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Pneumonia is the third largest cause of death in Japan.  Chest physicians have been struggling to improve 
the outcome of pneumonia treatment in acute care settings.  However, a poor long-term prognosis after 
pneumonia has not been well recognized.  Furthermore, the factors related to the poor prognosis, 
especially the possible involvement of senescence-related disability, have not been identified.  In this study, 
long-term outcomes after discharge from hospital were retrospectively analyzed to identify factors related to 
the poor long-term prognosis.  Outcomes of 958 pneumonia patients who were discharged from South 
Miyagi Medical Center (Miyagi, Japan) from June 1, 2008 to March 31, 2014 were determined through 
patient surveys or medical record reviews on September 26, 2014.  Survival curves were constructed and 
compared according to various factors.  Multivariate analysis revealed that all levels of decrease in physical 
activity, an age of 80 years old or more, the most severe status in Japanese Respiratory Society pneumonia 
severity grading system, the presence of antibiotic-resistant bacteria, and comorbid malignancy significantly 
reduced long-term survival.  The effects of dementia, neuromuscular disease, heart disease, and nursing 
care residency on long-term survival were detected only with univariate analysis.  Physical activity 
influenced the acute-phase and the long-term prognosis of pneumonia.  This report provides information to 
assist physicians in giving better suggestions to disabled older patients when choosing pneumonia 
treatment options.  In conclusion, we propose that death related to pneumonia can be prevented in the 
same way as non-communicable diseases by improving physical activity.
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Introduction
Japan is one of the most aged societies in the world, 

and is classified as a “super-aged society”, a society in 
which individuals aged 65 years or older account for more 
than 21% of the total population.  It has been reported that 
the prevalence and mortality rate of pneumonia drastically 
increases in persons aged 65 years or older (Kohno et al. 
2013).  Actually, in 2011 in Japan, pneumonia replaced 
cerebrovascular disease as the third largest cause of death, 
despite this being the era of antibiotics (Statistics and 
Information Department, Minister’s Secretariat, Ministry of 
Health, Labour and Welfare 2014).  There have been 
continuous attempts to improve the outcome of pneumonia 
treatment (Miyashita et al. 2006).  However, most of the 
pneumonia-related deaths that appear in vital statistics and 

that chest physicians are aiming to improve occur during 
the acute phase of pneumonia treatment.  Some surviving 
patients are subsequently transferred to other hospitals or 
health-care facilities from acute care hospitals after 
completing treatment for pneumonia, usually because they 
can no longer live independently.  A good prognosis for 
these patients cannot be expected after discharge from an 
acute care hospital, despite the treatment in acute care 
hospital occasionally being uncomfortable especially for 
older patients.  We are suspicious of the idea that improving 
short-term survival during hospitalization sufficiently 
qualifies as successful pneumonia treatment for these 
patients.

There are a few reports detailing a poor long-term 
prognosis for pneumonia patients.  Long-term prognoses 
after hospitalization due to pneumonia are worse than those 
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of hospitalization because of other causes (Koivula et al. 
1999; Yende et al. 2007; Bordon et al. 2010).  Further, 
factors such as age, pneumonia severity, combinations of 
comorbidities, nursing home residency, and poor nutrition 
have been shown as risk factors for a poor long-term 
prognosis after pneumonia treatment (Hedlund et al. 1993; 
Mortensen et al. 2003; Johnstone et al. 2008).  However, 
most of these previous reports studied patients of a younger 
age group than that of much the current Japanese 
population, and because of this, lack the discussion of 
patients’ senescence-related disability statuses in their 
analyses.

The Japanese Respiratory Society (JRS) has been 
releasing guidelines for the treatment of pneumonia in 
different situations; community-acquired pneumonia (CAP), 
hospital-acquired pneumonia (HAP), and nursing and 
healthcare-associated pneumonia (NHCAP).  JRS’s newest 
guidelines addressing the treatment of pneumonia in aged 
and disabled patients requiring nursing care (NHCAP) 
differ from previous JRS guidelines on CAP or HAP, and 
suggest that patients, as well as their physicians and family 
members providing their nursing care, should decide where 
and how treatment is administered both before and after 
hospitalization for pneumonia depending on the patient’s 
condition (Miyashita et al. 2006; Japanese Respiratory 
Society 2008; Kohno et al. 2013).  Although each of the 
guidelines is from a different perspective, all of them were 
made for the common purpose of improving outcome 
within acute care settings, but not for longer periods after 
the development of pneumonia.  Further, although the new 
guidelines for NHCAP suggest attenuating the aggres-
siveness of treatment based on a patient-surrogate joint 
decision, the guidelines do not recommend clinical 
indicators for deciding the appropriate treatment, nor 
guidance on how to improve long-term survival after 
pneumonia.

In the present study, we sought to clarify the predicting 
factors that affect the long-term survival of patients 
hospitalized for pneumonia in the Japanese population 
using the parameters employed in the Japanese pneumonia 
guidelines, including disability status, with the goal of 
addressing the viewpoint of long-term survival in the 
current Japanese guidelines on NHCAP.  This would 
improve clinical recommendations for a large amount of the 
population to increase survival after pneumonia and for 
elderly pneumonia patients and their families to receive 
better information and advice on treatment options.

Materials and Methods
This is a retrospective cohort study, evaluating patients who 

were diagnosed as having pneumonia by chest physicians and were 
hospitalized and discharged from the South Miyagi Medical Center 
after completing antibiotic therapy from June 1, 2008 to March 31, 
2014.  A survey was sent to surviving patients and their families to 
assess the patients’ long-term outcomes.  For patients who failed to 
respond, clinical records were evaluated to determine whether the 

patient had died.  If the patient’s fate could not be determined, even 
after a clinical record review, then the last known hospital visit was 
recorded as the date of censor.  The clinical records of the included 
patients were examined by one experienced chest physician to deter-
mine the manner of hospitalization, the severity of pneumonia, pre-
existing comorbidities at the time of hospitalization, and the degree of 
disability before the development of pneumonia.  The A-DROP score 
established in JRS guidelines to grade CAP severity (which assesses a 
person for age (A), dehydration (D), respiratory failure (R), 
orientation disturbance (O), and low blood pressure (P)) was used to 
grade pneumonia severity (Miyashita et al. 2006).  In this JRS-CAP 
severity grading system, each of A-DROP factors is given one point, 
and the pneumonia severity was expressed as the number of the 
matched factors of each patient, as most moderate severity score 0 to 
most severe score 5.  The performance status (PS), as described by 
the Eastern Cooperative Oncology Group (ECOG) (Oken et al. 1982), 
was used to grade the degree of disability in accordance with the JRS 
guidelines on NHCAP (Kohno et al. 2013).

The prognostic data and patient characteristics were combined 
into one data sheet and subjected to statistical analysis.  Long-term 
survival was compared after stratifying patients in accordance with 
the following clinical factors: age, pneumonia severity, ECOG PS, 
location of care, pre-existing comorbidities, and the presence of anti-
biotic-resistant pathogens.  The following comorbidities were evalu-
ated: dementia, including Alzheimer’s disease, vascular dementia, 
and dementia with Lewy bodies; neuromuscular disease, including 
cerebrovascular disease, Parkinson’s disease, and myopathy; cardio-
vascular disease, including ischemic heart disease, valvular disease, 
atrial fibrillation, and chronic heart failure; chronic kidney disease, 
including glomerulonephritis and chronic renal failure; chronic liver 
disease, including chronic hepatitis and liver cirrhosis; diabetes melli-
tus; rheumatoid arthritis and other vascular collagen diseases; bone 
fracture within the previous month; malignancies, irrespective of sur-
gical resection; and chronic respiratory diseases, including chronic 
obstructive pulmonary disease, bronchial asthma, bronchiectasis, 
interstitial lung disease, and chronic respiratory failure due to other 
causes.  Methicillin-resistant Staphylococcus aureus (MRSA), 
Pseudomonas aeruginosa, Stenotrophomonas maltophilia, and 
Serratia marcescens were defined as antibiotic-resistant pathogens in 
this study.

Patients who died while hospitalized during the study period 
were separately analyzed for the same parameters for comparison 
with the long-term survival of discharged patients.  This study was 
approved by the Ethics Committee of South Miyagi Medical Center 
on July 30, 2014.

 Statistical analysis
Data pertaining to the first hospitalization of all patients were 

used for comparisons of the long-term prognosis.  Data pertaining to 
all hospitalizations of all patients, including multiple hospitalizations 
of the same patient, were used for comparisons of the acute phase 
prognosis during hospitalization.  Fisher’s exact test was used for 
comparison in various patient groups.  Survival curves were con-
structed using the Kaplan-Meier method and compared using a log-
rank test.  Furthermore, factors relating to long-term survival after 
hospitalization for pneumonia were analyzed using the multivariate 
Cox proportional hazards model.  For analysis of the effect of various 
factors on acute phase death during hospitalization, binominal logistic 
regression analysis was performed.  The Student t-test was used for 
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all other comparisons.  Missing values were manipulated to blank in 
the statistical analysis in this study.  A p < 0.05 was considered statis-
tically significant.  All statistical analyses were performed using Excel 
Toukei 2012 (Social Survey Research Information Co., Ltd., Tokyo, 
Japan), except for the Cox model analysis, and were supported, in 
part, by Medical Toukei Corporation (Tokyo, Japan).

Results
Patient characteristics

During the study period, 1,093 patients were hospital-
ized 1,359 times for pneumonia, which was diagnosed by 
chest physicians at the South Miyagi Medical Center.  
Among these patients, 82.4% hospitalizations involved 
patients aged ≥ 70 years.  The mean patient age at hospital-
ization was 78.2 years, and the median age was 82 years.  
Patients were treated using the strategy in JRS’s CAP 
guidelines.  A total of 157 patients (representing 11.5% of 
all hospitalizations) died during hospitalization (Table 1); 
among these patients, 136 patients died during the first 
hospitalization.  161 patients were receiving care at the out-
patient care clinic of the hospital.  The survey was adminis-
tered to 807 patients and their families, and there were 454 
responses (259 patients were alive; 141 patients had died, 
and the status of 54 patients was unknown).  A total of 56 
questionnaires were returned because of an incorrect 
address.  The prognosis of the nonrespondents (n = 353) 
was determined by examining their medical records.  The 

number of patients bearing each prognostic factor in the 
patients discharged from hospital after completing antibiotic 
treatment is shown in Table 2.

Acute phase morbidity
Patients who died during the acute phase treatment had 

a significantly higher A-DROP score (p < 0.001) and higher 
PS (p < 0.01) than patients who were discharged from hos-
pital alive (Table 1).  Age, although it is included in the 
A-DROP score, and rate of nursing care facility residency 
did not affect acute phase mortality.  Concerning 
comorbidities, only malignancy (p < 0.05) was associated 
with decreased short-term survival during hospitalization 
(Table 1).  Among the patients who died during 
hospitalization, 21 tested positive for antibiotic-resistant 
bacteria, and 11 were treated with antibiotics specified for 
the treatment of these bacteria, such as vancomycin for 
MRSA.  Among the patients discharged from hospital after 
completing antibiotic therapy, 62 had antibiotic-resistant 
bacteria, and 29 were treated with specified antibiotics.  
There was no significant difference in the mortality and the 
rate of specific antibiotic usage in the patients carrying 
antibiotic-resistant bacteria between the patients who died 
during acute-phase treatment and those who survived (p = 
0.156 and 0.801, respectively).

aThe A-DROP scoring system assesses the following parameters: (1) age (men ≥ 70 years, 
women ≥ 75 years); (2) dehydration (i.e., blood urea nitrogen level ≥ 210 mg/L); (3) 
respiratory failure (SaO2 ≤ 90% or PaO2 ≤ 60 mmHg); (4) orientation disturbance (i.e., 
confusion); and (5) low blood pressure (systolic blood pressure ≤ 90 mm Hg).  The data 
are presented as the mean ± the standard deviation or as the number.
*p < 0.05, **p < 0.01, and ***p < 0.001.

Table 1.  Short-term outcomes of hospitalization for pneumonia.
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Disease severity, PS, manner of hospitalization, and resis-
tant pathogens

For patients discharged from the hospital after 
completing antibiotic therapy, long-term survival decreased 
with the advance in degree of PS (Fig. 1).  Compared to the 
patients with a fully active state; PS 0, long-term survival 
was significantly reduced in all other PS levels, including 
the very slightly disabled status; PS 1, when compared with 
multivariate analysis.  Long-term survival also decreased 
with increasing age, severity of pneumonia, but a significant 
decrease in long-term survival was observed only in the 
patients aged 80 or older, or with the most severe 
pneumonia; A-DROP score 5, with multivariate analysis 
(Fig. 2, Table 2).

Long-term survival was significantly lower for patients 
carrying antibiotic-resistant bacteria, although a significant 
difference was not observed in the acute-phase (p < 0.001; 
Fig. 3 left panel, Table 2).  Among the patients with 
antibiotic-resistant bacteria, treatment with antibiotics 
specified to antibiotic-resistant bacteria did not alter the 
prognosis (p = 0.640; Fig. 3 right panel).

Univariate analysis, but not multivariate analysis 
revealed that nursing care facility residency significantly 
influenced long-term survival (p < 0.001; Fig. 2, Table 2).

Comorbidities
For patients discharged from the hospital after 

completing antibiotic therapy, decreased long-term survival 
was associated with malignancy (p < 0.001), dementia (p < 
0.001), chronic heart disease (p < 0.05), and neuromuscular 
disease (p < 0.01), based on the univariate model (Fig. 4, 
Table 2).  Multivariate analysis revealed that only 
malignancy (p < 0.001) was an independent factor for 
decreased long-term survival after hospitalization for 
pneumonia (Table 2).  The survival curves for patients with 
and without chronic respiratory disease intersected but there 
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Fig. 2.  Effect of age, pneumonia severity, and nursing home residency on long-term survival after pneumonia.
 The effect of age, pneumonia severity (A-DROP score), and the manner of hospitalization on long-term survival after 

hospitalization in pneumonia patients, who completed antibiotic-treatment and were discharged, was studied.  Survival 
decreases with increasing age and with increasing pneumonia severity.  A significant decrease in long-term survival was 
observed in the patients aged 80 years or older compared to patients aged 10~49 years old (p < 0.05), and in those with 
an A-DROP score of 5 compared to those with a score of 0 (p < 0.05) with multivariate analysis.  Patients transferred 
from nursing facilities also exhibit decreased long-term survival compared to those who came from their own home, but 
it was significant only with univariate analysis, not with multivariate analysis.
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Fig. 1.  Effect of disability on long-term survival after 
pneumonia.

 The effect of each grade of disability at hospitalization 
on long-term survival after hospitalization in pneumonia 
patients, who completed antibiotic-treatment and were 
discharged, was studied.  Eastern Cooperative Oncology 
Group (ECOG)-performance status (PS) was used to 
classify the grade of disability following JRS guideline 
for NHCAP.  Compared to patients with PS 0, a 
significant decrease in long-term survival was detected in 
all other PS with multivariate analysis.  *p < 0.05, **p < 
0.01, ***p < 0.001.  Each grade of ECOG-PS was 
determined as follows; PS 0: Fully active, able to carry 
on all pre-disease performance without restriction.  PS 1: 
Restricted in physically strenuous activity but ambulatory 
and able to carry out work of a light or sedentary nature, 
e.g., light house work, office work.  PS 2: Ambulatory 
and capable of all self care but unable to carry out any 
work activities.  Up and about more than 50% of waking 
hours.  PS 3: Capable of only limited self care, confined 
to a bed or chair more than 50% of waking hours.  PS 4: 
Completely disabled.  Cannot carry on any self care.  
Totally confined to a bed or chair.
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was no significant difference between the two curves (p = 
0.86; Fig. 4).  Diabetes mellitus tended to improve the sur-
vival curve, although this trend was not significant (p = 
0.06; Fig. 4).  Rheumatoid arthritis and other vascular col-
lagen diseases showed no impact on long-term survival (p = 
0.51).  The populations of patients with chronic liver dis-
ease or bone fractures were too small; therefore, their sur-
vival curves were not assessed.

Discussion
The present results reveal detailed risk factors for poor 

long-term prognosis; impaired physical activity, an age of 
over 80 years, very severe pneumonia status at admission; 
an A-DROP score of 5, the carrying of antibiotic-resistant 
bacteria, and comorbid malignancy.  Among them, physical 
activity (ECOG PS) was the most prominent factor for poor 
long-term prognosis after pneumonia.  This tendency is 
different from that of the acute phase mortality; in which 
pneumonia severity (A-DROP score) was the most 
prominent factor (Table 2).  There was a graded association 
between the long-term survival and ECOG PS, and in all 
levels of disability; PS 1 to PS 4, a significant decrease in 
long-term survival was observed.  Furthermore, approxi-
mately 40% of patients with PS 1 at hospitalization, and 
90% of those with PS 4 die within 5 years of hospitali za-
tion.  The data shows the possibility that improving and 
maintaining physical activity to a better degree is important 
for increasing survival long-term after pneumonia, and this 
strategy is consistent with that of non-communicable 
diseases, such as cardiovascular disease, diabetes and 
chronic respiratory diseases (WHO, World Health 
Organization 2014).  Age, under 80, and nursing care 
facility residency, which are the indicators of CAP and 

NHCAP in JRS guidelines, respectively, were not risk 
factors for both acute phase and long-term mortality in this 
study.  If patients were treated following the JRS’s CAP 
guidelines, these factors are not as important as the patient’s 
disability status.

In the JRS guidelines for NHCAP, pneumonia in 
disabled patients with an ECOG PS of ≥ 3 is of special 
concern (Kohno et al. 2013).  However, in this study, long-
term survival was decreased in patients with less severe 
disability; PS 1, and long-term survival gradually decreased 
as the severity of disability increased.  It may be difficult to 
differentiate between NHCAP and CAP by PS if the JRS 
guidelines aim to improve long-term survival after 
pneumonia.  Teramoto et al.  (2008) observed aspiration 
pneumonia, which is a result of senile deterioration and 
consists mostly of NHCAP, in patients as young as 50 years 
of age.  They also found that the prevalence of aspiration 
pneumonia increases with age, accounting for more than 
60% of CAP cases.  Their results indicate that adult 
pneumonia develops as a component of senile deterioration 
in a large proportion of patients from a very young age.  
Both from the view of disability status and pathogenesis, 
the boundary between CAP and NHCAP seems indistinct.

Carrying antibiotic-resistant bacteria was an indepen-
dent risk factor of long-term mortality of pneumonia in this 
study.  However, these antibiotic-resistant bacteria seem to 
colonize patients’ airways rather than pathogenic bacteria 
for the development of pneumonia, because both acute 
phase and long-term mortality were not improved by the 
use of antibiotics specified for the treatment of antibiotic-
resistant bacteria.  The first guidelines on healthcare-
associated pneumonia (HCAP) released by the American 
Thoracic Society were a treatment strategy for the 
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Fig. 3.  Effect of antibiotic-resistant bacteria burden on long-term survival after pneumonia.
 The effect of carrying antibiotic-resistant bacteria on long-term survival after hospitalization in pneumonia patients, 

who completed antibiotic-treatment and were discharged, was studied.  A significant decrease in long-term survival was  
observed in patients carrying antibiotic-resistant bacteria (n = 62) compared to those without antibiotic-resistant bacteria 
(n = 546) (left panel, p = 0.02).  However, in the patients carrying antibiotic-resistant bacteria, treatment with antibiotics 
specified for the treatment of antibiotic-resistant bacteria (n = 29) did not improve the long-term survival (patients car-
rying antibiotic-resistant bacteria treated without antibiotic-resistant-bacteria specific antibiotics: n = 33) (right panel,  
p = 0.603).
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pneumonia patient group with a high prevalence of 
antibiotic-resistant bacteria aiming at the use of specified 
antibiotics for these bacteria for a better outcome (American 
Thoracic Society 2005).  However, recent studies indicated 
the presence of these antibiotic-resistant bacteria is not 
related to the decreased mortality in HCAP and NHCAP 
patients (Polverino et al. 2013; Fukuyama et al. 2013).  Our 
results support these reports that antibiotic-resistant bacteria 
are not pathogenic factors for the development of 
pneumonia but are reflecting patients’ background 
conditions.  In this study, we could not come to specify the 
background factor(s) influencing the decreased mortality 
related to the presence of antibiotic-resistant bacteria; it 
may be different from the factors analyzed in this study.

Among the comorbidities studied in this report, 
malignancy was the only independent risk factor for long-

term survival after pneumonia.  The effects of other 
comorbidities such as dementia, neuromuscular disease, 
and chronic heart disease on long-term survival were only 
detected by univariate analysis.  Most chronic diseases 
develop slowly and progressively as a manifestation of 
senescence in the presence of multiple risk factors, such as 
raised blood pressure, obesity, hyperglycemia, and smoking; 
and then, cause various levels of disability (WHO 2014).  
Thus, it may be difficult to differentiate them as indepen-
dent risk factors in multivariate analyses in the presence of 
age and disability as factors.  In other words, in 
combination with patient age and the degree of disability, 
these factors are important predictors of long-term mortality.

Among chronic diseases, dementia is the most 
prominent risk factor of long-term pneumonia prognosis in 
this study, although it was not an independent factor of 
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Fig. 4.  Effect of comorbidities on long-term survival after pneumonia.
 The survival curves illustrate the effect of various chronic comorbidities on long-term survival after pneumonia in 

hospital-discharged patients.  Among the comorbidities, malignancy was the only independent risk factor of long-term 
survival after pneumonia when compared with multivariate analysis (p < 0.001).  The effects of dementia (p < 0.001), 
heart disease (p < 0.05), and neuromuscular disease (p < 0.01) on long-term survival were observed only with univariate 
analysis.  The presence of respiratory disease or diabetes mellitus does not appear to affect long-term survival after 
pneumonia.
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long-term survival.  Dementia is the most common cause of 
disability (Agüero-Torres et al. 1998; Yoshida et al. 2012).  
Further, it is an age-related chronic disease, and the number 
of patients with dementia is expected to increase with the 
age of the worldwide population (Alzheimer’s Disease 
International 2009).  Therefore, the prevention and 
treatment of dementia are important for improving survival 
after pneumonia.  Several factors, including poor childhood 
education, hypertension, smoking, and diabetes mellitus, 
are known risk factors for developing dementia in old age.  
It may be difficult to prevent the development of dementia, 
as sometimes, a change in lifestyle from childhood is 
required to prevent the development of dementia (Prince et 
al. 2014).  Choline sterase inhibitors and other dementia 
medications may also be candidates for relatively short-
term improve ment of survival after pneumonia or 
prevention of pneumonia, although the long-term effects of 
these medications for dementia treatment have not been 
definitively proven (Hansen et al. 2008).

Even after controlling for the aforementioned chronic 
comorbidities, pneumonia can occur in older individuals 
and lead to mortality, despite treatment with appropriate 
medications.  As explained in the NHCAP guidelines, it is 
important to determine whether the patient has end-of-life 
pneumonia because treatment in an acute care hospital is 
often painful, particularly for older patients.  Further, even 
if they could survive the end-of-life pneumonia, their 
quality of life would be largely deteriorated in most cases.  
However, in the present study, it was difficult to discern 
whether the patients had end-of-life pneumonia because the 
survival curves gradually decreased with increasing 
disability and age.  The presence of comorbidities and con-
finement to bed before pneumonia develops may help fami-
lies and attending physicians, who know the patient well, in 
deciding whether the pneumonia is occurring at the end of 
life.  Notably, several family physicians cite “death from 
senile deterioration” as the reason for death in older patients 
who succumb to aspiration pneumonia (Komiya et al.  
2013).  However, this diagnosis is difficult to determine in 
acute care settings because a patient’s condition on initial 
presentation to an acute care hospital is usually deteriorated 
and does not represent the patient’s long-term daily condi-
tion.  Several biomarkers have been proposed as prognostic 
indicators for the general population, although they are 
unrelated to pneumonia (Fischer et al. 2014).  If these bio-
markers are proven as good prognostic predictors of pneu-
monia, then they may help in deciding the treatment for 
such patients.  Until then, we should persistently ask 
patients and their families about their disability status 
before the development of pneumonia for the assessment of 
patients’ long-term prognoses and to be able to provide 
better advice.

Although this was a retrospective study including one 
hospital in a rural area of Japan, which is a super-aged soci-
ety, it has some strength.  First, the treatment plan for pneu-
monia was not affected by the retrospective study design.  

Second, patients were treated and cared for in the same 
manner in a single hospital.  However, lifestyles can differ 
substantially among patients, even within a single country.  
Medical and nursing care also affects the prognosis after 
hospital discharge, and the density of available care can dif-
fer among various populations such as rural or urban popu-
lations, or according to geographical location.  A compre-
hensive prospective study with a larger patient population is 
required to confirm our results.

In conclusion, we have identified several predictors of 
decreased long-term survival after hospitalization for pneu-
monia in a super-aged society.  These data suggest the tar-
gets for improving long-term survival after hospitalization 
for pneumonia, and may assist in making decisions regard-
ing the treatment of patients in nursing or long-term care 
facilities during or before they develop pneumonia.  This 
was a retrospective study that involved a single hospital in 
a rural area of northern Japan.  Therefore, additional pro-
spective studies with larger patient samples are required to 
confirm the results.

Acknowledgments
We thank Professor Iwayumi Suzuki of Tohoku University 

and Dr. Hiroo Naito for the discussion in planning this study and 
Mr. William B. Copper for reading the manuscript.

Conflict of Interest
The authors declare no conflict of interest.

References
Agüero-Torres, H., Fratiglioni, L., Guo, Z., Viitanen, M., von 

Strauss, E. & Winblad, B. (1998)  Dementia is the major cause 
of functional dependence in the elderly: 3-year follow-up data 
from a population-based study.  Am. J. Public Health, 88, 
1452-1456.

Alzheimer’s Disease International (2009)  World Alzheimer Report 
2009: The Global Prevalence of Dementia.

 http://www.alz.co.uk/research/files/WorldAlzheimerReport.pdf
  [Accessed: December 9, 2014].
American Thoracic Society (2005)  Guidelines for the management 

of adults with hospital-acquired, ventilator-associated, and 
healthcare-associated pneumonia.  Am. J. Respir. Crit. Care 
Med., 171, 388-416.

Bordon, J., Wiemken, T., Peyrani, P., Paz, M.L., Gnoni, M., Cabral, 
P., Venero, M.C. & Ramirez, J.; the CAPO Study Group 
(2010)  Decrease in long-term survival for hospitalized 
patients with community-acquired pneumonia.  Chest, 138, 
279-283.

Fischer, K., Kettunen, J., Würtz, P., Haller, T., Havulinna, A.S., 
Kangas, A.J., Soininen, P., Esko, T., Tammesoo, M.L., Mägi, 
R., Smit, S., Palotie, A., Ripatti, S., Salomaa, V., Ala-Korpela, 
M., et al. (2014)  Biomarker profiling by nuclear magnetic 
resonance spectroscopy for the prediction of all-cause 
mortality: an observational study of 17,345 persons.  PLoS 
Med., 11, e1001606.

Fukuyama, H., Yamashiro, S., Tamaki, H. & Kishaba, T. (2013)  A 
prospective comparison of nursing- and healthcare-associated 
pneumonia (NHCAP) with community-acquired pneumonia 
(CAP).  J. Infect. Chemother., 19, 719-726.

Hansen, R.A., Gartlehner, G., Webb, A.P., Morgan, L.C., Moore, 
C.G. & Jonas, D.E. (2008)  Efficacy and safety of donepezil, 
galantamine, and rivastigmine for the treatment of Alzheimer’s 



Physical Activity and Long-Term Survival after Pneumonia 245

disease: a systematic review and meta-analysis.  Clin. Interv. 
Aging, 3, 211-225.

Hedlund, J.U., Ortqvist, A.B., Kalin, M.E. & Granath, F. (1993)  
Factors of importance for the long term prognosis after 
hospital treated pneumonia.  Thorax, 48, 785-789.

Japanese Respiratory Society (2008)  The Japanese Respiratory 
Society guidelines for management of hospital-acquired 
pneumonia.

 http://www.jrs.or.jp/modules/guidelines/index.php?content_id=20.
 [Accessed: December 9, 2014].
Johnstone, J., Eurich, D.T., Majumdar, S.R., Jin, Y. & Marrie, T.J. 

(2008)  Long-term morbidity and mortality after hospitali za-
tion with community-acquired pneumonia: a population-based 
cohort study.  Medicine (Baltimore), 87, 329-334.

Kohno, S., Imamura, Y., Shindo, Y., Seki, M., Ishida, T., Teramoto, 
S., Kadota, J., Tomono, K. & Watanabe, A. (2013)  Clinical 
Practice Guidelines for Nursing- and Healthcare-associated 
Pneumonia (NHCAP) [complete Translation].  Respir. 
Investig., 51, 103-126.

Koivula, I., Stén, M. & Mäkelä, P.H. (1999)  Prognosis after 
community-acquired pneumonia in the elderly: a population-
based 12-year follow-up study.  Arch. Intern. Med., 159, 1550-
1555.

Komiya, K., Ishii, H., Kushima, H., Sato, S., Kimura, H., Yasuda, 
T., Okabe, E., Tokimatsu, I., Yamamoto, H. & Kadota, J. 
(2013)  Physicians’ attitudes toward the definition of “death 
from age-related physical debility” in deceased elderly with 
aspiration pneumonia.  Geriatr. Gerontol. Int., 13, 586-590.

Miyashita, N., Matsushima, T. & Oka, M. (2006)  The JRS guide-
lines for the management of community-acquired pneumonia 
in adults: an update and new recommendations.  Intern. Med., 
45, 419-428.

Mortensen, E.M., Kapoor, W.N., Chang, C.C. & Fine, M.J. (2003)  
Assessment of mortality after long-term follow-up of patients 
with community-acquired pneumonia.  Clin. Infect. Dis., 37, 
1617-1624.

Oken, M.M., Creech, R.H., Tormey, D.C., Horton, J., Davis, T.E., 
McFadden, E.T. & Carbone, P.P. (1982)  Toxicity and response 

criteria of the Eastern Cooperative Oncology Group.  Am. J. 
Clin. Oncol., 5, 649-655.

Polverino, E., Torres, A., Menendez, R., Cillóniz, C., Valles, J.M., 
Capelastegui, A., Marcos, M.A., Alfageme, I., Zalacain, R., 
Almirall, J., Molinos, L., Bello, S., Rodríguez, F., Blanquer, J., 
Dorado, A., et al. (2013)  Microbial aetiology of healthcare 
associated pneumonia in Spain: a prospective, multicentre, 
case-control study.  Thorax, 68, 1007-1014.

Prince, M., Albanese, E., Guerchet, M. & Prina, M. (2014)  The 
World Alzheimer Report 2014, Dementia and Risk Reduction: 
An analysis of protective and modifiable factors critically 
examines the evidence for the existence of modifiable risk 
factors for dementia.

 http://www.alz.co.uk/research/WorldAlzheimerReport2014.pdf
 [Accessed: December 9, 2014].
Statistics and Information Department, Minister’s Secretariat, 

Ministry of Health, Labour and Welfare (2014)  Vital statistics 
in Japan. Trends up to 2012.

 http://www.mhlw.go.jp/english/database/db-hw/dl/81-1a2en.pdf
 [Accessed: December 9, 2014] (in Japanese).
Teramoto, S., Fukuchi, Y., Sasaki, H., Sato, K., Sekizawa, K. & 

Matsuse, T.; Japanese Study Group on Aspiration Pulmonary 
Disease (2008)  High incidence of aspiration pneumonia in 
community- and hospital-acquired pneumonia in hospitalized 
patients: a multicenter, prospective study in Japan.  J. Am. 
Geriatr. Soc., 56, 577-579.

World Health Organization (WHO) (2014)  Global status report on 
noncommunicable diseases 2014, World Health Organization, 
Geneva.

Yende, S., Angus, D.C., Ali, I.S., Somes, G., Newman, A.B., 
Bauer, D., Garcia, M., Harris, T.B. & Kritchevsky, S.B. (2007)  
Influence of comorbid conditions on long-term mortality after 
pneumonia in older people.  J. Am. Geriatr. Soc., 55, 518-525.

Yoshida, D., Ninomiya, T., Doi, Y., Hata, J., Fukuhara, M., Ikeda, 
F., Mukai, N. & Kiyohara, Y. (2012)  Prevalence and causes of 
functional disability in an elderly general population of Japa-
nese: the Hisayama Study.  J. Epidemiol., 22, 222-229.


