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Abstract

Background: Pneumonia is the most common cause of death in patients with dementia, but the outcomes
of patients with dementia hospitalized with pneumonia are poorly understood. We sought to illuminate the
association between dementia and in-hospital mortality and discharge status in patients hospitalized with
pneumonia.

Methods: We used the Diagnosis Procedure Combination database, a national inpatient database in Japan, to
identify retrospectively patients aged ≥60 years admitted to hospital with pneumonia during the study period
of May 1, 2010 to March 31, 2014. We recorded their sex, age, body mass index, severity of pneumonia and comorbidities
(including dementia). The outcomes were in-hospital mortality and discharge home. Multivariable Cox regression analysis
was performed to analyze factors influencing discharge home.

Results:We identified 470,829 patients hospitalized with pneumonia; 45,031 were recorded as having dementia (9.6%).
In-hospital mortality was 13.1% and 13.4% in patients with and without dementia, respectively (P = 0.63). The proportions
of patients discharged home were 52.9% and 71.3% in patients with and without dementia, respectively (P < 0.001). The
adjusted hazard ratio for discharge home for patients with dementia was 0.68 (95% confidence interval, 0.67–0.69; P < 0.001).

Conclusions: In-hospital mortality from pneumonia did not differ significantly between patients with and
without dementia; however, those with dementia were less likely to be discharged home.
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Background
Pneumonia and dementia are major concerns as soci-
eties age worldwide [1, 2]. They frequently coexist
[3]; pneumonia is the most common cause of death
in patients with dementia [4, 5], and dementia is a
well-recognized risk factor for community acquired
pneumonia [6] and aspiration pneumonia [7] in the
elderly. Pneumonia is also reportedly associated with
poor long-term prognosis in patients with dementia
[8, 9]. Several studies have assessed the association

between independent comorbidities with in-hospital
mortality [10–12] in patients with pneumonia; how-
ever, the influence of dementia is not completely
understood.
Patients with dementia frequently have impaired

ability to engage with activities of daily living, and
may be bedridden before or after the diagnosis of
pneumonia, potentially resulting in failure to be
discharged home after hospitalization. Factors associ-
ated with discharge home has been intensively studied
in stroke patients [13–15]. Dysphagia and cognitive
deficit have been reported as risk factors for discharge
disposition [13, 14]. Whereas, to the best of our
knowledge, the relationship between dementia and
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discharge status in elderly patients with pneumonia
has not been examined.
We used a national inpatient database in Japan to

establish whether a diagnosis of dementia influences in-
hospital prognosis or discharge status in elderly patients
with pneumonia.

Methods
Data source and patient selection
Ours was a retrospective cohort study using the Japanese
Diagnosis Procedure Combination (DPC) database [16, 17],
which comprises administrative claims data and
discharge abstract data. It contains main diagnosis,
primary diagnosis on admission, comorbidities present
on admission and comorbidities diagnosed during
each episode of hospitalization, recorded using International
Classification of Diseases and Related Health Problems, 10th
Revision (ICD-10) codes with corresponding text data in
Japanese. Comorbidities are scored according to the updated
Charlson comorbidity index (CCI) [18]. The database also
records each patient’s age, sex, height and weight, prescrip-
tion records, intensive care unit admission and discharge
status, and the following information required to quantify
the severity of pneumonia in accordance with the A-DROP
system [19, 20]: blood urea nitrogen (BUN), peripheral oxy-
gen saturation (SpO2) while breathing a fraction of inspired
oxygen <0.35 or ≥0.35, level of consciousness and systolic
blood pressure. Level of consciousness was assessed using
the Japan Coma Scale. Japan Coma Scale score 0 denoted
alert consciousness; scores 1–3 denote delirium; scores 10–
30 denote somnolence; and scores 100–300 denote coma
[21]. In the present study, Japan Coma Scale scores ≥1 were
defined as “impaired consciousness”.
We identified patients aged ≥60 years hospitalized with

pneumonia (ICD-10 code J10 − J18 or J69) between May
1, 2010 and March 31, 2014. Among these patients,
those with dementia were identified by the ICD codes
for ‘dementia’ (F00–F03 or G30) or the prescription of
donepezil, galantamine, rivastigmine or memantine.
Patients with cancer and dysphagia was identified by
ICD codes for ‘Neoplasm’ (C) and ‘dysphagia’ (R13),
respectively.

Ethical considerations
Conduct of the study was approved by the Institutional
Review Board of The University of Tokyo, which waived
the requirement for informed consent owing to the ano-
nymity of the data.

Outcome
The study outcome was discharge status (discharge home,
discharge to another facility or all-cause in-hospital death).

Statistical analysis
Body mass index (BMI) was grouped into the following
six categories according to the World Health Organization
body mass index (BMI) classification: <15.9, 16.0–16.9,
17.0–18.4, 18.5–22.9, 23.0–24.9, 25–29.9, 30.0–34.9 and
≥35.0 kg/m2 [22]. Patients with missing data for height
and/or weight were categorized as missing. Pearson’s chi
squared test was used to compare proportions of categor-
ical variables between patients with and without dementia
hospitalized with pneumonia. Kaplan-Meier analysis
followed by Cox proportional hazards regression analysis
using length of hospitalization as time variable was
performed and the variables influencing discharge home
were assessed. Discharge to other facilities and in-hospital
death were regarded as censored. The independent vari-
ables included dementia, age, sex, BMI, total A-DROP
score or ADROP items (BUN >21 mg/dl, SpO2 < 90%, im-
paired consciousness, systolic blood pressure < 90 mmHg),
cancer, hemodialysis and intensive care unit admission.
We classified A-DROP score as follows; mild: 0, moderate:
1-2, severe: 3, most severe: 4-5 or systolic blood
pressure < 90 mmHg. Multiple imputation method was
utilized to impute missing values in BMI and A-DROP
items [23, 24]. Multivariate imputation by chained equa-
tions technique was applied to obtain 20 imputed datasets
by using the following covariates: dementia, age, sex, CCI,
cancer, hemodialysis and intensive care unit admission.
Estimates from the 20 imputed datasets where then
combined by fitting into Rubin’s rule for acquisition of
combined imputation estimates and standard errors [25].
Statistical analyses were performed using SPSS version
22.0 (IBM Corp., Armonk, NY, USA) and Stata/MP ver-
sion 14 (StataCorp, College Station, TX, USA).

Results
We identified a total of 470,829 patients aged ≥60 years
hospitalized with pneumonia during the study period: of
these, 45,031 (9.6%) had dementia and 100,198 (21.3%)
were admitted more than once. Dysphagia and nasogas-
tric tube feeding was observed in 4953 (11.0%) and 4120
(9.1%) patients with dementia, respectively, and 19,980
(4.7%) and 22,123 (5.2%) patients without dementia, re-
spectively. Of those admitted more than once, 9118
(9.1%) had dementia and 91,080 (90.9%) did not.
Table 1 shows the demographic and clinical characteris-

tics of patients hospitalized with pneumonia. Age, sex,
BMI, A-DROP score, CCI and cancer differed significantly
between patients with and without dementia. In particular,
patients with dementia were younger and had lower BMI
compared to those without dementia. Missing values of
BMI were observed in 22.0% and 16.1% of Patients with
and without dementia, respectively. Values of BUN, SpO2,
consciousness and systolic blood pressure were missing in
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1.8% and 2.2%, 1.9% and 2.3%, 3.2% and 2.3% and 1.6% and
2.1% in patients with and without dementia, respectively.
Discharge status is presented in Table 2. The propor-

tion of patients with dementia discharged home was sig-
nificantly lower than the proportion of non-dementia
patients (52.9% versus 71.3%, respectively; P < 0.001).
There was no significant difference in all-cause in-
hospital mortality between the groups (13.1% in those
with dementia versus 13.4% in those without, P = 0.65).
In the Cox proportional hazards regression model, the

adjusted hazard ratio for discharge home was 0.68 (95%
confidence interval 0.67–0.69, P < 0.001) for those with
dementia with reference to those without. Age, A-DROP

items (BUN, SpO2, level of consciousness, systolic blood
pressure), cancer, hemodialysis and intensive care unit
admission was significantly associated with reduction in
discharge home, while higher BMI was significantly as-
sociated with increase in discharge home (Table 3). The
proportion of patients with dementia discharged home
after hospitalization with pneumonia was significantly
lower, regardless of the length of hospitalization (Fig. 1).

Table 1 Characteristics of hospitalized pneumonia patients with
and without dementia

Total
(n = 412,844)

Dementia
(n = 40,144)

Non-dementia
(n = 372,700)

P

Age (years), % <0.001

60–69 14.9 2.2 16.3

70–79 29.0 17.0 29.0

80–89 40.4 55.4 40.4

≥ 90 15.6 25.3 15.6

Sex (female), % 41.9 54.5 40.6 <0.001

Body mass index
(kg/m2),%

<0.001

< 15.9 9.1 11.5 8.9

16.0–16.9 5.6 6.6 5.5

17.0–18.4 10.9 12.2 10.8

18.5–22.9 35.8 33.3 36.0

23.0–24.9 10.8 7.7 11.2

25–29.9 9.5 5.9 9.8

30.0–34.9 1.4 0.7 1.4

≥ 35.0 0.3 0.1 0.3

Missing 16.6 22.0 16.1

A-DROP, % <0.001

Mild 9.6 1.3 10.4

moderate 61.7 63.0 61.5

severe 15.6 20.1 15.1

most severe 13.2 15.7 13.0

Charlson
Comorbidity
Index, %

<0.001

0 41.3 10.2 44.6

1-–2 43.5 55.9 42.2

≥ 3 15.2 34.0 13.2

Cancer, % 12.4 7.0 13.0 <0.001

Hemodialysis, % 1.7 1.1 1.7 <0.001

Intensive care unit
admission, %

3.3 3.4 3.3 0.783

Table 2 Discharge status after hospitalization with pneumonia

Total
(n = 412,884)

Dementia
(n = 40,144)

Non-dementia
(n = 372,700)

P

Discharge
status, n (%)

<0.001

Discharge
to home

287,028 (69.5) 21,249 (52.9) 265,779 (71.3)

Discharge
to other
facility

66,556 (16.1) 12,841 (32.0) 53,715 (14.4)

In-hospital
death

55,333 (13.4) 5260 (13.1) 50,073 (13.4)

Not specified 3927 (1.0) 794 (2.0) 3133 (0.8)

Table 3 Multivariable Cox regression analysis for discharge
home

Hazard
ratio

95% confidence
interval

P

Dementia 0.68 0.67–0.69 <0.001

Age (years)

60–69 Reference

70–79 0.82 0.81–0.83 <0.001

80–89 0.66 0.65–0.67 <0.001

≥ 90 0.51 0.51–0.52 <0.001

Sex (female) 1.005 1.00–1.01 0.16

Body mass index (kg/m2)

< 18.5 0.75 0.74–0.75 <0.001

18.5–22.9 Reference

23.0–24.9 1.13 1.11–1.14 <0.001

25–29.9 1.16 1.15–1.18 <0.001

≥ 30.0 1.10 1.07–1.14 <0.001

BUN >21 mg/dl 0.79 0.78–0.79 <0.001

SpO2 < 90% 0.72 0.71–0.72 <0.001

Impaired consciousness 0.59 0.58–0.59 <0.001

Systolic blood
pressure < 90 mmHg

0.71 0.69–0.72 <0.001

Cancer 0.83 0.82–0.84 <0.001

Hemodialysis 0.87 0.85–0.90 <0.001

Intensive care unit admission 0.49 0.48–0.50 <0.001

Abbreviations: BUN blood urea nitrogen; SpO2 peripheral oxygen saturation;
FiO2 fraction of inspired oxygen. Multiple imputation was used for missing
values for body mass index (BMI), BUN >21 mg/dl, SpO2 < 90%, Impaired
consciousness, Systolic blood pressure < 90 mmHg
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Discussion
We found that all-cause in-hospital mortality after
hospitalization for pneumonia was not significantly
different between elderly patients with or without de-
mentia, but those with dementia were significantly
less likely to return home.
Bronchopneumonia is reportedly the most common

cause of death in patients with dementia disorders
[4]. Previous reports on dementia and in-hospital
mortality in elderly people with pneumonia showed
mixed results. Several studied showed patients with
dementia were at higher risk of mortality after pneu-
monia [9, 26], whereas a previous prospective study
showed impaired cognitive function was not signifi-
cantly associated with in-hospital death in patients
aged ≥75 years [12]. In our study, patients with
dementia hospitalized with pneumonia were not
necessarily at a higher risk of death.
As with the rest of the world, the importance of

discharge home is increasingly recognized in Japan,
allowing patients to benefit from home care in
familiar surroundings. Home care is an increasingly
important part of continuous care for seniors. Home care
may reduce the risk of infection with antimicrobial-
resistant micro-organisms [27] and delirium [28] compared
with residential and nursing facilities. Furthermore, previ-
ous studies have shown an association between placement
other than at home after hospitalization and 2-year mortal-
ity in the elderly [29]. There was another study showing the
advantage of home and community-based care over

nursing homes, in survival [30]. Besides, home and
community-based services are well recognized to reduce
long-term care spending in the United States [31, 32].
A diagnosis of dementia appears to condemn hospi-

talized patients to be discharged to another medical
facility rather than home [33, 34]. In a previous large
cross-sectional survey in Japan, patients with demen-
tia were more likely to be discharged from an inter-
mediate care facility to places other than home [35].
Another study from the United States also showed
the influence of dementia on reduced likelihood of
returning home after hospitalization [36]. Our study
showed that patients with dementia were significantly
less likely to be discharged home after hospitalization
with pneumonia, regardless of length of stay. The rea-
son for this finding remains unclear. Lung disease
and impaired lung function are reportedly associated
with inferior cognitive performance [37–40]. We
speculate that impaired lung function brought about
by pneumonia in patients with dementia may lead to
a further decline in cognitive function, making it less
likely that a patient will be able to return home. In
the present study, dementia patients were more likely
to have dysphagia. Reportedly, dysphagia was associ-
ated with increase in aspiration pneumonia [41] and
discharge disposition [13, 14] in stroke patients. Thus,
the association between dementia and discharge home in
the present study can be partly explained by the high pro-
portion of dysphagia in the dementia patients.
Our study had some limitations. First, the diagnosis

of dementia was not necessarily certified by clinicians,
so may have been prone to inaccuracy. Secondly, the
etiology and severity of dementia, and the etiology of
pneumonia, were not taken into consideration.
Thirdly, family environment and support from the
community were unable to be assessed.

Conclusions
In conclusion, all-cause in-hospital mortality of patients
hospitalized with pneumonia did not appear to be sig-
nificantly influenced by dementia. However, patients
with dementia hospitalized with pneumonia were less
likely to return home than those without dementia, even
after adjustment for other factors such as age, BMI and
severity of pneumonia.
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hospitalization, a smaller proportion of patients with dementia were
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