding. Currently, there are many different forms of dementia were found, while

some are far more common than others. Alzheimer’s disease is the most common cause

of dementia. The forms and affected areas of accumulating abnormal proteins cause the

various subtypes of dementia. They also lead to clinical symptoms and disease

progressions on patients with dementia. Therefore, a diagnosis of dementia can only be

confirmed by neuropathological-autopsy.
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A. Alzheimer’s disease (AD)

Alzheimer’s disease (AD) is a neurodegenerative disorder that causes an

insidious decline in cognitive function. AD is the most frequent cause of dementia

which covers approximately 50% of all dementia patients in Japan [Mhlw. 2014]. In the

US, a study estimated that there were 4.7 million individuals aged 65 years or older with

AD dementia and the total number of people with AD dementia in 2050 is projected to

be 13.8 million, with 7.0 million aged 85 years or older [Herbert LE, et al., 2013]. A

diagnosis of AD can be confirmed the detection of extracellular plaques containing A}

peptides and intracellular neurofibrillary tangles (NFT) composed of the

neuron-enriched, microtubule-associated protein (MAP), tau. The classic hallmarks are

progressive deterioration of memory, language, and intellect. AD is associated with an

increased mortality [M0lsa PK, et al., 1986]. Sleep and circadian rhythm disorders are

clearly more frequent in AD than in the general population, and it has been reported that

up to 45% of patients may have sleep problems [Pistacchi M, et al., 2014; Moran M, et

al., 2005]. The greatest risk factor for AD is age and the chances of developing the

disease increases two-fold every 5 years after age 65. As Sleep-related breathing

disorders (SRBDs) are very frequent in AD patients and in this group are clearly more

prevalent than in the general population [Ancoli-Ysrael S, et al., 1991].
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B. Dementia with Lewy bodies (DLB)

Dementia with Lewy bodies (DLB) is the second most common degenerative

dementia disorder, after Alzheimer’s disease (AD) together with vascular dementia

(VaD). The first autopsied case of DLB was reported in 1976 by Kosaka et al [Kosaka K,

et al., 1976] and proposed the term in 1980 [Kosaka K, et al. 1980]. Currently, it covers

10 — 20% of total population of dementia in Japan. DLB is characterized

neuropathologically by the presence of Lewy bodies (LB), containing a—syncline, in the

brainstem and the cerebral cortex of patients [Kosaka K, et al., 1984; Perry RH, et al.,

1990]. The course of DLB starts with a primary lesion usually in the cerebral cortex and

the brainstem, and may also spread to the peripheral autonomic nervous system

[Horimoto Y, et al., 2003]. DLB presents the various neurological disorders including

repetitive consciousness. The core clinical features of DLB are fluctuating cognitive

dysfunction, visual hallucinations, and Parkinsonism. Autonomic dysfunctions are also

commonly observed in patients with DLB [Yoshita M, et al., 2015]. Severe cardiac and

circulatory autonomic dysfunction [Horimoto Y, et al., 2003; Allan LM, et al., 2007]

occurs in DLB as well as respiratory dysfunction [Mizukami K, et al., 2009;].

Pneumonia is a common complication in patients with DLB patients [Lai EC, et al.,
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2015; Yamamoto T, et al., 2010], and is the major cause of death [Hishikawa N, et al.,

2003]. A decreased ventilator response to hypercapnia due to respiratory autonomic

dysfunction [Mizukami K, et al., 2009] might contribute the disease progression of DLB

complicated with respiratory infection.

It has been only 40 years since the first autopsy case of DLB was reported from

Japan. The pathophysiology of DLB has not yet been fully elucidated and the diagnostic

accuracy remains various [McKeith IG, et al., 2000; Lopez OL, et al., 2002].

C. Vascular dementia (VaD)

Vascular dementia (VaD) is the second largest cause of dementia in the older

adults, representing 15-20% of all cases of dementia worldwide. VaD often contribute to

cognitive impairments in AD and other forms of so-called “mixed dementias” [Langa

KM, et al., 2004]. VaD is results from ischemic or hemorrhage cerebrovascular diseases,

or hypoperfusive ischemic cerebral injury resulting from cardiovascular and circulatory

disorders [Roman GC, et al., 1993]. The high prevalence of VaD in older adults is a

reflection of the fact that stroke and ischemic heart disease are the two leading cause of

morbidity and mortality in older adults [Roman GC, et al., 2002]. There are no

pathological criteria for the diagnosis of VaD, unlike AD or DLB. Cognitive changes in
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VaD are much more variable than in other forms of dementia, and are dependent on the

particular neural substrates affected by the vascular pathology. Symptoms of VaD

include memory loss and difficulties with thinking, problem-solving or language. There

is a substantial overlap in neuropsychiatric features between AD and VaD, with a very

high burden of all symptoms in both subtypes. Although average rate of cognitive

decline are similar in VVaD and AD, VaD has largely mortality because of cardiovascular

and cerebrovascular causes. The reported mean survival was 3-5 years [Kua EH, et al.,

2014].

D. Other subtypes of dementia and neurodegenerative diseases

Other than AD, DLB and VaD, currently, there are various subtypes of

dementia are founded including Fronto-temporal dementia (FTD), progressive

supranuclear palsy (PSP), Argyrophilic grain disease (AGD), along with the expansions

of the scientific researches and elucidation on mechanism of dementia and

neurodegenerative diseases.

PSP is a disorder of tau protein aggregation and is first described as a distinct

disorder from Parkinson’s disease in 1964 [Nagami A., et al., 2015]. At least half of the

patients with PSP exhibit the classic bradykinesia with disproportionate postural
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instability, erect posture with nuchal rigidity, frontal behavioral and cognitive changes,

vertical gaze palsy, and other disabling brainstem deficits. Nonmendelian genetic risk

factors exist, but PSP is almost entirely sporadic, with a prevalence of five to six

persons per 100,000, mean onset age of 63, and median survival of 7 years [Golve LI.

2014].

AGD is a common neurodegenerative disease of older adults characterized by

the presence of argyrophilic grains (Ags) together with pre-tangle neurons contain

hyperphosphorylated 4R tauopathy. AGD was first described by Braak H and Braak E in

1987 and was characterized by Ags in the entorhinal Cortes, hippocampus, amygdala

and neighboring temporal cortex in patients who had suffered from adults onset

dementia [Braak H, et al., 1987]. In patients with AGD, behavioral abnormality changes

and emotional and mood imbalance have been noted [Braak H, et al., 1998]. Togo et al

also showed that amnesia, irritability and agitation, followed by delusions, dysphoria

and apathy in older AGD patients who admitted to geriatric wards of mental hospitals

[Togo T, et al., 2005]. There is no specific test for a clinical diagnosis of AGD. AGD

and AD may occur in the same individual. Currently, the cause of AGD is still not

known and AGD is still a poorly understood neurological disorder.

FTD is a neurodegenerative disorder characterized by behavioral abnormalities,
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language impairment, and deficits in executive functions [Seelaar H., et al., 2010]. FTD

is also characterized by early stages, usually named mild cognitive impairment (MCI),

that are still not completely characterized. The diagnosis of FTD can be difficult

because of its insidious and gradual onset, Misdiagnosis is common, and FTD is often

mistaken for as Alzheimer’s disease (AD) [Rankin KP, et al., 2004; Walker AJ, et al.,

2005].

Il. Cause of death and pneumonia-associated mortality on patients with dementia

and the difficulties for their evaluations

Dementia covers a wide range of symptoms and encompasses a group of related

neurodegenerative disorders. Therefore, many factors including comorbidities relating

to mortality are likely to co-exist. Although cardiovascular diseases and neoplasms are

more frequent causes of mortality in the general population, patients with dementia tend

to die more often from infections, including pneumonia. In fact, the previous studies

cited pneumonia as the most common cause of mortality in patients with dementia

[Kukull WA, et al., 1994; Todd S, et al., 2013; Kammoun S, et al., 2000; Chamandy N,

et al., 2005; Brunnstrom HR, et al., 2009; Fu C., et al., 2004]. However, in the previous

studies, the frequency of pneumonia-associated mortality in subjects with dementia
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varies and ranges from 12% to 70% [Magaki S, et al., 2014; Attems J, et al., 2005;

Kukull WA, et al., 1994; Todd S, et al., 2013; Kammoun S, et al., 2000; Chamandy N, et

al., 2005; Brunnstrom HR, et al., 2009; Fu C., et al., 2004]. These different frequencies

of pneumonia-associated mortality among studies were shown in Table 2-1. These

differences may be caused by the heterogeneity among these studies including the cause

of death (underlying or immediate), the method used to obtain the cause of death

(autopsy or death certificate), the subtypes and severity of dementia, and the study

design (population-based cohort, observational in a hospital, or community-based).

I11. Time from dementia onset to mortality (survival time) on patients with

dementia

The reported times on the time from dementia onset to mortality (survival time)

of dementia was varied and different among the subtypes of dementia. In patients with

AD, a study resulted the mean survival time after diagnosis of AD were 8-12 years

[McKhann G, et al., 1984]. The other retrospective study in AD resulted the median

survival from initial diagnosis was 4.2 years for men and 5.7 years for women [Larson

EB, et al.,, 2004]. In patients with DLB, a meta-analysis resulted that mean illness

durations in DLB were 1.8-9.5 years [Cercy SP, et al., 1997]. Previous reports indicated
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the varied survival time on each subtype of dementia patients [Stubendorff K, et al.,

2011; MaKhann G, et al., 1984]. The comparison of survival time between AD and

DLB were controversial; faster [Olichney JM, et al., 1998], slower [Stavitsky K, et al.,

2006] or no difference [Helmes E, et al., 2003; Ballard C, et al., 2001; Williams MM, et

al., 2006; Lopez OL, 2000].

One of the reasons of these differences survival times of AD and DLB might

cause the heterogeneity among studies that mentioned in previous section. The most

previous studies involved the lack of autopsy confirmation for the subtype of dementia.

The survival time on patients with dementia complicated with pneumonia has rarely

evaluated previously.

I\VV. Pneumonia in older adults

Pneumonia is a leading cause of hospitalisation and mortality among older

adults, particularly those aged >85 years [Kaplan V, et al., 2002; Loeb M, et al., 1999].

Aging associated with a progressive decrease in lung performance. In addition, the

various comorbidities on alder adults affects to their respiratory systems. In a previous

study indicated that the mortality rate for older patients with community-acquired

pneumonia (CAP) was high as 30% and nursing-home acquired pneumonia (NHAP)

may reach 57% [EI-Solh AA, et al., 2000]. The diagnosis of pneumonia in this age
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group is often delayed because of the frequent absence of fever, the absence of cough,

and changes in mental status. Hospitalization for CAP is also an indicator of adverse

prognosis in older patients. A population based case-control study resulted that 1-year

mortality in CAP vs. the control population in hospital were 41 % vs. 29%, respectively

[Kaplan V, et al., 2003].

There were various factors relating to develop pneumonia in older adults were

previously reported. Dementia is the one of the factors [Manabe T, et al., 2015].

Pneumonia is also a major cause of death in older adults with dementia [Magaki S, et al.,

2014; Attems J, et al., 2005; Kukull WA, et al., 1994; Todd S, et al., 2013; Kammoun S,

et al., 2000; Chamandy N, et al., 2005; Brunnstrom HR, et al., 2009; Fu C., et al., 2004] .

A meta-analysis indicated that the odds of pneumonia-associated mortality were

increased more than two fold in subjects with dementia than those without dementia

[Foly NC, et al., 2015]. There are many therapeutic guidelines for CAP and

healthcare-associated pneumonia (HCAP) [ATS/ISDA. 2005; JRS. 2006; JRS. 2009].

The American Thoracic Society and Infectious Diseases Society of America have

proposed guidelines on HCAP that cover CAP and HCAP, including for patients in

nursing homes [ATS/ISDA. 2005]. HCAP in the United States is mostly characterised

by infection with multidrug-resistant pathogens. HCAP and nursing and
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healthcare-associated pneumonia (NHCAP) in Japan are rarely related to

multidrug-resistant pathogens, and have a worse clinical outcome than those in CAP

due to comorbidity related to dysphagia or aspiration [Polverino E, et al., 2013;

Fukuyama H, et al., 2013]. Several studies have indicated that 7-24% of CAP is due to

aspiration [Marrie TJ, et al., 1990; Leroy O, et al., 1997]. A report in Japan indicated

that over 60% of hospitalised patients with CAP can be diagnosed with aspiration

pneumonia [Teramoto S, et al., 2008]. Aspiration pneumonia increases with age and if

patients live in nursing homes [Muder RR, et al., 1998].

Along with the rapid growth of high aging society, the places for providing

medical care for old adults would be expanding as well as place to live. Unless diseases

and cognitive disorders affected, the respiratory system remains capable of maintaining

adequate gas exchange during the entire life span. The attention for managing

pneumonia on older adults with dementia needs to be straightened.
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CHAPTER 3.

Cause of death and its comparison among patients with Alzheimer’s
disease, dementia with Lewy bodies, and vascular dementia (Study 1)

25



CHAPTER 3. Cause of death on patients with dementia

In this chapter, the effect of pneumonia complication to disease mortality was

discussed based on the examination for the cause of death on patients with dementia and

the differentiations of causes of death among Alzheimer’s diseases (AD), Dementia with

Lewy Bodies (DLB), and Vascular dementia (VaD).

I.  Objectives

Dementia is a major predictor of death together with other age-associated conditions

[Baldereschi M, et al., 1999]. Several study indicated that dementia contributes the

shortness of life spam [Todd S, et al., 2013]. However, patients’ cognitive decline does

not always reflect the duration or time course of dementia. Pneumonia is common

infection and lead to mortality in older adults with dementia [Magaki S, et al., 2014;

Attems J, et al., 2005; Kukull WA, et al., 1994; Todd S, et al., 2013; Kammoun S, et al.,

2000; Fu C., et al, 2004]. A meta-analysis indicated that the odds of

pneumonia-associated mortality were increased more than two fold in subjects with

dementia than those without dementia [Foly NC, et al., 2015]. However, in the previous

studies, the frequency of pneumonia-associated mortality in patients with dementia
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varies and ranges from 12% to 70%. These differences may result from the
heterogeneity of the studies including the cause of death (underlying or immediate), the
method used to obtain the cause of death (autopsy or death certificate), the subtypes and
severity of dementia, and the study design (population-based cohort, observational in a
hospital, or community-based).

The aim of the present study was to evaluate the cause of death, both as the
underlying and immediate cause for evaluating how pneumonia-associated mortality
affected in patients with autopsy-confirmed dementia. It also compared the cause of

death among the different subtypes of dementia: AD, DLB, and VaD.

1. Methods

A. Study design and subjects

The present study was a retrospective observational study. The study site was Choju
Medical Institute, Fukushimura Hospital in Toyohashi, Japan, which mainly specializes
in psychogeriatrics, neurology, internal medicine, and surgery including the
Neuropathological research center [Akatsu H, et al., 2002]. The study subjects were
hospitalized and deceased patients between January 2005 and December 2014. All
patients had brain autopsies in the Neuropathological research center at the study site.

The data relating to the general and clinical backgrounds of the patients, clinical time
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courses, clinical conditions on patients during the hospitalization including swallowing
dysfunction, nosocomial infections, percutaneous endoscopic gastrostomy (PEG),
medications, and results of neuropathological examinations were collected from the
patients’ charts, medical reports, and autopsy reports with the results of
neuropathological examinations was collected. From the all autopsied cases during the
observational period, the patients with neuropathological diagnosis of AD, DLB, or
VaD by the specialized pathologists and neurologists were selected for the present study.
The cases co-existed both with AD and vascular pathology (i. e. mixed dementia) were

considered to have AD.

B. Diagnosis and definitions

Two investigators independently reviewed the data with masked clinical
diagnoses written by the physician in charge to ensure the accurate subtype of dementia
and cause of death. The cause of death, subtype of dementia, and other variables were
extracted into predesigned data collection forms. We verified the accuracy of the data by
comparing the collection forms from each investigator. Any discrepancy was resolved
by discussion.

The complication of pneumonia was repetitive pneumonia during the
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hospitalization once and over based on the diagnosis criteria of guidelines for the

management of hospital-acquired pneumonia in adults by the Japanese Respiratory

Society [JRS 2009].

The immediate cause of death was defined as the final disease, injury, or

complication directly causing death. The underlying cause of death was defined as the

disease, injury, or corresponding circumstances that initiated the chain of events

ultimately leading to death [Brunnstrom HR, et al., 2009].

C. Statistical analysis

The data relating to the general and clinical backgrounds of the patients,

clinical time courses including time to death from dementia onset, time to hospital

admission from dementia onset and time to death from hospital admission, and causes

of death were summarized and compared among groups of each subtype of dementia.

The Kruskal-Wallis tests were used for continuous variables, and the Chi-squared and

Fisher’s exact tests were used for categorical variables. Data analyses were conducted

using SPSS Statistics 22.0 (IBM, Armonk, NY, USA). For all analyses, significance

levels were two tailed, and p<0.05 was considered significant.
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D. Ethics

The study was approved by the Institutional Review Boards of the University

of Tsukuba and Choju Medical Institute, Fukushimura Hospital. Written informed

consent was obtained from patients’ relatives.

I11. Results
A. General characteristics of patients Alzheimer’s disease (AD), dementia with

Lewy bodies (DLB), and vascular dementia (VaD)

During the observation period, a total of 261 patients died and were autopsied

at Fukushimura Hospital (Fig. 3-1). After excluding the patients who died within 1 week

of an emergency visit to the hospital and who did not have data available, a total 230

patients were included in the study. Among them, the total 157 patients who determined

AD, DLB and VaD by neuropathological diagnoses were eligible in the present study

patients. The numbers of each subtype of dementia were 63 AD (40.1%), 42 DLB

(26.8%), and 52 VaD (33.1%).

The general characteristics of the patients with AD, DLB, and VaD are shown

in Table 3-1. While more female patients were seen in AD and DLB, more male patients

were observed in VaD than female. The age of dementia onset in VaD tended younger

than those in AD and DLB, but no significant difference among the subtype of dementia.
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The high incidence of pneumonia complication was seen in all three subtypes of

dementia with no significant difference among the three groups. DLB presented the

highest incidence (90.5%) of pneumonia complication. Cerebral infarction including

asymptomatic condition was pathologically found 82.7% of patients in VaD and it was

also seen in AD and DLB with the high incidence. The major comorbidities were

hypertension and diabetes mellitus, especially in patients with VaD.

B. Causes of death in patients with dementia

The underlying and immediate causes of death were examined and compared

among the subtypes of dementia (Table 3-2).

Although the causes of death in dementia patients were varied, pneumonia was

the greatest underlying and immediate cause of death, which presented 49.2% of AD

patients in the underlying cause of death (p=0.001) and over 50% of AD and DLB

patients in the immediate cause of death (p=0.007) with the significant difference

among the subtypes of dementia. More patients had respiratory failure as the immediate

cause of death in VaD and DLB than in AD (p=0.056). Renal failure was the second

highest immediate cause of death in VaD with a significant difference among the

subtypes (p=0.046). Sudden death only presented in DLB as an immediate cause of
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death.

IV. Discussions

Although differentiation between the clinical diagnosis of dementia and the

judgment of post-mortem diagnosis has been discussed [Snowden JS, et al., 2011], the

most previous studies involved the lack of autopsy confirmation for the subtype of

dementia. In the present study, the subtypes of dementia was neuropathlogically

diagnosed and compared among AD, DLB and VaD. The present study revealed that

patients with all three major subtype of dementia complicated with pneumonia with

high incidence. Especially, over 90% of patients with DLB had pneumonia complication

during the hospitalization. This was the compatible results with the several

investigations that indicated a high proportion of pneumonia in subjects with dementia

has been reported [Magaki S, et al., 2014; Attems J, et al., 2005; Kukull WA, et al.,

1994; Todd S, et al., 2013; Kammoun S, et al., 2000; Brunnstrom HR, et al., 2009; Fu

C., et al., 2004]. Along with the high proportion of pneumonia, approximately 50% of

patients in AD, DLB, and VaD presented the swallowing dysfunctions. This is thought

to be caused by lesions in diffuse areas of the brain, resulting in disorders in cognition

and changes in oral, pharyngeal, and laryngeal functions [Suh MK, et al., 2009]. A study
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indicated that subjects with dementia usually develop swallowing dysfunctions during

the course of the illness, commonly in the advanced stage of dementia [Feinberg MJ, et

al., 1992]. Most of the patients were at the terminal stage and their cognitive

impairments might be often severe. Swallowing dysfunctions may start as a chain of

events leading to developing pneumonia. A study indicated [Wada H, et al., 2001] that

the mid-stage of AD may result in aspiration pneumonia due to silent dysphagia. It can

be speculated that the majority of the pneumonia complication was due to aspiration

pneumonia.

In the comparison among AD, DLB and VaD, cerebral infarction and

hypertention were more common comorbidity in VaD than in AD and DLB. VaD is a

progressive disease that is caused by reduced cerebral blood flow supplying the brain,

and may associate with some types of cerebral events [Venkat P, et al., 2015]. The

proportions of other comorbidities were similar among three major subtypes of

dementia.

Pneumonia and heart failure were the main cause of death on dementia patients

both in immediate and underlying cause of death which was the compatible results with

the previous autopsy studies [Attems J, et al., 2005; Brunnstrém HR, et al., 2009]. As

the comparison between underlying and immediate cause of death on each subtype of
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dementia, although the main cause of death in patients with DLB was heart failure as

the underlying cause of death, but was pneumonia in the immediate cause of death

(Table 3-2). Severe cardiac and circulatory autonomic dysfunction [Yoshita M, et al.,

2015; Allan LM, et al.,, 2007; Mizukami K, et al., 2009] as well as respiratory

dysfunction [Mizukami K, et al., 2009] occurs in DLB, but not in AD. It has been

thought that pneumonia results in further aggravation of cardiac and circulatory

dysfunction in patients with DLB while once they reach the terminal stage, pneumonia

can lead to mortality, due to decreasing ventilator response to hypercapnia [Mizukami K,

et al., 2009].

In the present study, it was unable to evaluate the cause of death in patients

without dementia. This was a limitation of this study and further study requires the

comparison between patients with and without dementia.

V. Conclusion

In conclusion, pneumonia incidence was high in three different autopsy

confirmed subtypes of dementia. Pneumonia and heart failure were the main cause of

death both in immediate and underlying cause of death. These results warrant the further

study including the comparison with non-dementia patients.
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Influences of pneumonia complication on the prognosis in patients with
autopsy confirmed Alzheimer’s disease, dementia with Lewy bodies,

and vascular dementia (Study 2)
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CHAPTER 4. Influences of pneumonia complication on the prognosis in patients
with autopsy confirmed Alzheimer’s disease, dementia with Lewy bodies, and

vascular dementia

In this chapter, influences of pneumonia complication on the survival-time in
patients with autopsy confirmed Alzheimer’s disease, dementia with Lewy bodies, and

vascular dementia have been discussed.

I. Objectives

Dementia is becoming an illness of major concern in the aging population
globally. Although there is an individual variability in the clinical course, dementia
decreases people’s life expectancy [Alzheimer's Association, 2013; Lobo A, et al., 2000;
Meguro K, et al., 2002]. The primary cause of death in dementia patients is pneumonia,
while cardiovascular disease and neoplasms are more common in the general population
[Magaki S, et al., 2014; Brunnstrom HR, et al., 2009; Fu C., et al., 2004]. A recent
meta-analysis indicated that the odds of pneumonia-associated death were increased in
persons with dementia [Foly NC, et al., 2015]. Although there were few reports

investigating the association between respiratory function and dementia [Vidal JS, et al.,
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2013; Pathan SS, et al., 2011; Guo X, et al., 2007], a current UK study demonstrated an

association between forced expiratory volume in 1 second (FEV;) and dementia-related

death [Russ TC, et al., 2015]. It can hypothesize that if deterioration in pulmonary

function contributes to death in dementia, dementia patients who develop pneumonia

would have shorter life spans than those without pneumonia. Understanding the

influence of pneumonia on clinical time course of dementia is crucial forpredicting the

remaining life in patients with dementia and would contribute to develop the optimal

clinical management of dementia.

Currently, there are three major subtypes of dementia: Alzheimer’s disease

(AD); dementia with Lewy bodies (DLB); and vascular dementia (VaD). These

encompass approximately 90% of the total dementia population in Japan [Akatsu H, et

al., 2002]. However, the previous study indicated the varied survival-time on each

subtype of dementia [Stubendorff K, et al., 2011; MacKhann G, et al., 1984; Cercy SP,

et al., 1997]. The comparison of survival time between AD and DLB were controversial;

faster [Olichney JM, et al., 1998], slower [Stavitsky K, et al., 2006] or no difference

[Helmes E, et al., 2003; Ballard C, et al., 2001; Williams MM, et al., 2006; Lopez OL,

et al., 2000].
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The disease progression of AD, DLB, and VaD with and without pneumonia has not
previously been elucidated and remained unclear. However, some discrepancies
between the clinical and neuropathological diagnoses of each subtype of dementia
sometimes make it difficult to interpret the results of such studies [Magaki S, et al.,
2014].

The aims of the present study were to examine the survival time in AD, DLB,
and VaD, with and without pneumonia and to determine the risk factors on the time

from dementia onset to death.

I1. Methods
A. Study design and subjects

The retrospective study was conducted at the Choju Medical Institute,
Fukushimura Hospital in Toyohashi, Japan, which mainly specializes in
psychogeriatrics, neurology, internal medicine, and surgery including the
Neuropathological research center. The data were collected from patients’ charts,
medical reports, and autopsy reports with the results of neuropathological examinations,
on hospitalized and deceased patients between January 2005 and December 2014. All

patients had brain autopsies in the Neuropathological research center at the study site.
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Data relating to the general and clinical backgrounds of the patients, clinical time

courses, clinical conditions on patients during the hospitalization including swallowing

dysfunction, nosocomial infections, percutaneous endoscopic gastrostomy (PEG),

medications, and results of neuropathological examinations was collected.

From the all autopsied cases, the patients with neuropathological diagnosis of

AD, DLB, or VVaD by the specialized pathologists and neurologists were selected for the

study. According to the criteria [McKeith IG, et al., 2005; McKeith 1G, 2006; Kosaka K.

1990], low likelihood cases with extensive AD pathology was excluded. In addition, AD

and vascular pathology are co-existed, Although if both AD and vascular pathology are

remarkable, cases with those pathology are often called as mixed dementia, in the

present study such cases were included in AD.

The clinical and general backgrounds, the incidence of pneumonia, underlying

and immediate causes of death, and clinical time courses were compared among these

three groups of subtype of dementia. The risk factors for the time to death from

dementia onset (survival time) were analyzed for all eligible patients, and between

patients with and without pneumonia.

The study was approved by the Institutional Review Boards of the University

of Tsukuba and Choju Medical Institute, Fukushimura Hospital. Written informed
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consent was obtained from patients’ relatives.

B. Diagnosis and definitions

Two investigators independently reviewed the data with masked clinical

diagnoses written by the physician in charge to ensure the accurate subtype of dementia

and cause of death. The cause of death, subtype of dementia, and other variables were

extracted into predesigned data collection forms. We verified the accuracy of the data by

comparing the collection forms from each investigator. Any discrepancy was resolved

by discussion.

The neuropathological diagnosis of each subtype of dementia, AD, DLB and

VaD, was assessed using autopsy records.

The complication of pneumonia was repetitive pneumonia during the

hospitalization once and over based on the diagnosis criteria of guidelines for the

management of hospital-acquired pneumonia in adults by the Japanese Respiratory

Society [JRS, 2009].

Dementia onset was defined at the time (year) when patients first experienced

forgetfulness, disorientation, abnormal behavior, or delusions according to the Guideline

41



for Dementia 2010 [JSN, 2010]. Hospital admission was defined as the time of

hospitalization that patients discharged.

The immediate cause of death was defined as the final disease, injury, or

complication directly causing death. The underlying cause of death was defined as the

disease, injury, or corresponding circumstances that initiated the chain of events

ultimately leading to death [Brunnstrom HR, et al., 2009].

C. Statistical analysis

The data relating to the general and clinical backgrounds of the patients,

clinical time courses including time to death from dementia onset, time to hospital

admission from dementia onset and time to death from hospital admission, and causes

of death were summarized and compared among groups of each subtype of dementia.

The Kruskal-Wallis tests were used for continuous variables, and the Chi-squared and

Fisher’s exact tests were used for categorical variables. As the stratified analysis, the

survival-time on patients with- and without-pneumonia on each subtype of dementia

were compared using box plot. Survival curves of the number of years on survival times

of dementia in groups of AD, DLB, and VaD with or without pneumonia were analyzed

by the Kaplan—Meier method and comparisons were made using the log-rank test. To
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evaluate independent factors for the survival time of dementia, a step-wise method was

used for a Cox proportional hazard analysis. Data analyses were conducted using SPSS

Statistics 22.0 (IBM, Armonk, NY, USA). For all analyses, significance levels were two

tailed, and p<0.05 was considered significant.

111. Results

A. General characteristics of study patients with AD, DLB, and VaD

During the observation period, a total of 261 patients died and were autopsied

at Fukushimura Hospital (Fig. 2-1). After excluding the patients who died within 1 week

of an emergency visit to the hospital and who did not have data available, a total 230

patients were included in the study. Among them, the total 157 patients who determined

AD, DLB and VaD by neuropathological diagnoses were eligible in the present study

patients. The numbers of each subtype of dementia were 63 AD (40.1%), 42 DLB

(26.8%), and 52 VaD (33.1%).

The general characteristics of the patients with AD, DLB, and VaD are shown

in Table 2-1. While more female patients were seen in AD and DLB, more male patients

were observed in VaD than female. The age of dementia onset in VaD tended younger

than those in AD and DLB, but no significant difference among the subtype of dementia.
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The high incidence of pneumonia complication was seen in all three subtypes of

dementia with no significant difference among the three groups. DLB presented the

highest incidence (90.5%) of pneumonia complication. Cerebral infarction including

asymptomatic condition was pathologically found 82.7% of patients in VaD and it was

also seen in AD and DLB with the high incidence. The major comorbidities were

hypertension and diabetes mellitus, especially in patients with VaD.

B. Clinical time course of dementia in dementia patients with and without

pneumonia

The clinical time courses on dementia patients were compared among the

subtypes of dementia and between patients with and without pneumonia (Table 4-1).

Although there was no difference on the age of dementia onset in three groups, the age

of death were younger in VaD compared with those of AD and DLB (p=0.018). The

median survival time in VaD was shorter (5 years) than those of AD (8 years) and DLB

(8 years). Although the number of patients with DLB who did not acquire pneumonia

was small, survival-time was shortened by 5 years if DLB patients developed

pneumonia (13 vs 8 years) (p=0.048, Fig. 4-1). In the analysis on the divided survival

time course, a significant differences was seen between the subtypes of dementia in the
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time from dementia onset to hospital admission, but no difference was observed in the

time from hospital admission to death.

The influence of the complication of pneumonia on clinical time courses were

assessed by the Kaplan—Meier method and compared between the different subtypes of

dementia using the log-rank test (Fig. 4-2). In the evaluation of the dementia patients (n

= 157) and in the dementia patients with pneumonia (n=137) revealed significant

differences among the subtypes of dementia (p<0.001 and p=0.002, respectively) (Fig.

4-2, A and B), However, there were no significant differences among the subtypes of

dementia in the patients without pneumonia (Fig. 4-2, C).

As the sub-group analysis, the influence of the complication of pneumonia on

clinical time courses were also assessed among different age groups by the Kaplan—

Meier method using the log-rank test (Fig. 4-3). It was observed that the group of

patients aged >75yr. was shorter survival time of dementia if pneumonia complicated

than those aged <65yr. and 65 — 74 yr. Although the number of patients without

pneumonia was small, there was no significant difference among aged groups on

dementia duration.

Evaluation of risk factors time to death from dementia onset

45



C. Risk factors relating to survival time in dementia patients using the Cox

proportional hazard model

Factors relating to the survival time of dementia were evaluated using the Cox

proportional hazard model for dementia patients with and without pneumonia (n=157).

The results indicated that the risk factors associated with the shorter survival time were

gender-male, pneumonia, comorbidity of diabetes mellitus, age at dementia onset- >75

yr. and VaD. Age at dementia onset- < 65 yr. was associated to the longer survival time

of dementia. The interaction of pneumonia vs. subtypes of dementia was examined by

this model, and no statistical significance was observed.

D. Discussion

The present study, using neuropathological diagnoses of dementia, revealed

that patients with all three major subtype of dementia complicated with pneumonia with

high incidence. The medians of total survival time of dementia onset were 8 years in AD

and DLB, and 5 years in VaD. The patients with VaD had shorter period of survival time

than those of AD and DLB. The factors associating with shorter time of survival time of

dementia were gender-male, pneumonia complication, diabetes mellitus, age at

dementia onset- >75 yr., and VaD.
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The World Health Organization has reported that 47.5 million people have dementia and

there are 7.7 million new cases every year [WHO 2015]. In the current situation, the

medications for treating dementia are limited. The development of optimal clinical

management strategies for dementia is an urgent requirement for achieving the long life.

Pneumonia is the leading cause of death in an aging population and, in the present study;,

pneumonia was the main cause of death on dementia patients which was the compatible

results with the previous autopsy studies [Attems J, et al., 2005; Brunnstrom HR, et al.,

2009]. The evaluation of effect of pneumonia in the life span for dementia patients is

also crucial. However, the reported times on the survival time of dementia was varied.

The effect of pneumonia on the survival time of dementia and its differences in subtypes

of dementia were also unclear. Previous reports resulted that mean durations in DLB

were 1.8-9.5 years [Cercy SP, et al., 1997]. A study resulted the mean survival time after

diagnosis of AD were 8-12 years [Stavitsky K, 2006]. The other retrospective study in

AD resulted the median survival from initial diagnosis was 4.2 years for men and 5.7

years for women [Larson EB, et al., 2004]. In the present study, the median survival

time were 8 years in AD and DLB, and 5 years in VaD. One of the reasons of these

differences survival times of AD and DLB might cause the accuracy of clinical

diagnosis of dementia. Although differentiation between the clinical diagnosis of
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dementia and the judgment of post-mortem diagnosis has been discussed [Snowden JS,

et al., 2011], the most previous studies involved the lack of autopsy confirmation for the

subtype of dementia. In the present study, the subtypes of dementia was

neuropathlogically diagnosed and evaluated the survival time of dementia. The results

in the present study of AD and DLB were similar to the mean duration of the 7.1 years

in AD cases with post-mortem study [Armstrong RA. 2014] and slightly higher than 6.1

years evaluated by a meta-analysis in DLB [Cercy SP, et al., 1997]. The another reason

was that the defined timing of initiation of dementia. Our evaluation was taken the

disease duration from the time of disease onset, not from the time of diagnosis. In the

results of previous study, the disease duration in AD and DLB examined from disease

onset to death was similar, while those examined from time of diagnosis to death was

significantly different [Stubendorff K, et al., 2011]. This may present the time difference

of first awareness of condition and symptoms of dementia by the from an informant

who knows the patient well. Additionally, we compared the survival time of AD and

DLB with VaD. Although the etiopathogenesis of AD, DLB, and VaD are not

completely understood, the differences in survival times might be due to the different

pathogenesis of each type of dementia. VaD is a progressive disease that is caused by

reduced cerebral blood flow supplying the brain, and may associate with some types of
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cerebral events [Doody R, et al., 2005; Feldman HH, et al., 2009; Venkat P., et al., 2015].

In the present study, cerebral infarction was a more common comorbidity in VaD than in

AD and DLB (p<0.001). Both AD and DLB are neurodegeneratative disease, and they

may have slower progression than expansion of cerebral dysfunction of VaD. In

addition, VaD has systemic vascular changes, and it is reasonable to suppose that these

changes also, in part, contributing to shortening the survival time. In the present study,

cerebral vascular changes were more common in patients with AD than those of DLB;

however, no different of survival time between AD and DLB but with VaD.

Despite the subtype of dementia, many of the dementia patients experienced the

complication of pneumonia. One of the reasons was that dementia patients may have

weakened defense mechanisms for preventing respiratory tract infections. The previous

studies revealed an association between respiratory function and cognition, which is

impaired in dementia [Vidal JS, et al., 2013; Pathan SS, et al., 2011; Guo X, et al., 2007].

The deterioration of respiratory function may also influence to reduce the life time span

once dementia patients experienced pneumonia. A recent study examining the

association between respiratory function and the incidence of pneumonia indicated that

for every 1 SD increase in FEV3, the risk for the incidence of dementia decreased by

more than 20% [Russ TC, et al., 2015]. The present study evaluated an association of
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pneumonia not only for the death but also for the survival times in patients with

dementia. Swallowing dysfunctions are common in patients with dementia, and known

as the major contributor to the mortality [Rosler A, et al., 2015]. In this study, among

AD, DLB, and VaD, the presentation of swallowing dysfunctions on each subtype of

dementia were not significant difference (Table 4-1). It also did not evaluate as the

influencing factor to the survival time. The results might indicate that the swallowing

dysfunctions were the risk to mortality and survival time on patients with dementia, but

regardless subtypes of dementia. Although the number of DLB patients without

pneumonia was small, the survival time of patients with DLB and pneumonia was 5

years shorter than the survival time of patients with DLB but no pneumonia. On the

other hand, similar survival times of dementia between with and without pneumonia

were observed in AD and VaD (Table 3). This result suggested that if patients with DLB

get pneumonia, the deterioration of the respiratory function may be faster than those of

in other subtypes of dementia. One of the causes was that DLB decreased ventilator

response to hypercapnia [Mizukami K, et al., 2009]. However, further investigations are

needed to clarify this hypothesis.

The Cox proportional hazard model in the present study revealed that

gender-male, pneumonia complication, comorbidity of diabetes mellitus, age at
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dementia onset of >75yr., and VaD wereindependent risk factors relating to the
shortness of survival time of dementia. Age at dementia onset of <65yr. influenced to
the longer survival time of dementia (Table 4). Previously, type 2 diabetes mellitus has
been known to hold a higher risk of dementia compared with the general population.*®*’
The present study evaluated that diabetes mellitus is also a risk for survival time for
dementia patients. The results of present study suggested the importance of clinical
management for repetitive pneumonia and underlying diseases including diabetes
mellitus during the hospitalization on dementia patients, especially patients aged >75yr.
for expanding patients’ life span.

A limitation of this study was that the time of onset was taken from the medical
records relying on reports from patients, patients’ families, or care givers about the
commencement of the symptoms and signs of dementia. The present study was
conducted at an institute specialized in psychogerontology, particularly for patients with
dementia. The physicians were specialists, with significant clinical experience in
consulting with dementia patients. It was thought that the time discrepancy with the
actual onset thought to be no wide range with their report. This study was conducted at

a single medical institute, so further studies are required in other populations before the

results can be generalized. However, as our understanding, these results are the first
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report on comparisons of the survival time in dementia patients of AD, DLB, and VaD

with and without pneumonia from Japan.

V. Conclusion

Pneumonia incidence was high in three different subtypes of dementia, and

the risk of immediate cause of death in the patients. Pneumonia complication was a

significant factor for disease prognosis in the dementia patient. To maximize life

expectancy, the prevention of pneumonia and the appropriate clinical management of

underlying diseases are necessary on dementia patients aged >75yr. These results

warrant the further prospective cohort study.
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CHAPTER 5.

Prognostic Factors Related to Dementia with Lewy Bodies

Complicated with Pneumonia: An Autopsy Study (Study 3)
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CHAPTER 5. Prognostic Factors Related to Dementia with Lewy Bodies

Complicated with Pneumonia: An Autopsy Study

In this chapter, Risk factors for time to mortality on patients with autopsy

confirmed Dementia with Lewy Bodies complicated with pneumonia have been

discussed.

I.  Objectives

Dementia with Lewy bodies (DLB) is the second most common degenerative

dementia disorder, after Alzheimer’s disease (AD). DLB is characterized

neuropathologically by the presence of Lewy bodies (LB), containing a—synuclein, in

the brainstem and the cerebral cortex of patients [Kosaka K, et al., 1984]. The core

clinical features of DLB are fluctuating cognitive dysfunction, visual hallucinations, and

parkinsonism. Pneumonia is a common complication [Yamamoto t, et al., 2010; Lai EC,

et al., 2015;] and is the major cause of death in DLB patients (Hishikawa N, et al., 2003;

Horimoto Y, et al., 2003) Susceptibility to pneumonia in DLB patients may, in part, be

caused by aspiration due to swallowing dysfunction [Londos E, et al., 2013]. In addition,

a previous report indicated that DLB patients have a decreased ventilator response to
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hypercapnia due to respiratory autonomic dysfunction [Mizukami K, et al., 2009]. A
decreased ventilator response results in the patient being more vulnerable to ventilatory
failure during high-demand conditions, such as heart failure and pneumonia, possibly
leading to poorer outcomes [Dyer C. et al., 2012]. It is plausible that decreased
ventilator responses are also related to poor outcomes in DLB complicated by
pneumonia. A study suggested that pneumonia is the most common cause of death in
patients with DLB [Manabe T, et al., 2015]. Although it is well documented that
pneumonia has a significantly negative impact on the prognosis in DLB, the factors
affecting life expectancy in DLB patients with pneumonia have not yet been fully
evaluated. The identification of such factors is thus important to achieve an
improvement in both DLB patients’ life expectancies and end-of-life care.

The purpose of the present study was to investigate the disease progression of
neuropathologically-diagnosed DLB patients with pneumonia and to evaluate the risk

factors influencing the survival time from the onset of DLB to death.

I1. Methods
A. Study design and subjects

The present study was a retrospective observational study. The data in this
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study were obtained from an observational study in which we studied autopsy cases of

confirmed AD, vascular dementia (VaD), and DLB [Manabe T, et al., 2015]. The

subjects included in the present study consisted of patients who were hospitalized,

deceased, and underwent post-mortem autopsy at the Choju Medical Institute,

Fukushimura Hospital, Toyohashi, Japan, between January 2005 and December 2014.

Of the eligible patients, we selected 42 patients who had been neuropathologically

diagnosed with DLB, and who had developed pneumonia during hospitalization. We

retrospectively reviewed the patients’ charts, medical reports, and autopsy reports along

with the neuropathological examination results. Data on the general and clinical

backgrounds of the patients, the incidence of pneumonia, comorbidities, autonomic

dysfunctions, causes of death, and neuropathological examinations results were

collected. The factors associated with survival time, defined as the time from the onset

of DLB to death, were analyzed in all eligible DLB patients.

B. Diagnosis and definitions

The details of the neuropathological diagnosis of DLB and cause of death have

been described in our previous study [Manabe T, et al., 2015]. For ensuring the
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accuracy of the cause of death, including sudden death, two investigators independently

reviewed the data with masked clinical diagnoses written by the physician in charge.

The occurrence of pneumonia was defined as pneumonia during hospitalization,

once or more times, based on the diagnostic criteria established by the guidelines for the

management of hospital-acquired pneumonia in adults by the Japanese Respiratory

Society [JRS, 2009].

The time of dementia onset was defined as year when patients first experienced

forgetfulness, disorientation, abnormal behavior, delusions, or visual hallucinations,

according to the Guidelines for Dementia 2010 [JSN, 2010]. The duration of

hospitalization was defined as the time from hospital admission until the patient’s death.

Sleep disorders were diagnosed by physicians in charge if patients had

sleeplessness complaints, reversed sleep-wake cycles, demonstrated confusion or other

nursing problems at night time during hospitalization. Urinary incontinence,

constipation, increased sputum production, and swallowing dysfunction were all

clinically diagnosed by physicians specializing in geriatric medicine during the

hospitalization.

C. Statistical analysis
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General and clinical patient background data, the clinical time course

(including survival time), and cause of death were summarized. As the median onset age

of the patients was 78, they were divided into two groups according to their age (<78 or

>79 years of age) to analyze the effects in younger and older patients with DLB. For the

patients with DLB complicated by pneumonia, survival curves of the time from DLB

onset to death were analyzed by the Kaplan—Meier method, and comparisons were made

using the log-rank test. To evaluate independent factors for the time from DLB onset to

death, the step-wise method was used for the Cox proportional hazard model. Data

analyses were conducted using the SPSS Statistics 22.0 software program (IBM,

Armonk, NY, USA). For all analyses, significance levels were two tailed, and p<0.05

was considered to be significant.

D. Ethics.

This study was approved by the Institutional Review Board of the University of

Tsukuba and Choju Medical Institute at Fukushimura Hospital. Written informed

consent was obtained from the patients’ relatives.
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I11. Results

A. General characteristics of study patients with DLB

During the observation period, a total of 261 patients died and were autopsied

at the study site. Of these, a total of 42 patients (30 females, 68.2%) were

neuropathologically-diagnosed with DLB, and 39 (92.9%) of whom acquired

pneumonia during hospitalization. The demographic and clinical characteristics of the

DLB patients are shown in Table 5-1.

The median age of DLB onset was 78 years of age. Although the body mass

index was unable to be measured in all patients owing to their physical conditions, this

was low in most of the DLB patients at hospital admission. Cerebral infarction was

pathologically observed in 35.7% of the DLB patients. Over 60% of the DLB patients

had swallowing dysfunction. Sleeping disorders were observed in 52.4% of the patients,

as were other common autonomic dysfunctions including constipation (81.0%),

repeated falls (35.7%), and urinary incontinence (90.5%). The underlying conditions of

hypertension, respiratory emphysema, and fractures of the femur were observed in more

than 20% of the DLB patients.
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B. Clinical conditions of DLB patients at death

Of the 39 DLB patients with pneumonia, the median age at death was 86 years

(IQR, 81-91) with female patients on average older than male patients (Table 2). The

median time from DLB onset to death was 8 years (IQR, 5-14). Male patients had a

shorter period from the time of DLB onset to death than females.

Although the causes of death in the DLB patients varied, pneumonia was the

most common (53.8%), followed by renal failure (15.4%) and respiratory failure

(12.8%). Sudden death was observed in 10.3% of the DLB patients.

C. Evaluation of the factors associated with the time from DLB onset to death

The Kaplan—Meier curve in Fig. 1 shows the influence of age of onset, cerebral

infarction, muscle weakness of the lower extremities, age at DLB onset, sleep disorder,

and comorbidities including hypertension and respiratory emphysema, from the time of

DLB onset to death. There were significant differences between the patients with and

without cerebral infarction (p=0.007), with and without muscle weakness of the lower

extremities (P = 0.037), and according to age <78 years or >79 years (p < 0.001). No

significant differences were observed between the patients with and without sleep
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disorder, or between those with and without the comorbidities investigated in this study.

In the DLB patients with pneumonia, the Cox proportional hazard model

revealed a male sex (HR, 2.83), age of onset >78 years (HR, 4.71), cerebral infarction

(HR, 2.36), and muscle weakness of the lower extremities (HR, 2.04) to be factors

associated with the time from DLB onset to death (Table 3).

I\VV. Discussions

Of the patients with DLB in this study, only three did not develop pneumonia

during hospitalization (Table 5-1), and pneumonia was the most common cause of death

(Table 5-2) in those who were affected. Our results are consistent with those of previous

studies, such as those reporting a high incidence of pneumonia [Yamamoto T, 2010; Lai

EC, et al., 2015] and a high frequency of pneumonia-associated mortality in patients

with DLB [Hishikawa N, et al., 2003]. The median time to death from DLB onset was 8

years (Table 2), while the reported survival-times of DLB were various and ranged from

1.8 to 9.5 [Cercy SP, et al., 1997]. One of the independent factors associated with

disease progression in this study was cerebral infarction (Table 5-3).

We confirmed cerebral infarction by autopsy, and included asymptomatic and

old cerebral infarctions. Although only a few studies have so far reported an association
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between the clinical features and cerebrovascular lesions in DLB, a previous report

indicated no greater susceptibility to death from stroke [Jellinger KA. 2003]. Although

our data did not include any neuroimaging findings, our results indicated the possibility

of the long-term influence of cerebral infarction, including asymptomatic cerebral

infarction and a history of small cerebral infarctions, on the progression of DLB.

Muscle weakness of the lower extremities was observed in 33.3% of DLB

patients (Table 5-1). Muscle weakness was also evaluated as a potential prognostic

factor of DLB by the Cox proportional hazard model (Table 5-3). Although muscle

weakness of the lower extremities is regarded as a risk factor for falls and fractures, in

the present study, neither of these were associated with a shortened life expectancy in

our study participants. It is important to bear in mind that previous studies indicated an

association between muscle strength of the extremities and the risk of death in older

adults, as well as a risk of lung function deterioration [Al Snih S, et al., 2002;

Laukkanen P, et al., 2015]. In addition, a low pulmonary function was found to be

associated with a low muscle mass in community-dwelling elderly people [Jeon YK, et

al., 2015]. Similar to these observations, the results of the present study suggest that

weakness of the extremities in DLB patients may be associated with a low respiratory

function and thus aggravate the poor prognosis for patients with pneumonia. Along with

62



decreasing physical activity, the daily activities of a patient would decrease gradually

and this might shorten the patients’ life.

Although the smoking history of our patients was difficult to collect, quite a

high incidence of respiratory emphysema was observed (Table 5-1). Liao et al. reported

that in COPD patients with dementia, the incidence rate of hospital mortality was higher

than those of dementia patients without COPD [Liao KM, et al., 2015]. In the present

study, the Kaplan—Meier method failed to indicate any significant difference between

patients with and without respiratory emphysema of the time from DLB onset to death

(Fig. 5-1). This difference may be due to the fact that the deterioration of lung function

in very older patients with DLB progresses regardless of a history of COPD.

Although the data on dysphagia was mostly collected from the observations of

the clinicians in charge due to the difficulty to conduct conventional swallowing

assessments [Teramoto S., et al., 2999] on this kind of group of patients, swallowing

dysfunction was observed in 61.9% of the DLB patients (Table 5-1). It has been

reported that susceptibility to pneumonia in DLB may be attributed to swallowing

dysfunction [Shinagawa S, et al., 2009]. Despite the possibility that swallowing

dysfunction may induce pneumonia, in the present study, this was not associated with a

shortened life expectancy in DLB patients with pneumonia, and it also was not
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identified as a prognostic factor in DLB with pneumonia (Table 5-3). Although the use

of a percutaneous endoscopic gastrostomy tube (PEG) has been considered for the

management of dysphagia, a meta-analysis concluded that PEG placement provided no

evidence for an improvement in the long-term survival rates in patients with advanced

dementia [Goldberg LS, et al., 2014]. The results of the present study are therefore

compatible with the previous studies (Table 5-4).

We observed the available data for other factors related to autonomic

dysfunction, including sleeping disorders, urinary incontinence, and constipation.

However, these symptoms were not identified as useful prognostic factors in DLB

(Table 5-3). A previous study in Sweden observing the 36-month survival of patients

with DLB concluded that autonomic dysfunction, including orthostatic hypotension,

incontinence, and constipation, were related to the survival time in patients with DLB

[Stubendorff K, et al., 2012]. This discrepancy may also be due to the fact that the

majority of patients presented with a high incidence of urinary incontinence and

constipation during the course of the illness among the patients with DLB which and

these frequencies were compatible with the findings of a previous report in Japan

[Horimoto Y, et al., 2003].
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The time of DLB onset was retrospectively estimated from the patients’

medical records relying on reports from patients, patients’ families, and/or caregivers

about the commencement of the symptoms and initial signs of DLB. Thus, there may be

a discrepancy between this and the actual time of onset. As the subjects of present study

were pathologically confirmed DLB patients at a single center, the number of patients

was thus quite small. Further studies are therefore required in alternative and larger

populations before the results can be generalized and any definitive conclusions can be

made. The diagnosis of pneumonia in this age group is often delayed because of the

frequent absence of fever, the paucity or absence of cough, and changes in mental status

(delirium) [Fein AM. 1994]. Therefore, it was no possible to examine the precise time

from the occurrence of pneumonia to mortality. Due to the nature of this retrospective

study, additional factors that may be related to disease progression in patients with DLB,

such as orthostatic hypotension [Andersson M, et al., 2008], parkinsonism, nutrition

support, and the reasons for hospital admission might exist, but they were not included

in the analysis in the present study.

V. Conclusion

We found that the prognostic factors identified in autopsy-confirmed DLB
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patients with pneumonia were pathologically-confirmed cerebral infarction, muscle

weakness of the lower extremities, a male sex, and older age at onset (> 78 years). The

careful management and the prevention of cerebral infarction and muscle weakness in

DLB patients with respiratory tract infection are crucial factors for maximizing the

patients’ life expectancy, as well as for improving the patients’ end-of-life care. The

results of the present study warrant further prospective cohort studies with a larger

group of patients.
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CHAPTER 6.

DISCUSSIONS
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CHAPTER 6. Discussions

In this chapter, outcomes studies 1 to 3 were discussed comprehensively for

leading to the final conclusions on the present research.

I. Discussions

The present study intended to elucidate the disease prognosis and prognostic

factors on neuropathologically confirmed patients with three major subtypes (AD, DLB,

and VaD) of dementia complicated with pneumonia. The study revealed that the

medians of total survival-time of dementia onset were 8 years in AD and DLB, and 5

years in VaD who complicated with pneumonia. The factors associating with shorter

time of survival-time of dementia were pneumonia complication, gender-male, diabetes

mellitus, older age at onset (>75 yr.), and VaD. Among the patients with DLB

complicated with pneumonia, the prognostic factors were cerebral infarction, muscle

weakness of the lower extremities, gender-male, and older age at onset (> 78 years).

In recent years, dementia has been receiving increasing attention from

governments, politicians, and medical providers in globally. However, dementia has

only recently focused attention. Especially, the first case of pathology on DLB was
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reported in 1976 [Kosaka K, 1976] and confirmed its terminology in 1980 [Kosaka K,

1980]. The additional scientific evidences, including the disease prognosis and the

detailed pathophysiology are urgently required for developing effective clinical

approaches, and maximizing the patients’ life expectancy and the quality of remained

life.

Dementia affects the life expectancy, living conditions, health profiles, and the

characters on patients. Dementia also changes daily lives for families and care givers.

The survival-time on patients with dementia and its risk factors are crucial information

not only for clinical practices by medical providers but also for families and care givers

and themselves.

Although it is generally accepted that pneumonia-associated mortality are more

common in patients with dementia than those without dementia, the reported frequency

of pneumonia-associated mortality in patients with dementia varies and ranges from

12% to 70% [Foly NC 2015]. The survival-time on patients with dementia that

previously reported were also various, 8 - 12 years in AD [McKhann 1984] and 1.8 - 9.5

years in DLB [Cercy SP, 1997]. It can be thought that these differences caused by the

heterogeneity among these studies including the cause of death (underlying or

immediate), the methods of diagnosis (neuropathological or clinical) and the subtypes
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and severity of dementia. In the present study, the subtypes of dementia were

neuropathologically diagnosed by the expert pathologist in the study site and both

immediate- and underlying-cause of death were examined. The most of patients were in

the advanced stage of their illness. The survival-time of patients with AD and DLB

complicated with pneumonia in the present study was 8 years which was the similar

with the mean duration of the 7.1 years in AD with the previous autopsy study

[Armstrong RA 2014] and slightly higher than 6.1 years evaluated by a meta-analysis in

DLB [Cercy SP 1997] (Study 2). The survival-time of DLB patients without pneumonia

complication was 5 years longer than those with pneumonia. Although the number of

DLB patients without pneumonia was small, the more effects of pneumonia was

possibly existed in DLB than those in AD.

The survival-time is shorter in patients with VaD than those in patients with AD

or DLB. This difference may cause the different pathogenesis of each types of dementia.

VaD is a progressive disease that is caused by reduced blood flow supplying the brain,

and may associated with some types of cerebral events [Doody R 2005; Feldman HH

2009; Venkat P 2015]. In addition, VaD has systemic vascular damages, and it is

reasonable to suppose that these damages, in part, contributing shortening the

survival-time. In fact, cerebral infarction was a more common comorbidity in VaD than
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in AD and DLB. AD and DLB are neurodegenerative diseases, and they may have

slower progression than those of VaD with cerebral dysfunction. Therefore, this is the

reasonable result. In addition, cerebral infarction was one of prognostic factor in the

study only with DLB (Study 3). The result may suggest that cerebral infarction effects

shortness of survival-time not only in dementia but also in DLB. The confirmation of

this results on other forms of dementia requires the additional study with large

population.

In patients with AD, DLB, and VaD, the risk factors associating with shorter

survival-time of dementia were pneumonia complication, gender-male, diabetes mellitus,

older age at onset (>75 yr.), and VaD (Study 2). The high incidence of pneumonia

complication was seen in all three subtypes of dementia with no significant difference

among the three groups. DLB presented the highest incidence (90.5%) of pneumonia

complication (Study 1) and the survival-time between with- and without pneumonia was

significant (Study 2). Therefore, the prognostic factors of only in patients with DLB

complicated with pneumonia were examined. The results indicated that the prognostic

factors in patients with DLB complicated with pneumonia were pathologically-confirmed

cerebral infarction, muscle weakness of the lower extremities, a male sex, and older age at onset

(> 78 years) (Study 3). Previously, it has been known that type 2 diabetes mellitus hold a higher
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risk of dementia compared with the general population. The result of the present study indicated

that diabetes mellitus also hold as the prognostic risk to survival-time of the patients with

dementia. Currently the continuous medication on aged patients have been on discussion. The

result may suggest that the importance of continuous pharmacological management of diabetes

mellitus, even patients were in the terminal stage of dementia. Gender-male presented a higher

Hazard Ratio (HR) to the survival-time on patients with DLB comparing those on patients AD,

DLB, and VaD. In the study on only with patients with DLB, muscle weakness of the lower

extremities tended to effect to shorter survival-time on patients with DLB (Study 3). It is

important to bear in mind that previous studies indicated an association between muscle

strength of the extremities and the risk of death in older adults, as well as a risk of lung

function deterioration [Al Snih S, et al., 2002; Laukkanen P, et al., 2015]. Similar to

these observations, the results of the present study suggest that weakness of the

extremities in DLB patients may be associated with a low respiratory function and thus

aggravate the poor prognosis for patients with pneumonia. Along with decreasing

physical activity, the daily activities of a patient would decrease gradually and this

might shorten the patients’ life. Although there were few reports investigating the

association between respiratory function and dementia [Vidal JS, et al., 2013; Pathan SS,

et al., 2011; Guo X, et al., 2007], a study in UK demonstrated an association between
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forced expiratory volume in 1 second (FEV;) and dementia-related death [Russ TC, et

al., 2015]. These may suggested that the deterioration of lung function would risk to be

dementia and the risk to shortness of life expectancy once dementia is occurred.

We intended to evaluate the effect of autonomic dysfunction using sleeping

disorders, urinary incontinence, and constipation. However, these symptoms were not

identified as prognostic factors in DLB. A previous study in Sweden observing the

36-month survival of patients with DLB concluded that autonomic dysfunction,

including orthostatic hypotension, incontinence, and constipation, were related to the

survival time in patients with DLB [Kaufnabb H 2004]. This discrepancy may also be

due to the fact that the majority of patients presented with a high incidence of urinary

incontinence and constipation during the course of the illness among the patients with

DLB of which these frequencies were compatible with the findings of a previous report

in Japan.

Swallowing dysfunction was observed over 40% of patients with AD and VaD

and over 50% of patients with DLB (Study 2). Although the data on swallowing

dysfunction was mostly collected from the observations of the clinicians in charge due

to the difficulty to conduct conventional swallowing assessments on this kind of group

of patients, it has been reported that susceptibility to pneumonia may be attributed to
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swallowing dysfunction. It also approximately 20% of patients were hospitalized due to

pneumonia (mostly clinically diagnosed aspiration pneumonia) (Supplemental study).

Then, patients with dementia who admitted hospital due to pneumonia were

hospitalized in shorter days than those due to other reasons (Supplemental study).

However, the confirmation of effect of swallowing dysfunction to develop pneumonia

including aspiration pneumonia and the survival time on patients with dementia requires

the further investigation using the conventional swallowing assessments.

I1. Limitations

The present study has several limitations. The time of dementia onset was

retrospectively estimated from the patients’ medical records relying on reports from

patients, patients’ families, and/or caregivers about the commencement of the symptoms

and initial signs of dementia. There may be a difference between this and the actual time

of onset. Patients of present study were conducted at a single center. Although the study

site was the medical center that specialized for psychogeriatric and geriatric medicine,

the survival-time on patients may influenced by the local therapeutic consensus and

guidelines. The diagnosis of pneumonia in this age group is often delayed because of

the frequent absence of fever, the paucity or absence of cough, and changes in mental
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status (delirium). Therefore, it was not possible to examine the precise time from the

occurrence of pneumonia to mortality. Due to the nature of this retrospective study,

additional factors that may be related to disease progression in patients with dementia.

However, they were not included in the analysis in the present study.

CHAPTER 7.

CONCOLUSIONS
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CHAPTER 7. Conclusions

In this chapter, the significance results of studies 1, 2, and 3 were summarized

as conclusions on the present study.

. STUDY1

The present study revealed that patients with all three major subtype of

dementia complicated with pneumonia with high incidence. Especially, over 90%

of patients with DLB had pneumonia complication during the hospitalization.

In the comparison among AD, DLB and VaD, cerebral infarction and

hypertention were more common comorbidity in VaD than in AD and DLB.

As the comparison between underlying and immediate cause of death on each

subtype of dementia, although the main cause of death in patients with DLB was

heart failure as the underlying cause of death, but was pneumonia in the immediate

cause of death.

. STUDY 2

Patients with all three major subtype of dementia complicated with pneumonia

with high incidence. The medians of total survival time of dementia onset were 8
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years in AD and DLB, and 5 years in VaD. The patients with VaD had shorter
period of survival time than those of AD and DLB. The factors associating with
shorter time of survival time of dementia were gender-male, pneumonia
complication, diabetes mellitus, age at dementia onset- >75 yr., and VaD.
I. STUDY 3
The prognostic factors identified in autopsy-confirmed DLB patients with
pneumonia were pathologically-confirmed cerebral infarction, muscle weakness of

the lower extremities, a male sex, and older age at onset (> 78 years).

The careful management and the prevention of diabetes mellitus in all three
subtypes of dementia and cerebral infarction and muscle weakness in DLB with
respiratory tract infection are crucial factors for maximizing the patients’ life expectancy,
as well as for improving the patients’ end-of-life care. The results of the present study

warrant further prospective cohort studies with a larger group of patients.
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[ Study Reviews and Concerning Issues

[ Study purpose
/'
STUDY 1 STUDY 2 STUDY 3
Cause of death on Comparisons on effect Survival-Time
AD, DLB, and VaD of pneumonia to disease and its risk
prognosis among AD, factors on DLB
DLB and VaD
.

Comprehensive discussions and conclusion

Fig. 1-1 Framework of the study
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Table 2-1. Frequency of pneumonia-associated mortality on patients with dementia among reviewed studies

Information Study, published . Age at death, Frequency of pneumonia-associated
country Patients . .
resources year mean+SD-yr. mortality on dementia
Underlying cause of Immediate cause of
death death
786 = 7.5
Todd S 2013 USA 396 (202 AD) 15% -
(at entry)
Chamandy and
2 8=+7. .39 -
8 Wolfson 2005 Canada 823 87.8+£7.26 12.3%
= +
i Ganguli 2005 USA 1681 (348 AD) 73.4£5.9 12.3% -
8 (at entry)
= 13%
= +
§ Tschanz 2004 Sweden 355 83.3+7.0 (AD 11%, VaD 13%, AD/VaD 18%)
Beard 1996 USA 959 AD - 4.4% 26.6%
Kukull 1994 USA 105 (55 AD) 825 10.3% -
Both Burns 1990 UK 178 AD 80.4 (56-99 Death certfficate - - =+« - - 67.9%
© ums 4 (56-99) Autopsy * + ¢ ¢ v - - < - - 64.0%
. 66.3%
Magaki S 2014 USA 218 77.6 £8.9 AD 68.9% -
Bronchopenuminia, 38.4%
Aspiration pneumonia, 6.7%
78 = 9.1
- Brunnstrom 2009 Sweden 524 (AD: BP, 47.3%: AP, 7.7%)
g. (VaD: BP, 27.4%; AP, 4.8%)
= 45.5%
i 83.5 = 8.6
< Attems 2005 Austria 308 (AD 49.6%, VaD 33.3%)
Fu 2004 USA 202 77.6 £10.8 46.2% (AD 41.3%)
Kammoun 2000 switzerland | 3% (12&{;5&)\)/"’@ and 85.0 + 6.9 - 40.8%

AD, Alzheimer’s Disease; VaD, Vascular dementia; BP, bronchopneumonia; AP, aspiration pneumonia
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Autopsy patients (N=261)

No available data
Emergency patients who
diseased within 2 days

after admission
(n=31)

Total Subjects
(N=230)

Alzheimer’s Dementia with Vascular Other type of Physiology aging
Disease (AD) Lewy bodies (DLB) dementia (VD) dementia
N=63 (27.4%) N=42 (18.3%) N=52 (22.6%) N=51(22.2%) N=22 (9.6%)
AD + DLB + VD + Other dementia Physiological aging
pneumonia pneumonia pneumonia + pneumonia +pneumonia
N=56 (88.9% of N=38 (90.5% of N=43 (82.7% of N=38 (74.5% N=13 (63.6% of
AD) DLB) VaD) others) physical aging)

Fig. 3-1 Study population

Atotal of 261 patients died and were autopsied at the study site during the observational
period. After excluding the patients who died within 1 week of an emergency visit to the
hospital and who did not have data available, the total 157 patients were determined
Alzheimer’s disease, dementia with Lewy bodies, and vascular dementia by

neuropathological diagnoses and were eligible to the present study.
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Table 3-1. General characteristics of patients with Alzheimer’s disease, dementia
with Lewy bodies, or vascular dementia

n=157
AD DLB VaD P value
N=63 N=42 N=52
Complication of pneumonia 56 (88.9) 38(90.5) 43 (82.7) 0.306"
Gender - n (%) 0.010*
Male 20 (31.7) 12 (28.6) 27 (51.9)
Female 43 (68.3) 30 (71.4) 25 (48.1)
Age
Time of dementia onset — 79 (72-84) 78 (72-84) 76 (70-82) 0.269°
median (IQR), yr.
<65 8(12.7) 4(9.5) 6 (11.5) 0.125"
65-74 11 (17.5) 9(21.4) 17 (32.7)
>75 44 (69.8) 29(69.0) 29 (55.8)
Clinical characteristics
BMI at admission- median 19 (16-20) 18 (14-21) 19 (18-22) 0.096°
(IRR)  (n=77)
Weightof brain - median 1047 (980-1170) 1050 (1000-1140) 1080 (982-1153) 0.062°
(IQR) (n=135)
Pathological findings
Cerebral infarction 27 (42.9) 15 (35.7) 43 (82.7) <0.001*
Comorbidities— n (%)
Hypertension 27 (42.9) 11 (26.2) 31 (59.6) 0.001*
Pulmonary emphysema 11 (17.5) 8 (19.0) 10 (19.2) 0.853"
Diabetes mellitus 10 (15.9) 2(4.8) 14 (26.9) 0.007*
Angina 5(8.1) 3(6.5) 3(6.5) 0.8017
Heartfailure 5(8.1) 2(4.3) 2(3.8) 0.5072
Malignant neoplasm 10 (16.1) 2(4.3) 4(7.7) 0.047*
Events after admission— n (%)
PEG 19 (30.2) 17 (40.5) 25 (48.1) 0.046"
Urinary tract infection 10 (16.1) 9 (19.6) 8 (15.4) 0.521*
Swallowing dysfunctions — 26 (41.3) 23 (54.8) 23 (44.2) 0.157*
n (%)
Medications — n (%)
Anti-dementia drug” 12 (19.4) 3(6.5) 2(3.8) 0.007*
Benzodiazepines use 6 (9.7) 9 (19.6) 7 (13.5) 0.143*

AD, Alzheimer’s disease; DLB, dementia with Lewy Bodies; VaD, vascular dementia; PEG, percutaneous
endoscopic gastrostomy; IQR, interquartile range

“Anti-dementia drug included acetylcholine inhibitors and NMDA receptor inhibitor
IChi-squire test, *Fisher’s exact test, *Kruskal-Wallis test
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Table 3-2. Immediate and underlying cause of death in dementia patients with and
without pneumonia

n=157
AD DLB VaD P value
N=63 N=42 N=52
Underlying cause of death
Pneumonia 31 (49.2) 9 (21.4) 15 (28.8) 0.001*
Cerebrovascular accident 6 (9.7) 3(7.1) 6 (11.5) 0.4052
Heart failure 9 (14.5) 13 (28.3) 6 (11.5) 0.006"
Respiratory failure 1(1.6) 1(2.2) 2(3.8) 1.000?
Renal failure 1(1.6) 2 (4.3) 5 (9.6) 0.051*
Failureon liver, gallbladder, pancreas 2(3.2) 2(4.3) 1(1.9) 1.000?
Diabeltes mellitus 1(1.6) 3(6.5) 0(0.0) 0.101*
Malignant neoplasm 5(8.1) 6 (13.0) 6 (11.5) 0.274*
Sepsis 3(4.8) 3(6.5) 7 (13.5) 0.061"
Geromarasmus 1(1.6) 1(2.2) 0(1.3) 1.000?
Sudden unexpected natural death 0(0.0) 1(2.2) 0(0.0) 0.2682
Seizure 0(0.0) 0 (0.0) 2(3.8) 1.000?
Others 3(4.8) 2(4.3) 2(3.8) 0.967"
Immediate cause of death

Pneumonia 33(52.4) 22 (52.4) 15 (28.8) 0.007*
Cerebrovascular accident 5(8.1) 1(2.2) 4(7.7) 0.188"
Heart failure 5(7.9) 1(2.4) 4(7.7) 1.000?
Respiratory failure 2(3.2) 5(10.9) 6 (11.5) 0.053*
Renal failure 5(8.1) 6 (13.0) 11 (21.2) 0.046"
Failure on liver, gallbladder, pancreas 2(3.2) 0(0.0) 0(0.0) 1.000?
Malignant neoplasm 6 (9.7) 0(0.0) 4(7.7) 1.000?
Sepsis 4 (6.5) 3(6.5) 6 (11.5) 0.228"
Sudden unexpected natural death 0(0.0) 3(7.1) 0(0.0) 0.610?
Seizure 1(1.6) 0 (0.0) 1(1.9) 1.000?
Others 4 (6.5) 2 (4.3) 3(5.8) 0.791"

AD, Alzheimer’s disease; DLB, Dementia with Lewy Bodies; VaD, Vascular Dementia
lChi-squire test, 2Fisher’s exact test
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Table 4-1. Clinical time course of dementia patients with AD, DLB, and VaD

n=157
AD DLB VaD P value”
N=63 N=42 N=52
Age of dementia onset 79 (72-84) 78 (72-84) 76 (70-82) 0.269
Age of death 86 (82-92) 87 (81-92) 83 (78-87) 0.018
Total years (from onset to death) 8 (5-13) 8 (5-15) 5 (3-9) 0.015
According to pneumonia complication
with pneumonia (n=137) 8 (5-13) 8 (5-14) 5 (3-8) 0.006
without pneumonia (n=20) 7 (3-12) 13 (5-18) 5 (3-12) 0.181
According to groups of dementia onset age <0.001
< 65yr. (n=17) 17 (13-22) 16 (15-19) 7 (3-11)
65 - 74 (n=36) 11 (8-13) 12 (8-16) 7 (4-12)
>75yr. (n=102) 6 (4-10) 6 (4-10) 5 (3-6)
Years between dementia onset to admission 6 (2-8) 5(3-8) 3 (1-6) 0.015
Years between hospital admission to death 2 (1-5) 3(1-8) 3 (1-5) 0.404

AD, Alzheimer’s disease; DLB, dementia with Lewy bodies; VaD, vascular dementia
Time course on each variable was presented by median (interquartile range), years.
“Kruskal-Wallis test
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Table 4-2. Risk factors for time to mortality from dementia onset in dementia patients using

Cox proportional hazard model

HR 95% ClI P value
Gender-male 1.942 1.362-2.769 <0.001
Pneumonia 1.528 0.935-2.496 0.091
Diabetes mellitus 1.585 1.017-2.470 0.042
Age of dementia onset - less than 65 yr. 0.372 0.189-0.734 0.004
Age of dementia onset - 75 yr. and over 2.266 1.507-3.408 0.000
Vascular dementia 2.041 1.397-2.982 0.000

n=157

HR, hazard ratio; Cl, confidence interval. p value: chi-squire test

Baseline adjustment covariates: gender, pneumonia complication, subtypes of dementia (Alzheimer’s

disease, dementia with Lewy bodies, Vascular dementia), groups of onset age (<65yr., 65-74yr., >75yr.),

pneumonia complication, comorbidities (hypertension, diabetes mellitus, heart failure, cerebral infarction,

pulmonary emphysema, angina, malignant neoplasm), swallowing dysfunction, urinary tract infection,

and percutaneous endoscopic gastrostomy. Presented items of p<0.1.

The interaction of pneumonia vs. subtypes of dementia was not significant (p=0.340).
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A. All patients . .
(n=157) B. Patients with AD (n=63)

onsetage

g
totalyears

_;;;4 o
B5| |
P=0.982 o P=0.496
With-pneumonia  Without-pneumonia With-pneumonia  Without-pneumonia
n=137 n=20 n=s6 n=7
C. Patients with DLB D. Patients with VaD
(n=42) (n=52)
Ei 107 .;.'
o
o P=0.048 o P=0.501
10 » 'rU 2'9
With-pneumonia ~ Without-pneumonia With-pneumonia  Without-pneumonia
n=39 n=3 n=43 n=9

Figure 4-2. Comparisons on survival-time between with- and without-pneumonia.
(A), on all eligible patients with dementia (B), on patients with Alzheimer’s diseases,
(C) on patients with dementia with Lewy bodies, (D) and on patients with Vascular

dementia. P value was tested by Mann-Whitney U test.
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urvival
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Cumulative s
Cumulative s

Years from dementia onset to death Years from dementiaonsettodeath

Years from dementiaonsettodeath

Alzheimer's disease

Dementiawith Lewy Bodies

Vascular Dementia

Figure 4-2. Kaplan-Meier curves on the number of years to death from the dementia
onset on total dementia patients (A), on the dementia patients with pneumonia (B), and
on the dementia patients without pneumonia according to subtypes of dementia. There
were significant differences on total patients (log rank test, p<0.001) and on patients

with pneumonia (log rank test, p=0.002), but on patients without pneumonia (log-rank

test, p=0.660).
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p<0.001

Cumulative surviv:
b i

™
0
'1‘_‘ P<0.001

2
Years from dementia onset to death

n=137

Cumulative survival

Years from dementia onset to death

n=20

Patients aged <65yr.
Patients aged 65 — 74yr.
""""" Patients aged >75yr.

Figure 4-3. Kaplan-Meier curves on the number of years to death from the dementia

onset on total dementia patients (A), on the dementia patients with pneumonia (B), and

on the dementia patients without pneumonia according to patients on age groups: <65yr;

65 — 74yr; and >75yr. There were significant differences on total patients (log-rank test,

p<0.001) and on patients withpneumonia (log-rank test, p<0.001), but on patients

without pneumonia (log-rank test, p=0.208) with small number of patients.

114



A. Cerebralinfarction

1.0
08+
-1
=
= 067
£
e
H
3
2 04
I}
S
E
=
o
0.2
001 —present
- y . r absent
0 s 10 15 20
Time to death from DLB onset
C. Muscle weakness of lower extremity
1.04
08
-1
[
3
5 064
z
3
@
o
>
E 04
3
E
3
3
029
—— present
oo " absent
T T T T T
0 5 10 15 20
time to death from DLB onset
E. Hypertension
104
08
s
©
e
w
2 05
2
3
@
@
>
B o4
3
E
3
3
029
L —present
00} absent
)

T T T T
0o s 10 15
time to death from DLB onset

Cummulative survival rate

B. Age at DLB onset

1.0
08
g
K
> 06
2
3
a
®
S
£ os
3
E
3
3
0.2
007
T T T T T
] 5 10 15 20
time to death from DLB onset
D. Sleep disorder
1.0
08
]
e
=
2 08
2
a
S
%o p=0.336
3
E
3
0.2+
0.0 — present
~ absent
T T T T T
0 5 10 15 20
time to death from DLB onset
F. Respiratory emphysema
104
08
064
- p=0.896
0.2
——present
00 ~—absent

T T T T T
[ 5 10 15 20
time to death from DLB onset

Fig. 5-1 Kaplan-Meier curves on the number of years to death from the onset of

dementia with Lewy bodies. Comparisons of each covariance were tested by the

log-rank test.
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Table 5-1. General characteristics of patients with dementia with Lewy bodies

n=42
Total - n (%)
Sex - n (%)
Male 12 (28.6)
Female 30 (71.4)
Age - median (IQR)
Time of death 87 (81-92)
Time of dementia onset 78 (72-85)
Incidence of pneumonia 39 (92.9)
Neuropathological condition
Weight of brain - median (IQR) (n=35) 1050 (1000-1140)
Type of DLB
Limbic 14 (33.3)
Neocortical diffuse 13 (31.0)
Cerebral infarction 15 (35.7)
Clinical condition— n (%)
BMI at admission- median (IQR) (n=20) 17.8 (13.8-20.8)
Muscle weakness of the lower extremities 14 (33.3)
Increased sputum 12 (28.6)
Swallowing dysfunction 26 (61.9)
PEG 20 (47.6)
Autonomic dysfunction
Sleep disorder 22 (52.4)
Urinary incontinence 38 (90.5)
Constipation 34 (81.0)
Comorbidity— n (%)
Hypertension 12 (28.6)
Heart failure 3(7.0)
Respiratory emphysema 9(21.4)
Diabetes mellitus 2(4.8)
Malignant neoplasm 6 (14.3)
Repeated falls 15 (35.7)
Fracture of femur 12 (28.6)
Tuberculosis 3(7.0)

DLB, Dementia with Lewy Bodies; PEG, Percutaneous Endoscopic Gastrostomy; IQR, interquartile range
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Table 5-2. Clinical condition among DLB patients with pneumonia

n=39
Total — n (%)
Age at time of death - median (IQR) 86 (81 -91)
Male 80 (76 - 87)
Female 88 (85 - 93)
Number of years to death from DLB onset- median, yr. (IQR) 8(5-14)
Male 7(1-15)
Female 8 (5-13)
Age of onset  <78yr. 13 (8 - 16)
Age of onset  >79yr. 5B-7)
Immediate cause of death — n (%)
Pneumonia 21 (53.8)
Respiratory failure 5(12.8)
Heart failure 1(2.6)
Sepsis 3(7.7)
Renal failure 6 (15.4)
Sudden death 4 (10.3)

DLB, Dementia with Lewy Bodies; IQR, interquartile range
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Table 5-3. Risk factors for survival time of dementia with Lewy bodies by Cox hazard

model

HR 95% ClI p value
Sex - Male 2.83 1.24-6.50 0.014
Age of onset - >78 yr. 4.71 1.82-12.18 0.002
Cerebral infarction 2.36 1.12-4.96 0.023
Muscle weakness of the lower 204 0.95 - 4.39 0.067

extremities

HR, hazard ratio; Cl, confidence interval. p value: chi-squared test

n=39

Baseline adjustment covariates: sex, pneumonia occurrence, pathologically identified cerebral infarction,
hypertension, heart failure, malignant neoplasm pulmonary emphysema, fracture of femur, sleep disorder,
urinary incontinence, repeated falls, swallowing dysfunction, muscle weakness of the lower extremities,

increased sputum, and percutaneous endoscopic gastrostomy. Only items of p<0.1 are shown.

Interactions between sex and age of onset, or cerebral infarction and muscle weakness of the lower
extremities were not significant (p=0.712 or p=0.449, respectively).
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