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Prognostic Factors Related to Dementia with Lewy Bodies
Complicated with Pneumonia: An Autopsy Study
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Abstract

Objective In patients demonstrating dementia with Lewy bodies (DLB), pneumonia is a common complica-
tion. However, the prognostic factors for the survival time in DLB with pneumonia have not been investigated
by autopsy in patients with neuropathologically confirmed DLB.

Methods We conducted a retrospective study of the medical and autopsy reports of 42 patients admitted to
a Japanese hospital between 2005 and 2014. The patients were neuropathologically diagnosed as having DLB
by post-mortem examinations. We analyzed the effects of various factors on the time from DLB onset to
death.

Results Thirty-nine of the 42 patients with DLB (92.9%) developed pneumonia during hospitalization. The
median age at DLB onset was 78 years and the median time from DLB onset to death was 8 years. The Cox
proportional hazard model demonstrated cerebral infarction [Hazard Ratio (HR), 2.36 (95% CI 1.12-4.96), p=
0.023], muscle weakness [HR, 2.04 (0.95-4.39), p=0.067], male sex [HR, 2.84 (1.24-6.50), p=0.014], and age
at onset (278 years.) [HR, 4.71 (1.82-12.18), p=0.001] to be prognostic factors for a shorter time from DLB
onset to death.

Conclusion Careful treatment of cerebral infarction and muscle weakness of the lower extremities is crucial
for DLB patients with pneumonia, especially for those over 78 years of age, in order to maximize the pa-

tients’ life expectancies.

Key words: dementia with Lewy bodies, pneumonia, cerebral infarction, muscle weakness of the lower

extremities, autonomic dysfunction, DLB

(Intern Med 55: 2771-2776, 2016)
(DOI: 10.2169/internalmedicine.55.6868)

Introduction

Dementia with Lewy bodies (DLB) is the second most
common degenerative dementia disorder, after Alzheimer’s
disease (AD) (1). DLB is characterized neuropathologically
by the presence of Lewy bodies (LB), containing o-
synuclein, in the brainstem and the cerebral cortex of pa-
tients (2, 3). The core clinical features of DLB are fluctuat-
ing cognitive dysfunction, visual hallucinations, and parkin-

sonism. Pneumonia is a common complication (4, 5), and is
the major cause of death in DLB patients (6, 7). Susceptibil-
ity to pneumonia in DLB patients may, in part, be caused by
aspiration due to swallowing dysfunction (8). In addition, a
previous report indicated that DLB patients have a decreased
ventilator response to hypercapnia due to respiratory auto-
nomic dysfunction (9). A decreased ventilator response re-
sults in the patient being more vulnerable to ventilatory fail-
ure during high-demand conditions, such as heart failure and
pneumonia, possibly leading to poorer outcomes (10). It is
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plausible that decreased ventilator responses are also related
to poor outcomes in DLB complicated by pneumonia. Our
previous study suggested that pneumonia is the most com-
mon cause of death in patients with DLB (11). Although it
is well documented that pneumonia has a significantly nega-
tive 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 pa-
tients’ 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 in-
fluencing the survival time from the onset of DLB to death.

Materials and Methods

Study design and subjects

The data in this study were obtained from an observa-
tional study in which we studied autopsy cases of confirmed
AD, vascular dementia (VaD), and DLB (11). 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, Toyo-
hashi, Japan, between January 2005 and December
2014 (12). 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 exami-
nation results. Data on the general and clinical backgrounds
of the patients, the incidence of pneumonia, comorbidities,
autonomic dysfunctions, causes of death, and neuropa-
thological 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.

This study was approved by the Institutional Review
Board of the University of Tsukuba and Choju Medical In-
stitute at Fukushimura Hospital. Written informed consent
was obtained from the patients’ relatives.

Diagnosis and definitions

The details of the neuropathological diagnosis of DLB
and cause of death have been described in our previous
study (11). For ensuring the accuracy of the cause of death,
including sudden death, two investigators independently re-
viewed the data with masked clinical diagnoses written by
the physician in charge (11).

The occurrence of pneumonia was defined as pneumonia
during hospitalization, once or more times, based on the di-
agnostic criteria established by the guidelines for the man-
agement of hospital-acquired pneumonia in adults by the
Japanese Respiratory Society (13).

The time of dementia onset was defined as year when pa-

tients first experienced forgetfulness, disorientation, abnor-
mal behavior, delusions, or visual hallucinations, according
to the Guidelines for Dementia 2010 (14). The duration of
hospitalization was defined as the time from hospital admis-
sion 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, con-
stipation, increased sputum production, and swallowing dys-
function were all clinically diagnosed by physicians special-
izing in geriatric medicine during the hospitalization.

Statistical analysis

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 279 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 con-
ducted using the SPSS Statistics 22.0 software program
(IBM, Armonk, USA). For all analyses, significance levels
were two tailed, and p<0.05 was considered to be signifi-
cant.

Results

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 Ta-
ble 1.

The median age of DLB onset was 78 years of age. Al-
though 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 pa-
tients.
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Table 1. General Characteristics of Patients with Dementia
with Lewy Bodies.
n=42
Total - n (%)
Sex - n (%)
Male 14 (31.8)
Female 30 (68.2)
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) 1,050 (1,000-1,140)
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(7.1)
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(7.1)

DLB: dementia with Lewy bodies,
gastrostomy, IQR: interquartile range

PEG: percutaneous endoscopic

Clinical conditions of DLB patients at death

Of the 39 DLB patients with pneumonia, the median age
at death was 86 years [interquartile range (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 re-
nal failure (15.4%) and respiratory failure (12.8%). Sudden
death was observed in 10.3% of the DLB patients.

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

The Kaplan-Meier curve in Figure 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 emphy-
sema, from the time of DLB onset to death. There were sig-
nificant 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 279 years (p<0.001). No significant dif-
ferences were observed between the patients with and with-
out sleep disorder, or between those with and without the
comorbidities investigated in this study.

In the DLB patients with pneumonia, the Cox propor-
tional hazard model revealed a male sex (HR, 2.83), age of
onset 278 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).

Discussion

We found that the prognostic factors identified in autopsy-
confirmed DLB  patients with pneumonia  were
pathologically-confirmed cerebral infarction, muscle weak-
ness of the lower extremities, a male sex, and older age at
onset (278 years).

Of the patients with DLB in this study, only three did not
develop pneumonia during hospitalization (Table 1), and
pneumonia was the most common cause of death (Table 2)
in those who were affected. Our results are consistent with
those of previous studies, such as those reporting a high in-
cidence of pneumonia (4,5) and a high frequency of
pneumonia-associated mortality in patients with DLB (6).

In the present study, 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 (15).
One of the independent factors associated with disease pro-
gression in this study was cerebral infarction (Table 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 between the
clinical features and cerebrovascular lesions in DLB, a pre-
vious report indicated no greater susceptibility to death from
stroke (16). Although our data did not include any neuro-
imaging findings, our results indicated the possibility of the
long-term influence of cerebral infarction, including asymp-
tomatic 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 1). Muscle weakness was
also evaluated as a potential prognostic factor of DLB by
the Cox proportional hazard model (Table 3). Although mus-
cle 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 deteriora-
tion (17, 18). In addition, a low pulmonary function was
found to be associated with a low muscle mass in
community-dwelling elderly people (19). Similar to these
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Table 2. Clinical Condition of Death among DLB Patients with Pneu-

monia.
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. 53-7)
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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bodies to death. Comparisons of each covariance were tested using the log-rank test.
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Table 3. Risk Factors for Survival Time of Dementia with Lewy Bodies by Cox Hazard Mod-

el.
HR 95% CI p value
Sex - Male 2.84 1.24 -6.50 0.014
Age of onset - >78 yr. 4.71 1.82-12.18 0.001
Cerebral infarction 2.36 1.12-4.96 0.023
Muscle weakness of the lower extremities 2.04 0.95-4.39 0.067
n=39

HR: hazard ratio, CI: confidence interval. p value: chi-squared test

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).

observations, the results of the present study suggest that
weakness of the extremities in DLB patients may be associ-
ated with a low respiratory function and thus aggravate the
poor prognosis for patients with pneumonia. Along with de-
creasing physical activity, the daily activities of a patient
would decrease gradually and this might shorten the pa-
tients’ life.

Although the smoking history of our patients was difficult
to collect, quite a high incidence of respiratory emphysema
was observed (Table 1). Liao et al. reported that in COPD
patients with dementia, the incidence rate of hospital mortal-
ity was higher than those of dementia patients without
COPD (20). 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 (Figure). 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 assess-
ments (21, 22) on this kind of group of patients, swallowing
dysfunction was observed in 61.9% of the DLB patients
(Table 1). It has been reported that susceptibility to pneumo-
nia in DLB may be attributed to swallowing dysfunc-
tion (23). Despite the possibility that swallowing dysfunc-
tion may induce pneumonia, in the present study, this was
not associated with a shortened life expectancy in DLB pa-
tients with pneumonia, and it also was not identified as a
prognostic factor in DLB with pneumonia (Table 3). Al-
though 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 (24). The
results of the present study are therefore compatible with the
previous studies.

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 (Ta-
ble 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 pa-
tients with DLB (25). 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 find-
ings of a previous report in Japan (7).

The present study is associated with some limitations. 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 commence-
ment 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 re-
sults 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) (26). 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 fac-
tors that may be related to disease progression in patients
with DLB, such as orthostatic hypotension (27), parkinson-
ism, nutrition support, and the reasons for hospital admis-
sion might exist, but they were not included in the analysis
in the present study.

In conclusion, careful management and the prevention of
cerebral infarction and muscle weakness in DLB patients
with respiratory tract infection are crucial factors for maxi-
mizing the patients’ life expectancy, as well as for improv-
ing the patients’ end-of-life care. The results of the present
study warrant further prospective cohort studies with a larger
group of patients.

2775



Intern Med 55: 2771-2776, 2016 DOI: 10.2169/internalmedicine.55.6868

The authors state that they have no Conflict of Interest (COI).

Financial Support

This study was supported by a Grant-in-Aid for Scientific Re-
search on Innovative Areas (Comprehensive Brain Science Net-
work) from the Ministry of Education, Science, Sports and Cul-
ture of Japan.

Acknowledgement

The authors thank Takeshi Kanesaka, Norihiro Ogawa,
Tamami Manabe, and Etsuhisa Kuwahara for their valuable assis-
tance.

References

1. McKeith IG, Galasko D, Kosaka K, et al. Consensus guidelines
for the clinical and pathologic diagnosis of dementia with Lewy
bodies (DLB): report of the consortium on DLB international
workshop. Neurology 47: 1113-1124, 1996.

2. Kosaka K, Yoshimura M, lkeda K, Budka H. Diffuse type of
Lewy body disease: progressive dementia with abundant cortical
Lewy bodies and senile changes of varying degree-a new disease?
Clin Neuropathol 3: 185-192, 1984.

3. Perry RH, Irving D, Blessed G, Fairbairn A, Perry EK. Senile de-
mentia of Lewy body type. A clinically and neuropathologically
distinct form of Lewy body dementia in the elderly. J Neurol Sci
95: 119-139, 1990.

4. Yamamoto T, Kobayashi Y, Murata M. Risk of pneumonia onset
and discontinuation of oral intake following videofluorography in
patients with Lewy body disease. Parkinsonism Relat Disord 16:
503-506, 2010.

5. Lai EC, Wong MB, Iwata I, et al. Risk of pneumonia in new users
of cholinesterase inhibitors for dementia. J Am Geriatr Soc 63:
869-876, 2015.

6. Hishikawa N, Hashizume Y, Yoshida M, Sobue G. Clinical and
neuropathological correlates of Lewy body disease. Acta Neuropa-
thol 105: 341-350, 2003.

7. Horimoto Y, Matsumoto M, Akatsu H, et al. Autonomic dysfunc-
tions in dementia with Lewy bodies. J Neurol 250: 530-533, 2003.

8. Londos E, Hanxsson O, Alm Hirsch I, Janneskog A, Biillow M,
Palmgqvist S. Dysphagia in Lewy body dementia: a clinical obser-
vational study of swallowing function by videofluoroscopic exami-
nation. BMC Neurol 13: 140, 2013.

9. Mizukami K, Homma T, Aonuma K, Kinoshita T, Kosaka K,
Asada T. Decreased ventilatory response to hypercapnia in demen-
tia with Lewy bodies. Ann Neurol 65: 614-617, 2009.

10. Dyer C. The interaction of ageing and lung disease. Chron Respir
Dis 9: 63-67, 2012.

11. Manabe T, Mizukami K, Akatsu H, et al. Influence of pneumonia
complications on the prognosis of patients with autopsy-confirmed
Alzheimer’s disease, dementia with Lewy bodies, and vascular de-
mentia. Psychogeriatrics (in press).

12. Akatsu H, Takahashi M, Matsukawa N, et al. Subtype analysis of
neuropathologically diagnosed patients in a Japanese geriatric hos-

pital. J Neurol Sci 196: 63-69, 2002.

13. The committee for the Japanese Respiratory Society guidelines in
management of respiratory infections. The Japanese Respiratory
Society guideline for the management of hospital-acquired pneu-
monia in adults 2008. Respirology 14: S1-S71, 2009.

14. Writing Committee of the Guideline for Dementia, Japanese Soci-
ety of Neurology. The Guideline for Dementia 2010. Igakusyoin,
Tokyo, 2010: 11-16 (in Japanese).

15. Cercy SP, Bylsma FW. Lewy bodies and progressive dementia: a
critical review and meta-analysis. J Int Neuropsychol Soc 3: 179-
194, 1997.

16. Jellinger KA. Prevalence of vascular lesions in dementia with
Lewy bodies. A postmortem study. J Neural Transm 110: 771-778,
2003.

17. Al Snih S, Markides KS, Ray L, Ostir GV, Goodwin JS. Handgrip
strength and mortality in older Mexican Americans. ] Am Geriatr
Soc 50: 1250-1256, 2002.

18. Laukkanen P, Heikkinen E, Kauppinen M. Muscle strength and
mobility as predictors of survival in 75-84-year-old people. Age
Ageing 24: 468-473, 1995.

19. Jeon YK, Shin MJ, Kim MH, et al. Low pulmonary function is re-
lated with a high risk of sarcopenia in community-dwelling older
adults: the Korea National Health and Nutrition Examination Sur-
vey (KNHANES) 2008-2011. Osteoporos Int 26: 2423-2429,
2015.

20. Liao KM, Lin TC, Li CY, Yang YH. Dementia increases severe
sepsis and mortality in hospitalized patients with chronic obstruc-
tive pulmonary disease. Medicine (Baltimore) 94: €967, 2015.

21. Teramoto S, Fukuchi Y. Detection of aspiration and swallowing
disorder in older stroke patients: simple swallowing provocation
test versus water swallowing test. Arch Phys Med Rehabil 81:
1517-1519, 2000.

22. Teramoto S, Matsuse T, Fukuchi Y, Ouchi Y. Simple two-step
swallowing provocation test for elderly patients with aspiration
pneumonia. Lancet 353: 1243, 1999.

23. Shinagawa S, Adachi H, Toyota Y, et al. Characteristics of eating
and swallowing problems in patients who have dementia with
Lewy bodies. Int Psychogeriatr 21: 520-525, 2009.

24. Goldberg LS, Altman KW. The role of gastrostomy tube place-
ment in advanced dementia with dysphagia: a critical review. Clin
Interv Aging 9: 1733-1739, 2014.

25. Stubendorff K, Aarsland D, Minthon L, Londos E. The impact of
autonomic dysfunction on survival in patients with dementia with
Lewy bodies and Parkinson’s disease with dementia. PLoS One 7:
e45451, 2012.

26. Fein AM. Pneumonia in the elderly. Special diagnostic and thera-
peutic considerations. Med Clin North Am 78: 1015-1033, 1994.

27. Andersson M, Hansson O, Minthon L, Ballard CG, Londos E. The
period of hypotension following orthostatic challenge is prolonged
in dementia with Lewy bodies. Int J Geriatr Psychiatry 23: 192-
198, 2008.

The Internal Medicine is an Open Access article distributed under the Creative
Commons Attribution-NonCommercial-NoDerivatives 4.0 International License. To
view the details of this license, please visit (https://creativecommons.org/licenses/
by-nc-nd/4.0/).

© 2016 The Japanese Society of Internal Medicine
http://www.naika.or.jp/imonline/index.html

2776



