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Lower Barthel Index Is Associated with Higher Risk of
Hospitalization-Requiring Pneumonia in Long-Term Care
Facilities
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Pneumonia is an important infectious entity that affects residents in long-term care facilities (LTCFs),
whereas hospitalization-requiring pneumonia (HRP) represents a more critical patient condition with worse
outcomes. The evidence addressing the association between Barthel index and risk of HRP among LTCF
residents is lacking. A multicenter, retrospective cohort study was conducted in three LTCFs enrolling adult
patients who resided for 3 months or more and ever underwent Barthel index evaluation within a study
period of January 1 to December 31, 2010. The endpoint was HRP after enroliment. A total of 299 patients
(169 women; age, 79.0 + 12.2 years) were enrolled and categorized into HRP Group (n = 68; 36 women;
age, 79.1 £ 11.3 years) and Non-HRP Group (n = 231; 133 women; age, 79.0 + 12.4 years) by the
endpoint. The patients in HRP Group had significantly lower Barthel index (8.6 versus 25.8 points, p <
0.001) but higher proportion of chronic obstructive pulmonary disease (13.2% versus 3.9%, p = 0.004). By
the multivariate analysis of logistic regression, we found that lower Barthel index (odds ratio (OR), 0.967; p
< 0.001), existence of chronic obstructive pulmonary disease (OR, 4.192; p = 0.015), and feeding route
(percutaneous endoscopic gastrostomy comparing with oral feeding; OR, 0.177; p = 0.012) were
independently associated with HRP. In conclusion, a lower Barthel index is significantly associated with the
occurrence of pneumonia that requires hospitalization in long-term care residents. Barthel index is a useful
and reliable tool for risk evaluation in this population.

Keywords: Barthel index; hospitalization; long-term care facilities; nursing home-acquired pneumonia; percutaneous
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Introduction

Owing to the increase of aging populations and the
change of social patterns, more people would turn to be
cared in long-term care facilities (LTCFs) which offer
assists for living, or nursing homes which provide skilled
nursing care or advanced service for those with lower func-
tional capacity (Sligl and Majumdar 2011; Briggs et al.
2013). The residents in these facilities are susceptible to
infection because they are elderly and have more underly-
ing diseases and functional deficits. Thus infection is a cru-

cial issue in LTCFs and one of the major reasons for trans-
ferring residents to acute care hospitals (Irvine et al. 1984;
Mehr et al. 2001). Whereas nursing home-acquired pneu-
monia (NHAP), which is defined as pneumonia occurring
in the residents of LTCFs or nursing homes, is a major
cause of hospitalization and a leading cause of morbidity
and mortality in the elderly population (Muder 1998; Hutt
et al. 2010).

Although NHAP has similar pathophysiology and
microbiology as community-acquired pneumonia (CAP),
the two entities should be distinguished for the different
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patient characters and outcomes (Martinez-Moragon et al.
2004; Raghavendran et al. 2007). The incidences of NHAP
varied from 0.3 to 2.3 episodes per 1,000 person-days in the
elderly LTCF individuals, which are significantly higher
than that of CAP in the community-based population
(Muder 1998; Mylotte 2002). And NHAP also accounts on
20% of critically ill patients admitted to intensive care units
with severe pneumonia (Valles et al. 2014). Among the
elderly patients who are admitted due to pneumonia, those
live in LTCFs tend to be older and frailer with lower BI,
and have more medical burden such as multiple comorbidi-
ties and dementia. They also have tendency towards “atypi-
cal presentations” of pneumonia and worse vital signs and
survival rates comparing with those live in the communities
(Janssens and Krause 2004; Martinez-Moragon et al. 2004;
Raghavendran et al. 2007). The mortality rates of patients
with NHAP are reported as 32%-57% (Janssens and Krause
2004), which is significantly higher in the NHAP patients
who needs hospitalization for treatment than those treat-
ment in the LTCFs (Raghavendran et al. 2007).

The risk factors contributing to the development of
NHAP include advanced age, male gender, functional
dependency, chronic lung diseases, comorbid disease, pres-
ence of nasogastric tube (NGT) or tracheostomy, dysphagia,
occurrence of an unusual event or conditions caused by
aspiration (Muder 1998; Raghavendran et al. 2007,
Wojkowska-Mach et al. 2013). In the aspect of evaluating
functional status, Barthel index (BI) which is firstly intro-
duced by Mahoney and Barthel in 1965 (Mahoney and
Barthel 1965), is the most common tool applied in many
field including LTCFs to evaluate the individuals’ ability of
carrying out their daily activity. Lower BI is found to be
associated with higher risk of developing NHAP by
Wojkowska-Mach et al. (2013).

However, it is difficult to make a proper diagnosis of
NHAP without sending the individual to the hospitals
because of the “atypical” presentation of the pneumonia in
LTCF residents, along with the “caregiver-dependent”
awareness of pneumonia and the insufficient availability of
laboratory and radiologic examinations in the LTCFs
(Raghavendran et al. 2007). Besides, hospitalization-
requiring NHAP is even clinically relevant because it car-
ries worse patient outcomes than those without hospitaliza-
tion (Raghavendran et al. 2007). Nonetheless, the evidence
addressing BI and risk of hospitalization-requiring NHAP
is lacking. Thus we conducted current study to investigate
the association between BI and the occurrence of hospital-
ization-requiring pneumonia (HRP) in elder residents of
LTCFs.

Materials and Methods

Study design and participants

This multicenter, retrospective cohort study was conducted in
three LTCFs in the Northern Taiwan. In these LTCFs, the residents
were routinely encouraged to receive vaccines against streptococcus
pneumoniae and/or seasonal influenza. The Institutional Review

Board of Saint Mary’s Hospital approved the study (No.
SMHIRB-100024) and the informed consent was waived since there
was neither breach of privacy nor interference with clinical decisions.
The data were analyzed anonymously as well.

The whole study period were from January 1 to December 31,
2010, while the enrollment period was between January 1 and
September 30, 2010, in which adult patients who lived in the LTCFs
for 3 months or more and ever underwent Bl evaluation were eligible
for this study. The exclusion criteria included less than 18 years of
age, living in the institutions for less than 3 months, as well as lack-
ing of BI questionnaire evaluation. All the enrolled participants were
followed until December 31, 2010.

The baseline demographic data, comorbid diseases, and hospi-
talization records of the enrolled participants were reviewed from the
medical record of LTCFs and were further confirmed by the doctors’
records and reports of relevant laboratory and imaging examinations
in the hospitals. The BI evaluation was performed by the nursing
staffs in the three LTCFs. The diagnosis of pneumonia was estab-
lished by clinical symptoms/signs along with chest radiological and
microbiological examinations. Other recorded comorbidities were
defined as followings: chronic kidney disease (CKD), baseline esti-
mated glomerular filtration rate < 45 ml/min/1.73 m?, which was cal-
culated using the Chinese Modification of Diet in Renal Disease
equation (Ma et al. 2006), for more than 3 months (Hsu et al. 2009);
diabetes mellitus, previous usage of insulin or oral hypoglycemic
agents; heart disease, including coronary artery disease and conges-
tive heart failure; lung disease, a composite variable containing
chronic obstructive pulmonary disease (COPD), asthma, and pulmo-
nary tuberculosis; gastrointestinal disease, mainly peptic ulcers or
reflux esophagitis; malignancy, including all the cancers over whole
body; bone and joint disease, including osteoarthritis, bony fracture,
severe osteoporosis, and gout. Besides, the feeding routes including
oral intake, NGT, and percutaneous endoscopic gastrostomy (PEG)
were also recorded.

Barthel index

In current study, we used the original version of BI (Mahoney
and Barthel 1965) for functional status evaluation of the residents in
residents in LTCFs. It comprises 10 items with a total score ranging
from 0 to 100 points. A higher score means better capacity to perform
daily living activities on the scale (Table 1).

Study endpoint

The endpoint of this study was HRP that occurred after the BI
evaluation during the l-year study period. Residents with NHAP
requiring hospitalization for treatment were categorized into “HRP
Group”, while others were categorized into “Non-HRP Group”. Then
we evaluated the difference in demographic data between the two
groups, and determined the risk factors for HRP.

Statistical methods

The statistical analyses were performed using the Scientific
Package for Social Science (PASW Statistics for Windows, Version
18.0, Chicago: SPSS Inc). The continuous data were expressed as
mean + standard deviation, unless otherwise specified, and compared
using the independent-samples T-test. The categorical variables were
shown as numbers (percentages) and analyzed using Pearson’s Chi-
square test. We then determined the risk factors and calculated their
odds ratio (OR) and 95% confidence interval (CI) for HRP using
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Table 1. The Barthel index (Mahoney and Barthel 1965).

Activity Scores Content
Feeding 10= Independent
= Needs help cutting, spreading butter...or requires modified diet
= Unable
Transfers 15= Independent
(Bed to chair and back) 10= Minor help (verbal or physical)
5= Major help (one or two people, physical), can sit
0= Unable, no sitting balance
Grooming 5= Independent face/hair/teeth/shaving (implenments provided)
0= Needs to help with personal care
Toilet use 10= Independent (on and off, dressing, wiping)
5= Needs some help, but can do something alone
0= Dependent
Bathing 5= Independent (or in shower)
0= Dependent
Mobility 15= Independent (but may use aid; ex, stick) > 50 yards
(on level surfaces) 10= Walks with help of one person (verbal or physical) > 50 yards
5= Wheelchair independent, including corners, > 50 yards
0= Immobile or < 50 yards
Stairs 10= Independent
5= Needs help (verbal, physical, carrying aid)
0= Unable
Dressing 10= Independent (including buttons, zips, laces...)
5= Needs help but can do about half unaided
0= Dependent
Bowels 10= Continent
5= Occasional accident
0= Incontinent (or need to be given enemas)
Bladder 10= Continent
5= Occasional accident
0= Incontinent, or catheterized and unable to manage alone

backward method of logistic regression analysis. All the variables
were selected for multivariate analysis if they had a p < 0.15 on uni-
variate analysis or if they are considered to be clinically important.
In all statistical analyses, a two-sided p < 0.05 was considered statisti-
cally significant.

Results

Participants screening and envollment

During the enrollment period, a total of 409 individu-
als admitted in the three LTCFs. After excluding 12 stayed
for less than 3 months and 98 for lack of BI evaluation, 299
patients (169 women; age, 79.0 + 12.2 years) were enrolled
in this study and followed until December 31, 2010.
According to the endpoint, participants were categorized
into HRP Group (n = 68; 36 women; age, 79.1 + 11.3 years)
and Non-HRP Group (n = 231; 133 women; age, 79.0 £
12.4 years). The flowchart of patient selecting and catego-

rizing was shown in Fig. 1.

Microbial etiology

Among the 68 patients who had ever admitted due to
NHAP, 66 sets of sputum cultures obtaining from 40
patients (58.8%) yielded microorganism while sputum cul-
ture from the rest 28 patients grew nothing. These bacteria
included Pseudomonas aeruginosa (grew in 34 out of the
66 sets (51.5%) of sputum culture), Klebsiella pneumoniae
(21.2%), Haemophilus influenzae (15.2%), Proteus mirabi-
lis (13.6%), Escherichia coli (13.6%), Corynebacterium
(12.1%), Staphylococcus aureus (12.1%), Acinetobacter
baumannii (10.6%), Alpha-hemolytic streptococcus
(10.6%), Moraxella catarrhalis (7.6%), Serratia marces-
cens (7.6%), Stenotrophomonas maltophilia (6.1%),
Neisseria (3.0%), Providencia stuartii (1.5%), Citrobacter
koseri (1.5%), Burkholderia cepacia (1.5%), Enterobacter
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409 residents admitted in the three
long-term care facilities in the
enrollment period
(2010/1/1 to 2010/9/30)

Excluding
12 residents stayed for <3

months, and

A4

299 participants
enrolled into the study and
categorizied into groups by

subsequent HRP

RN

A 4

98 residents without Barthel
index evaluation

HRP Group Non-HRP Group
n =68 n =231

Fig. 1. Flow chart of participant screening and selecting.
HRP, hospitalization-requiring pneumonia.

cloacae (1.5%), Group B Streptococcus (1.5%),
Streptococcus pneumoniae (1.5%), and Enterococcus

(1.5%).

Parameters between the two groups

The baseline demographic data and clinical character-
istics of our participants were shown in Table 2. Comparing
with the Non-HRP Group, the patients in HRP Group had
significantly higher proportion of lung disease (p = 0.010)
in which COPD (p = 0.004) was responsive for the signifi-
cance. While other clinical parameters, such as age, gender,
feeding route, and comorbidities including diabetes melli-
tus, heart disease, stroke, asthma, pulmonary tuberculosis,
CKD, benign prostatic hyperplasia, gastrointestinal disease,
malignancy, bone and joint diseases, dementia and
Parkinson’s disease were not significantly different between
the two groups.

Besides, the patients in HRP Group had significantly
lower BI than those in Non-HRP Group (8.6 versus 25.8, p
< 0.001). When the BI scores were stratified into 5 groups
(namely, 0-20, 21-61, 61-90, 91-99, and 100), the HRP
Group was known to have higher proportion of Barthel
0-20 points (83.8% versus 60.6%) but lower proportion of
other categories than Non-HRP Group (p < 0.005) (Table 3).

Independent risk factors for hospitalization-requiring pneu-
monia

Multivariate analysis by logistic regression model was
performed to determine the independent risk factors for
HRP. The variables put into the multivariate analysis
included age, gender, feeding routes (NGT and PEG com-
paring with oral intake), BI, diabetes mellitus, heart disease,
stroke, COPD, asthma, pulmonary tuberculosis, CKD,
benign prostatic hyperplasia, gastrointestinal disease,
malignancy, dementia, and Parkinson’s disease.

By the multivariate adjustment, we found that lower
BI (OR, 0.967; 95% ClI, 0.951-0.984; p < 0.001), existence
of COPD (OR, 4.192; 95% CI, 1.327-13.245; p = 0.015),
and feeding route (PEG comparing with oral intake) (OR,
0.177; 95% C1, 0.046-0.683; p = 0.012) were independently
associated with HRP (Table 4). The BI kept the indepen-
dent association with HRP (OR, 0.970; 95% CI, 0.952-
0.987; p = 0.001) even when applying in the subgroup
without stroke (n = 207, whole set of analysis results was
not shown).

Discussion

NHAP is the most important infectious entity affect-
ing LTCF residents owing to the high morbidity and mortal-
ity (Mylotte 2002), while NHAP requiring hospitalization
maybe represent a more critical patient condition resulting
in worse outcomes (Raghavendran et al. 2007). Among the
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Table 2. Baseline demographic and clinical data of the two groups.

285

Total HRP Non-HRP
(n=299) Gr_oup G_roup P-value
(n=68) (n=231)

Age 79.0+12.2 79.1+£11.3 79.0+12.4 0.936

Age > 65yrs 272 (91.0%) 63 (92.6%) 209 (90.5%) 0.583
Gender, Female 169 (56.5%) 36 (52.9%) 133 (57.6%) 0.498
Feeding route’ 0.173

Oral 179 (64.2%) 36 (62.1%) 143 (64.7%)

NGT 71 (25.4%) 19 (32.8%) 52 (23.5%)

PEG 29 (10.4%) 3(5.2%) 26 (11.8%)
Cormobidity

Diabetes mellitus 75 (25.1%) 18 (26.5%) 57 (24.3%) 0.722

Heart disease 74 (24.7%) 17 (25%) 57 (24.7%) 0.957

Stroke 92 (30.8%) 17 (25%) 75 (32.5%) 0.241

Lung disease (composite variable) 35 (11.7%) 14 (20.6%) 21 (9.1%) 0.010

COPD 18 (6.0%) 9 (13.2%) 9 (3.9%) 0.004

Asthma 16 (5.4%) 6 (8.8%) 10 (4.3%) 0.148

Pulmonary tuberculosis 6 (2.0%) 2 (2.9%) 4 (1.7%) 0.532
Chronic kidney disease 37 (12.4%) 11 (16.2%) 26 (11.3%) 0.279
Benign prostatic hyperplasia 25 (8.4%) 2 (2.9%) 23 (10%) 0.066
Gastrointestinal disease 41 (13.7%) 5(7.4%) 36 (15.6%) 0.083
Malignancy 27 (9.0%) 6 (8.8%) 21 (8.7%) 0.974
Bone and joint disease 51 (17.1%) 8 (11.8%) 43 (18.6%) 0.187
Dementia 41 (13.7%) 6 (8.8%) 35 (15.2%) 0.182
Parkinson’s disease 22 (7.4%) 4 (5.9%) 18 (7.8%) 0.596

Values were presented as mean + standard deviation or number (percentage) unless otherwise stated. P-value was calculated using

independent-samples T-test for continuous data and Pearson’s Chi-square test for count data. 'n =279.

COPD, chronic obstructive pulmonary disease; HRP, hospitalization- requiring pneumonia; NGT, nasogastric tube; PEG, percuta-

neous endoscopic gastrostomy.

Table 3. Comparisons for Barthel index of the two groups.

Total HRP Non-HRP
(n =299) Gioup Gfoup P-value
(n=168) (n=231)
Barthel index 21.9+29.7 8.6+16.7 25.8+31.6 <0.001
0.005
Barthel 0-20 197 (65.9%) 57 (83.8%) 140 (60.6%)
Barthel 21-60 54 (18.1%) 9 (13.2%) 45 (19.5%)
Barthel 61-90 43 (14.4%) 2 (2.9%) 41 (17.7%)
Barthel 91-99 1(0.3%) 0 (0%) 1(0.4%)
Barthel 100 4 (1.3%) 0 (0%) 4 (1.7%)

HRP, hospitalization-requiring pneumonia.

residents in LTCFs, the nonspecific general symptoms,
rather than the specific respiratory symptoms and signs, are
more commonly presented than community-based or
younger populations (Mylotte 2002). Thus the diagnosis of
NHAP is needed to be facilitated by careful evaluation of
the residents for signs and symptoms related to the respira-
tory tract, including respiratory rate, hear rates, change in
cognitive or functional status, sign of hypoxemia, and aus-

cultatory findings on chest examination (Iregui at al. 2002).
Among the risk factors for NHAP, many of them such as
poor functional status, presence of NGT or tracheostomy,
dysphagia, or occurrence of unusual event, are different
from that for CAP (Raghavendran et al. 2007).

In current study, we found that lower BI and existence
of COPD were risk factors, while PEG feeding, comparing
with oral intake, played a protective role for hospitalization-
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Table 4. Independent risk factors for HRP using backward model of logistic regression analysis.

OR 95% CI P-value
Barthel index (every increment of 1 point) 0.967 0.951-0.984 <0.001
Feeding route (PEG versus oral) 0.177 0.046-0.683 0.012
COPD (with versus without) 4.192 1.327-13.245 0.015
constant 0.515 0.007

CI, confidence interval; COPD, chronic obstructive pulmonary disease; HRP, hospitalization-requiring pneumonia;
OR, odds ratio; PEG, percutaneous endoscopic gastrostomy.

requiring NHAP.

Barthel index

An increasing body of evidence has showed that func-
tional status is more important than other factors such as
age and comorbidities, for prognosis-predicting in elderly
patients (Murcia et al. 2010). Although it only takes about
5 minutes to answer by the patient himself/herself or the
main caregiver (Murcia et al. 2010), the BI scale is regarded
as reliable and extensively applied on the field of in-patient
rehabilitation, home care, nursing care, skilled nursing, and
community (Wojkowska-Mach et al. 2013; Meyer et al.
2015). Even a small change of BI scores is clinical relevant
and beyond measurement error (Hsieh et al. 2007). And the
reliability, predictive validity, and responsiveness of BI are
adequate even after several months following stroke (Hsueh
et al. 2001; Quinn et al. 2011).

BI has been used to predict length of hospital stay,
prognosis and mortality in many acute and chronic health
problems (Torres et al. 2004; Murcia et al. 2010). By using
it to evaluate functional status of CAP patients, Uematsu et
al. (2015) found that lower BI scores were associated with
higher hospitalization costs and longer duration of hospital
stay, Calle et al. (2014) demonstrated that functional deficit
defined as BI < 40 points at admission was a predictor of
mortality, whereas Murcia et al. (2010) disclosed that even
mild functional dependence (BI < 80 points) was associated
with 4-times higher risk of short-term (30-day) mortality
among patients with CAP. Besides, Torres et al. (2004) also
revealed baseline poor functional status as a risk factor
associated with longer length of hospital stay, and a higher
mortality after both short-term (30-day) and long-term (18-
month) follow-up in CAP patients.

Similar results were seen in the patients with NHAP,
poorer functional status defined by lower BI is associated
with higher risk of NHAP (Wojkowska-Mach et al. 2013)
and poorer patient outcomes including mortality (Muder
1998; Mehr et al. 2001). In current study, we found that
functional status measuring by BI is an important factor
associated with the occurrence of hospitalization-requiring
NHAP among residents of LTCFs.

Chronic obstructive pulmonary disease
COPD has similar physiological presentations with the
important ageing- associated physiological changes, which

include an enlargement of alveoli, along with decreases in
the ventilatory response, elastic recoil of the lung, compli-
ance of the chest wall, strength of respiratory muscles,
forced expiratory volumes and peak expiratory flow
(Janssens and Krause 2004). Such changes result in an
increased functional residual capacity and decreased mucus
clearance, and probably more susceptible to pneumonia. In
concordance with the findings in current study, COPD was
found as a risk factor of pneumonia in both community
population (Raghavendran et al. 2007) and critically ill
patients (Valles et al. 2014).

Percutaneous endoscopic gastrostomy

The nutritional management and strategy for patients
with impaired swallowing function is a complex and chal-
lenging area in the field of health care (Vesey 2013).
Alternative enteral feeding routes such as NGT, nasoduode-
nal/nasojejunal tube (NJT), and PEG should be considered
for patients with functionally normal gastrointestinal tract
who have inadequate oral intake or risk of aspiration
(Ferraro et al. 2013).

Several studies were performed to compare the safety
and beneficial effects of these enteral feeding routes. In
carlier years, some studies (Baeten and Hoefnagels 1992;
Park et al. 1992) exhibited equal risk for aspiration pneu-
monia in patients with NGT and PEG. More recently, Onur
et al. (2013) prospectively enrolled 94 in-patients who had
at least once aspiration pneumonia history to compare the
long-term outcomes of patients receiving different enteral
feeding routes (PEG, NJT, and oral feeding). After follow-
up for 6 months, they found that the development of the
nutritional status and the intake in the 3 groups were simi-
lar. However, the patients with PEG had significantly lower
overall re-aspiration rate (58% comparing with 78% in NJT
group, and 91% in oral group, p < 0.05) and higher satisfac-
tion scores (p < 0.001). In current study, comparing with
oral intake, PEG plays a protective role in preventing pneu-
monia. This finding is consistent with the result of the pre-
vious study, (Onur et al. 2013; Schneider et al. 2014) and
could also explain the phenomenon that PEG is an increas-
ingly common treatment option for patients who are more
and more being cared in the community (Vesey 2013).

Furthermore, in a retrospective cohort analysis includ-
ing 110 elderly patients with PEG feeding, patients’ func-
tional status was found to be an independent risk factor for
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patient mortality (OR, 9.76; 95% CI, 3.26-29.3) (Cortes-
Flores et al. 2015). Taken together, these findings under-
lined the importance of functional capacity and optimal
feeding route on long-term patient outcomes.

Limitations

Several limitations of this study should be addressed.
First, as a retrospective study, it is potentially prone to bias
and insufficiency of some clinical parameters. Second, we
could only found the “association” rather than the “causal
relationship” between BI and HRP in current study design.
Third, the study was performed with a limited number of
LTCEF residents in northern Taiwan. Thus the results may
not be extensively applied to all the LTCFs residents with
different characteristics throughout the world. Further mul-
ticenter randomized controlled studies enrolling more par-
ticipants with wider patient characteristics are warranted to
confirm our findings.

In conclusion, a lower BI is significantly associated
with the occurrence of hospitalization-requiring NHAP in
long-term care residents. BI is a useful and reliable tool to
for risk evaluation in this population.

Acknowledgments

The study was supported by the research grant of Saint
Mary’s Hospital Luodong (No. SMHRF-100030).

Conflict of Interest

The authors declare no conflict of interest.

References

Baeten, C. & Hoefnagels, J. (1992) Feeding via nasogastric tube
or percutaneous endoscopic gastrostomy. A comparison.
Scand. J. Gastroenterol. Suppl., 194, 95-98.

Briggs, R., Coughlan, T., Collins, R., O’Neill, D. & Kennelly, S.P.
(2013) Nursing home residents attending the emergency
department: clinical characteristics and outcomes. QJM, 106,
803-808.

Calle, A., Marquez, M.A., Arellano, M., Perez, L.M., Pi-Figueras,
M. & Miralles, R. (2014) Geriatric assessment and prognostic
factors of mortality in very elderly patients with community-
acquired pneumonia. Arch. Bronconeumol., 50, 429-434.

Cortes-Flores, A.O., Alvarez-Villasenor, A.S., Fuentes-Orozco, C.,
Ramirez-Campos, K.M., Ramirez-Arce, A.R., Macias-
Amezcua, M.D., Chavez-Tostado, M., Hernandez-Machuca,
J.S. & Gonzalez-Ojeda, A. (2015) Long-term outcome after
percutaneous endoscopic gastrostomy in geriatric Mexican
patients. Geriatr. Gerontol. Int., 15, 19-26.

Ferraro, F., Gravina, A.G., d’Elia, A., Esposito, P., Vitiello, C.,
Dallio, M., Romano, L., Loguercio, C., Romano, M. &
Federico, A. (2013) Percutaneous endoscopic gastrostomy for
critically ill patients in a general intensive care unit. Acta
Gastroenterol. Belg., 76, 306-310.

Hsieh, Y.W., Wang, C.H., Wu, S.C., Chen, P.C., Sheu, C.F. &
Hsieh, C.L. (2007) Establishing the minimal clinically impor-
tant difference of the Barthel Index in stroke patients. Neuro-
rehabil. Neural Repair, 21, 233-238.

Hsu, C.Y., Chertow, G.M., McCulloch, C.E., Fan, D., Ordonez, J.D.
& Go, A.S. (2009) Nonrecovery of kidney function and death
after acute on chronic renal failure. Clin. J. Am. Soc. Nephrol.,
4, 891-898.

Hsueh, I.P., Lee, M.M. & Hsieh, C.L. (2001) Psychometric char-
acteristics of the Barthel activities of daily living index in
stroke patients. J. Formos. Med. Assoc., 100, 526-532.

Hutt, E., Radcliff, T.A., Oman, K.S., Fink, R., Ruscin, J.M.,
Linnebur, S., Fish, D., Liebrecht, D., Fish, R. & McNulty, M.
(2010) Impact of NHAP guideline implementation interven-
tion on staff and resident vaccination rates. J. Am. Med. Dir.
Assoc., 11, 365-370.

Iregui, M., Ward, S., Sherman, G., Fraser, V.J. & Kollef, M.H.
(2002) Clinical importance of delays in the initiation of
appropriate antibiotic treatment for ventilator-associated pneu-
monia. Chest, 122, 262-268.

Irvine, P.W., Van Buren, N. & Crossley, K. (1984) Causes for
hospitalization of nursing home residents: the role of infec-
tion. J. Am. Geriatr. Soc., 32, 103-107.

Janssens, J.P. & Krause, K.H. (2004) Pneumonia in the very old.
Lancet Infect Dis., 4, 112-124.

Ma, Y.C., Zuo, L., Chen, J.H., Luo, Q., Yu, X.Q., Li, Y., Xu, J.S.,
Huang, S.M., Wang, L.N., Huang, W., Wang, M., Xu, G.B. &
Wang, H.Y. (2006) Modified glomerular filtration rate esti-
mating equation for Chinese patients with chronic kidney
disease. J. Am. Soc. Nephrol., 17,2937-2944.

Mabhoney, F.I. & Barthel, D.W. (1965) Functional Evaluation: the
Barthel Index. Md. State Med. J., 14, 61-65.

Martinez-Moragon, E., Garcia Ferrer, L., Serra Sanchis, B.,
Fernandez Fabrellas, E., Gomez Belda, A. & Julve Pardo, R.
(2004) Community-acquired pneumonia among the elderly:
differences between patients living at home and in nursing
homes. Arch. Bronconeumol., 40, 547-552.

Mehr, D.R., Binder, E.F., Kruse, R.L., Zweig, S.C., Madsen, R.,
Popejoy, L. & D’Agostino, R.B. (2001) Predicting mortality
in nursing home residents with lower respiratory tract infec-
tion: the Missouri LRI Study. JAMA, 286, 2427-2436.

Meyer, M.J., Pereira, S., McClure, A., Teasell, R., Thind, A.,
Koval, J., Richardson, M. & Speechley, M. (2015) A system-
atic review of studies reporting multivariable models to predict
functional outcomes after post-stroke inpatient rehabilitation.
Disabil. Rehabil., 37, 1316-1323.

Muder, R.R. (1998) Pneumonia in residents of long-term care
facilities: epidemiology, etiology, management, and preven-
tion. Am. J. Med., 105, 319-330.

Murcia, J., Llorens, P., Sanchez-Paya, J., Reus, S., Boix, V.,
Merino, E., Laghzaoui, F. & Portilla, J. (2010) Functional
status determined by Barthel Index predicts community
acquired pneumonia mortality in general population. J.
Infect., 61, 458-464.

Mylotte, J.M. (2002) Nursing home-acquired pneumonia. Clin.
Infect. Dis., 35, 1205-1211.

Onur, O.E., Onur, E., Guneysel, O., Akoglu, H., Denizbasi, A. &
Demir, H. (2013) Endoscopic gastrostomy, nasojejunal and
oral feeding comparison in aspiration pneumonia patients. J.
Res. Med. Sci., 18, 1097-1102.

Park, R.H., Allison, M.C., Lang, J., Spence, E., Morris, A.J.,
Danesh, B.J., Russell, R.I. & Mills, P.R. (1992) Randomised
comparison of percutaneous endoscopic gastrostomy and
nasogastric tube feeding in patients with persisting neurolog-
ical dysphagia. BMJ, 304, 1406-1409.

Quinn, T.J., Langhorne, P. & Stott, D.J. (2011) Barthel index for
stroke trials: development, properties, and application. Stroke,
42, 1146-1151.

Raghavendran, K., Mylotte, J.M. & Scannapieco, F.A. (2007)
Nursing home-associated pneumonia, hospital-acquired pneu-
monia and ventilator-associated pneumonia: the contribution
of dental biofilms and periodontal inflammation. Periodontol.
2000, 44, 164-1717.

Schneider, A.S., Schettler, A., Markowski, A., Luettig, B.,
Kaufmann, B., Klamt, S., Lenzen, H., Momma, M., Seipt, C.,
Lankisch, T. & Negm, A.A. (2014) Complication and
mortality rate after percutaneous endoscopic gastrostomy are



288 C.C. Shiao et al.

low and indication-dependent. Scand. J. Gastroenterol., 49, Valles, J., Martin-Loeches, 1., Torres, A., Diaz, E., Seijas, 1., Lopez,
891-898. M.J., Garro, P., Castillo, C., Garnacho-Montero, J., Martin

Sligl, W.I. & Majumdar, S.R. (2011) How important is age in Mdel, M., de la Torre, M.V., Oladchea, P., Cilloniz, C.,
defining the prognosis of patients with community-acquired Almirall, J., Garcia, F., et al. (2014) Epidemiology, antibiotic
pneumonia? Curr. Opin. Infect. Dis., 24, 142-147. therapy and clinical outcomes of healthcare-associated pneu-

Torres, O.H., Munoz, J., Ruiz, D., Ris, J., Gich, I., Coma, E., monia in critically ill patients: a Spanish cohort study. Inten-
Gurgui, M. & Vazquez, G. (2004) Outcome predictors of sive Care Med., 40, 572-581.
pneumonia in elderly patients: importance of functional Vesey, S. (2013) Dysphagia and quality of life. Br. J. Community
assessment. J. Am. Geriatr. Soc., 52, 1603-1609. Nurs., Suppl, S14, S16, S18-19.

Uematsu, H., Kunisawa, S., Yamashita, K. & Imanaka, Y. (2015) Wojkowska-Mach, J., Gryglewska, B., Romaniszyn, D., Natkaniec,
The Impact of Patient Profiles and Procedures on Hospitaliza- J., Pobiega, M., Adamski, P., Grodzicki, T., Kubicz, D. &
tion Costs through Length of Stay in Community-Acquired Heczko, P.B. (2013) Age and other risk factors of pneumonia
Pneumonia Patients Based on a Japanese Administrative Data- among residents of Polish long-term care facilities. Int. J.

base. PLoS One, 10, ¢0125284. Infect. Dis., 17, e37-43.




