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ABSTRACT

Objectives This study was designed to evaluate the effect of
rehabilitation in preventing decreased functional status (FS)
after community-acquired pneumonia (CAP) in elderly patients.
Design This was a retrospective observational study.
Setting Multicentre study was conducted in two medical
facilities from January 2016 to December 2018.
Participants Hospitalised patients with CAP aged over 64
years were enrolled. FS was assessed by the Barthel Index (Bl)
(range, 0—100, in 5-point increments) at admission and before
discharge and graded into three categories: independent, BI
80-100; semidependent, Bl 30—75; and dependent, Bl 0-25.
Multivariable analysis of factors contributing to decreased FS
was conducted with two groups: with a decrease of at least
one category (decreased group) or without a decrease of
category (maintained group).

Primary and secondary outcome measures The
primary outcome was the effect of rehabilitation in
preventing decreased FS. The secondary outcomes were
factors associated with decreased FS.

Results The maintained and decreased groups included

400 and 138 patients, respectively. A high frequency of
rehabilitation therapy was observed in the decreased group
(189 (47.3%) vs 104 (75.4%); p<0.001). Multivariable
analysis showed that the factors affecting FS were aspiration
pneumonia, Pneumonia Severity Index (PSI) category V, length
of stay and age (OR 2.66, 95%Cl 1.58 to 4.49; OR 1.92, 95%Cl
1.29 10 3.44; OR 1.05, 95%Cl 1.04 to 1.07; and OR 1.05,
95%Cl 1.02 to 1.09, respectively). After adjusting for factors
contributing to decreased FS, rehabilitation showed a limited
effect in preventing decreased FS in 166 matched pairs by
McNemar’s test (p=0.327).

Conclusions Aspiration and PSI played important roles in
reducing FS. The effect of rehabilitation remains unclear in CAP.
Trial registration number UMIN000046362.

BACKGROUND

Pneumonia is causing an increasingly
higher proportion of deaths worldwide, with
3.2million estimated deaths globally each
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STRENGTHS AND LIMITATIONS OF THIS STUDY

= This is a multicentre retrospective study inves-
tigating the effect of rehabilitation in preventing
decreased functional status in the elderly after
community-acquired pneumonia.

= Multivariable analysis was conducted between
maintained and decreased functional status groups
after pneumonia.

= The effect of rehabilitation was identified by propen-
sity score analysis after adjustment with variables
determined on multivariable analysis.

= Functional status was divided into three categories,
not as a continuous variable, which could underesti-
mate the effect of rehabilitation.

= The findings may not reflect the effect of rehabilita-
tion on hospital-acquired pneumonia or healthcare-
associated pneumonia.

year, exceeding all other infections including
tuberculosis and malaria.!  Community-
acquired pneumonia (CAP) is one of the
most common medical causes of admission in
most healthcare institutions in the USA.* In
Japan, pneumonia is the third highest cause
of death among elderly patients, continuously
increasing with the ageing society.

Besides the high mortality in elderly
patients with CAP, these patients also experi-
ence deterioration of functional status (FS),
an important component of quality of life in
older adults and their caregivers, both during
and after treatment.' The prevalence of
decreased FS was reported to be 8.6%—20% in
CAP and prolongs the length of stay (LOS) in
elderly patients.”® Early rehabilitation therapy
mightimprove activities of daily living (ADLs)
during hospitalisation in patients with aspira-
tion pneumonia, but may also increase LOS.”
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Figure 1
pneumonia; HCAP, healthcare-associated pneumonia.

The clinical and economic burdens resulting from CAP
hospitalisation are therefore considerable.

An understanding of the effect of rehabilitation in
preventing decreased FS in CAP is important, not least to
appraise the cost-effectiveness of rehabilitation. However,
various lifestyle-related factors, such as age, gender,
ethnicity, marital status, educational attainment, occupa-
tion, income, alcohol consumption, smoking, different
chronic diseases, physical inactivity, depression, etc, influ-
ence FSamong older people,8 making itdifficult to analyse
the effect of rehabilitation in preventing decreased FS in
these patients. In order to reduce the selection bias of
different backgrounds, this study was designed to iden-
tify factors related to decreased FS and evaluate the effect
of rehabilitation in preventing decreased FS in matched
pairs.

METHODS

This was a retrospective observational study of inpatients
admitted to a community-based hospital and a teaching
hospital in Japan from January 2015 to December 2018.

Definitions

Data on FS, which were documented by nurses daily, were
analysed retrospectively by HC and NH. FS was evaluated
at admission and before discharge by the Barthel Index
(BI)? (range, 0-100, in 5-point increments) of ADL and

v

FS-decreased group (n=138)

Flow chart of the study. CAP, community-acquired pneumonia; FS, functional status; HAP, hospital-acquired

was graded into three categories according to the BI:
independent, BI 80-100; semidependent, BI 30-75; and
dependent, BI 0-25." A decreased FS was considered a
reduction in ADL of at least one category. Disorder of
consciousness (DOC) was defined as a Glasgow Coma
Scale'! score below 15, and for patients with dementia
DOC was considered only if their consciousness was worse
than their normal status. The key person (representing
the main individual supporting the patient during and
after admission) was classified as the child, spouse or
others. Rehabilitation included any type and intensity
of physical rehabilitation programme administered by
physicians, physical therapists and occupational thera-
pists. The need for rehabilitation was determined during
admission based on the risk of disuse syndrome or aspi-
ration pneumonia. For patients who survived, the sites of
the acquisition were classified as home discharge (without
nursing), home nursing, facility and transfer to another
hospital. Robust diagnostic criteria for aspiration pneu-
monia are lacking; aspiration pneumonia was defined as
an episode of aspiration in the history of presentillness or
radiographic findings suggesting aspiration pneumonia.

Patient and public involvement

Hospitalised elderly patients with CAP were divided into
two groups: the maintained group, without deterioration
of FS; and the decreased group, with decreased FS. All
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Table 1 Demographic characteristics and outcomes of the maintained and decreased functional status groups

Total Maintained group Decreased group
N=538 n=400 n=138 P value

Age (years) 79 (73-84) 77 (71.3-83) 82 (76-86.3) <0.001
Sex (male/female) 168/370 131/269 37/101 0.194
BMI (kg/m?) 19.3 (16.6-22.3) 19.7 (16.7-22.6) 18.6 (16.4-20.9) 0.002
Dementia, n (%) 66 (12.3) 41 (10.3) 25 (18.1) <0.001
DOC, n (%) 158 (29.4) 91 (22.8) 67 (48.6) <0.001
Bedsore, n (%) 15 (2.8) 11 (2.8) 4 (2.9 0.927
Aspiration pneumonia, n (%) 121 (22.5) 59 (14.8) 62 (44.9) <0.001
In rehabilitation, n (%) 293 (54.5) 189 (47.3) 104 (75.4) <0.001
CCl, n (%) 0.445

<1 167 (31.0) 127 (31.8) 40 (29.0)

2 150 (27.9) 115 (28.8) 35 (25.4)

>3 221 (41.1) 158 (39.5) 63 (45.7)
PSI category, n (%) <0.001

Il 22 (4.1) 21 (5.25) 1(0.7)

11l 107 (19.9) 90 (22.5) 17 (12.3)

v 225 (41.8) 173 (43.3) 52 (37.7)

\Y 184 (34.2) 116 (29.0) 68 (49.3)
ADL before admission, n (%) <0.001

Independent 367 (68.2) 280 (70.0) 87 (63.0)

Semidependent 127 (23.6) 76 (19.0) 51 (37.0)

Dependent 44 (8.2) 44 (11.0) 0(0.0)
ADL after admission, n (%) <0.001

Independent 291 (54.1) 291 (72.8) 0 (0.0

Semidependent 121 (22.5) 65 (16.3) 56 (40.6)

Dependent 126 (23.4) 44 (11.0) 82 (59.4)
LOS (days) 15 (9-26) 13 (9-19.8) 27 (14-46.3) <0.001
Survival outcome, n (%) <0.001

Home 275 (51.1) 271 (67.8) 4 (2.9)

Home nursing 135 (25.1) 85 (21.3) 50 (36.2)

Facility 42 (7.8) 20 (5.0 22 (15.9)

Hospital 41 (7.6) 16 (4.0) 25(18.1)
In-hospital mortality, n (%) 51(9.2) 8 (2.0 37 (26.8) <0.001
Key person, n (%) 0.013

Children 239 (44.5) 163 (40.9) 76 (50.1)

Spouse 256 (47.7) 204 (51.1) 52 (37.7)

Others 42 (7.8) 32 (8.0) 10 (7.3)
Cost ($) 5231 (3822-7989) 4740 (3542-6488) 8667 (4985-12 901) <0.001

ADL, activities of daily living; BMI, body mass index; CCl, Charlson Comorbidity Index; DOC, disorder of consciousness; LOS, length of stay;

PSI, Pneumonia Severity Index.

enrolled cases had been diagnosed with CAP according to
the definitions of the American Thoracic Society/Infec-
tious Diseases Society of America guideline.'” Patients
who fulfilled all of the following inclusion criteria were
enrolled in the study: (1) age >64 years; (2) symptoms

compatible with pneumonia (eg, fever, cough, sputum,
pleuritic chest pain or dyspnoea); and (3) appearance of
new pulmonary infiltrates consistent with pneumonia on
chest X-ray or CT. To ensure that all eligible cases were
enrolled, the study investigators screened the hospital
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Table 2 Multivariable analyses of factors affecting
decreased functional status

95% CI

OR Lower limit Upper limit P value
Aspiration 2.66 1.58 4.49 <0.001
pneumonia
PSI category 1.92 1.29 3.44 0.010
\Y
LOS 1.05 1.04 1.07 <0.001
Age 1.05 1.02 1.09 0.001

LOS, length of stay; PSI, Pneumonia Severity Index.

database for International Classification of Diseases,
10th Revision codes (J13-18, J69) and reviewed hospital
medical records. Repeated episodes of pneumonia in the
same patient within 2weeks were regarded as a single
episode.

Data collection was performed from records in the
database. There was no increased burden on patients in
this study. Results were disseminated alongside increasing
awareness of timely caring for patients with CAP.

Exclusion criteria

Cases of healthcare-associated pneumonia (HCAP) and
hospital-acquired pneumonia (HAP) were excluded."
Because FS was usually semidependent or dependent
in these patients, it was difficult to improve PS of one
category or more after rehabilitation. Cases with compli-
cations that occurred during admission (myocardial
infarction, femoral fracture, cerebral infarction, etc) that
would have affected FS were also excluded.

Outcomes

The primary outcome was the effect of rehabilitation in
preventing decreased FS. Demographic information, vital
signs, including DOC and body mass index (BMI), labo-
ratory values, and comorbidities were collected on admis-
sion. Comorbidities were identified according to the
Charlson Comorbidity Index (CCI)." The Pneumonia

3

Severity Index (PSI) 15 score was calculated based on data
obtained at the time of admission. Information regarding
the key person was confirmed soon after admission. Infor-
mation about acquisitions for survivors was also collected
and all patients who died were considered in-hospital
deaths. Information on medical costs was collected at
discharge.

Statistical analyses

The results are presented as numbers and percentages
or median and IQR unless otherwise indicated. Groups
were compared using Wilcoxon rank-sum tests. In order
to evaluate the effect of rehabilitation on FS, risk factors
for decreased FS were determined using stepwise regres-
sion analysis. Confounding variables of decreased FS, age,
sex, BMI, aspiration, dementia, DOC, undergoing reha-
bilitation, preadmission ADL, PSI, CCI and LOS were
chosen as candidates with p values below 0.2 on univari-
able analysis. Using the model of the minimum corrected
Akaike’s information criterion in the backward direc-
tion, the final variables were determined. The effect of
rehabilitation was evaluated by propensity score analysis
by adjustment with variables determined on multivari-
able analysis for standardised differences of all matching
factors to be less than 0.25 in matched pairs.'® McNe-
mar’s test was performed to evaluate the effect of reha-
bilitation in preventing decreased FS in matched pairs. In
all instances, two-tailed values of p<0.05 were considered
significant. Data analysis was performed using JMP soft-
ware (V.15.0; SAS Institute, Cary, North Carolina).

RESULTS

A total of 1854 patients diagnosed with pneumonia were
identified. Of these, the following were excluded: 278 due
to age <65 years, 612 due to outpatient treatment, 113 due
to HCAP or HAP, and 215 due to incomplete data such
as PSI, BI, etc. Of the 636 elderly patients with CAP, treat-
ment was prolonged in 98 patients due to complications,
even if pneumonia had resolved. The top three compli-
cations were heart failure, lumbar compression fracture

Table 3 Detailed information of cases matched by propensity score

Before matching

After matching

In rehabilitation

In rehabilitation

Yes No Yes No Standardised
n=245 n=292 P value n=166 n=166 P value difference

Aspiration, n (%) 97 (33.1) 24 (9.8) <0.001 27 (16.3) 23 (13.9) 0.539 0.19

PSI category V, n (%) 100 (34.1) 84 (34.3) 0.98 55 (33.1) 56 (33.7) 0.907 0.11

LOS (days) 19 11 <0.001 14 14 0.835 0.04

Age (years) 80 78 <0.001 78 79 0.767 0.07

BMI (kg/m?) 18.8 19.7 <0.001 19.9 18.6 0.934 0.13

DOC, n (%) 100 (34.1) 58 (23.7) 0.008 46 (27.1) 45(27.7)  0.727 0.11

BMI, body mass index; DOC, disorder of consciousness; LOS, length of stay; PSI, Pneumonia Severity Index.
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Table 4 Effect of rehabilitation in elderly patients with
community-acquired pneumonia

With rehabilitation
Decreased Maintained Total

Without Decreased 7 19 26
rehabilitation Maintained 26 114 140
Total 33 133 166
P value 0.327

and femoral fracture in 39 (39.8%), 19 (19.4%) and 11
(11.2%) patients, respectively (online supplemental table
S1). The remaining 538 cases were included in the study,
including 400 patients in the maintained group and 138
patients in the decreased group (figure 1).

The participants were 370 men (68.8%) and 168 women
(31.2%), with a median age of 79 years (73 and 84 years,
first and third quartile, respectively). The background
characteristics of these patients are summarised in table 1.
Sex, bedsores and CCI were not significantly different
between the groups. Patients in the decreased group were
older, with higher rates of DOC and aspiration and higher
PSI categories. Patients in the decreased group had
longer LOS (13 days vs 27 days, respectively; p<0.001).
Accordingly, a higher hospitalisation cost was observed
in the decreased group ($4740 vs $8667, respectively;
p<0.001). The decreased group had a higher frequency
of rehabilitation during hospitalisation than the main-
tained group (189 (47.3%) vs 104 (75.4%), respectively;
p<0.001). A total of 96 patients with Chronic Obstructive
Pulmonary Disease (COPD) were included in this study.
Pulmonary rehabilitation was conducted in patients with
respiratory failure by request of their attending physician,
and only 12 patients with continuing respiratory failure
were carried out pulmonary rehabilitation in this study by
practising mainly pursed-lips breathing. The decreased
group had higher frequencies of transfer to a nursing
home or another facility or hospital (p<0.001, overall)
and higher in-hospital mortality (8 (2.0%) vs 37 (36.8%),
respectively; p<0.001). The top three causative micro-
organisms were Streptococcus pneumoniae, Klebsiella pneumo-
niae and Staphylococcus aureus in 71 (13.2%), 43 (8.0%)
and 38 (7.1%) cases, respectively (online supplemental
table S2). There were no statistical differences between
the two groups.

Multivariable analyses of factors contributing to
decreased FS are shown in table 2. Compared with the
maintained group, the ORs for LOS, aspiration, age and
PSI category V (refer IVH+III+II) were 1.05 (95% CI 1.04
to 1.07), 2.66 (95% CI 1.58 to 4.49), 1.05 (95% CI 1.02 to
1.09) and 1.92 (95% CI 1.29 to 3.44), respectively. DOC,
BMI and undergoing rehabilitation were not significantly
different.

In order to check the effect of rehabilitation in
preventing decreased FS, 166 cases were matched after
propensity score analysis using variables identified on

multivariate analysis (table 3). Age, BMI, aspiration, DOC,
LOS and PSI category V showed no significant differences.
For the matched cases, McNemar’s test was performed
and showed no significant differences in preventing
decreased FS between the two groups (p=0.327; table 4).

Multiple logistic regression analysis of mortality was
conducted between survived and non-survived groups.
PSI score and FS at admission were independent factors
for mortality. The ORs for PSI score and FS at admission
were 131.2 (95% CI 21.2 to 812.1,p<0.01) and 5.3 (95%
CI 2.2 to 12.6, p<0.01) (online supplemental table S3).
Multiple linear regression analysis was also conducted to
identify the risk factors for patients with CAP above mean
hospitalisation expenses, revealing aspiration pneumonia
and BMI were independent risk factors (online supple-
mental table S4). The ORs were 2.06 (95% CI 1.16 to
3.66, p=0.01) and 4.8 (95% CI 1.05 to 22.3, p=0.04) for
aspiration pneumonia and BMI.

DISCUSSION

In this retrospective cohort study, prolonged LOS was
observed in the decreased FS group. After multivariable
regression analysis, aspiration pneumonia, PSI category
V, LOS and age were identified as independent factors
contributing to decreased FS. There were 138 (25.7%)
elderly patients with CAP who showed decreased FS in
this study, which was higher than in previous studies.” °
On propensity score analysis, after adjusting for age, BMI,
aspiration pneumonia, DOC, LOS and PSI, rehabilitation
showed a limited effect in preventing decreased FS in
elderly patients with CAP.

There were other factors affecting decreased FS. Age-
associated alterations not only decrease innate and adap-
tive immune responses but also involve structural and
functional deteriorations of most physiological systems,
which may negatively impact the ability of the individual
to carry out ADL."” Ageing is a major risk factor for the
development of virtually every lung disease, with increased
morbidity and mortality, whereas morbidities and mortal-
ities from other prevalent diseases have decreased or
remained stable.'®

In the process of ageing, aspiration pneumonia, a
subclass of CAP, is an increasingly significant problem in
elderly persons and it is expected to contribute increas-
ingly to mortality and morbidity in the elderly popula-
tion over the coming decades.” Diagnosing aspiration
pneumonia has been notoriously problematic because
there have not been any established criteria for its diag-
nosis. Aspiration pneumonia is often diagnosed clinically,
relying on history and physical examination. Aspiration
pneumonia accounts for 7%-24% of CAP cases.”” The
rate of aspiration in patients was 22.5% (overall) and up to
44.9% in the decreased group. Aspiration independently
increased the risk of in-hospital mortality”’ and was also
an independent factor related to decreased FS.

The PSI is considered the best predictor of mortality
in CAP.”” * Most patients who die from pneumonia
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are elderly, with multiple comorbidities and signifi-
cant limitations in care put in place at or during admis-
sion. Surviving patients face the additional problem of
decreased FS. According to the present study, FS tended
to easily decrease in severe pneumonia. Decreased FS
and LOS are important risk factors for unplanned rehos-
pitalisation.” A prolonged LOS would result in a higher
hospitalisation cost. Aspiration pneumonia and low BMI
were independent factors. The average medical cost for
the decreased group was almost double that of the main-
tained group. In addition to finding an effective method
of rehabilitation, discharge planning might be necessary
to decrease hospitalisation costs. Early discharge plan-
ning might be useful in reducing LOS in patients with
pneumonia.**

The effects of rehabilitation have been evaluated from
various aspects, but there was no definite conclusion.
Some studies showed that early rehabilitation reduced
LOS® * in pneumonia, but another study showed that
it would prolong LOS.” The effects of rehabilitation on
mortality and readmission rates were also unclear.”* The
present study showed that rehabilitation had a limited
effect in preventing decreased FS in elderly patients with
CAP. This does not mean that rehabilitation is useless in
CAP. Further research is warranted to find a more cost-
effective approach to rehabilitation with adjustment for
patient background and hospital characteristics.

There were no differences in causative micro-
organisms between the two groups of different FS. The
most frequent causative micro-organism was S. pneumo-
niae. The multivariable analysis showed PSI score and FS
at admission were independent factors contributing to
hospital mortality, which was coordinated with previous
studies.”

Limitations

Some limitations to this study need to be considered when
interpreting the results. First, this study was limited to two
medical facilities. Second, only patients with CAP were
included, and FS in HCAP or HAP is also important in
elderly patients but remains unclear. Third, due to lack of
information about cognitive function, a tool such as the
Functional Independence Measure® was not applicable.
Fourth, FS was divided into three categories, whereas
continuous variables might be more informative. Fifth,
there were other factors such as exercise, social issues and
economic situation that could affect FS other than reha-
bilitation, but they were not included in the present study
due to lack of information about them on the medical
records. Six, PSI was evaluated on admission, not the
most severe condition during admission, which might be
underestimated.

CONCLUSIONS

Aspiration pneumonia and PSI category V played
important role in decreased FS in pneumonia. The
effect of rehabilitation is still unclear in CAP and further

research is warranted to analyse the cost-effectiveness of
rehabilitation.

Acknowledgements The authors would like to thank and acknowledge the
cooperation of all the participants in the study who volunteered their time and gave
accounts of experiences without which none of the work would have been possible.

Contributors HC, YHa and NH conceived of the study and participated in its
design and were responsible for the overall content as guarantors. YS did the main
statistical analysis. HC, YHa, NH, YS, YHi and TK did critical reviews of the whole
manuscript. HC collected and interpreted the data and was a major contributor to
writing the manuscript. All authors read and approved the final manuscript.

Funding The authors have not declared a specific grant for this research from any
funding agency in the public, commercial or not-for-profit sectors.

Competing interests None declared.

Patient and public involvement Patients and/or the public were not involved in
the design, or conduct, or reporting, or dissemination plans of this research.

Patient consent for publication Obtained.

Ethics approval This study involves human participants and was approved by
the institutional review boards of Yokohama City University Hospital and Kanto
Rosai Hospital (reference numbers B190600008 and KR2018-29, respectively) and
conformed to the provisions of the Declaration of Helsinki (as revised in Brazil in
2013).

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data are available upon reasonable request. The
raw data are available by email on reasonable request to the corresponding author
(email: chinksmd@yahoo.co.jp).

Supplemental material This content has been supplied by the author(s). It has
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been
peer-reviewed. Any opinions or recommendations discussed are solely those

of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and
responsibility arising from any reliance placed on the content. Where the content
includes any translated material, BMJ does not warrant the accuracy and reliability
of the translations (including but not limited to local regulations, clinical guidelines,
terminology, drug names and drug dosages), and is not responsible for any error
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the use
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iD
Hao Chen http://orcid.org/0000-0003-3074-2235

REFERENCES

1 Organization WH. The top 10 causes of death, 2018. Available:
https://www.who.int/en/news-room/fact-sheets/detail/the-top-10-
causes-of-death

2 Wunderink RG, Waterer G. Advances in the causes and management
of community acquired pneumonia in adults. BMJ 2017;358:j2471.

3 lIshiguro T, Kagiyama N, Uozumi R, et al. Risk factors for the severity
and mortality of pneumococcal pneumonia: importance of premorbid
patients' performance status. J Infect Chemother 2016;22:685-91.

4 Haas A, Frailty SimoneP. Leisure activity and functional status in
older adults: relationship with subjective well being. Clin Gerontol
2013;36:275-93.

5 Kosai K, Izumikawa K, Imamura Y, et al. Importance of functional
assessment in the management of community-acquired and
healthcare-associated pneumonia. Intern Med 2014;53:1613-20.

6 Chen H, Hara Y, Horita N, et al. Declined functional status prolonged
hospital stay for community-acquired pneumonia in seniors. Clin
Interv Aging 2020;15:1513-9.

7 Yagi M, Yasunaga H, Matsui H, et al. Effect of early rehabilitation on
activities of daily living in patients with aspiration pneumonia. Geriatr
Gerontol Int 2016;16:1181-7.

8 Ghimire S, Paudel G, Mistry SK, et al. Functional status and its
associated factors among community-dwelling older adults in

Chen H, et al. BMJ Open 2022;12:2051307. doi:10.1136/bmjopen-2021-051307

“ybuAdoo Aq paroaroid 1sanb Aq £20z ‘2 Ainc uo Jwod fwqg uadolway/:dny woly papeojumoq "Zz0oz 1aquiaidas GT uo Z0STS0-T202Z-uadolwa/9eTT 0T Se paysignd isiy :uado NG


http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0003-3074-2235
https://www.who.int/en/news-room/fact-sheets/detail/the-top-10-causes-of-death
https://www.who.int/en/news-room/fact-sheets/detail/the-top-10-causes-of-death
http://dx.doi.org/10.1136/bmj.j2471
http://dx.doi.org/10.1016/j.jiac.2016.07.008
http://dx.doi.org/10.2169/internalmedicine.53.2499
http://dx.doi.org/10.2147/CIA.S267349
http://dx.doi.org/10.2147/CIA.S267349
http://dx.doi.org/10.1111/ggi.12610
http://dx.doi.org/10.1111/ggi.12610
http://bmjopen.bmj.com/

rural Nepal: findings from a cross-sectional study. BMC Geriatr
2021;21:335.

9 Mahoney FI, BARTHEL DW. Functional evaluation: the BARTHEL
index. Md State Med J 1965;14:61-5.

10 Horita N, Miyazawa N, Yoshiyama T, et al. Decreased activities of
daily living is a strong risk factor for liver injury by anti-tuberculosis
drugs. Respirology 2013;18:474-9.

11 Teasdale G, Jennett B. Assessment of coma and impaired
consciousness. A practical scale. Lancet 1974;2:81-4.

12 Mandell LA, Wunderink RG, Anzueto A, et al. Infectious diseases

Society of America/American thoracic Society consensus guidelines

on the management of community-acquired pneumonia in adults.
Clin Infect Dis 2007;44:S27-72.

13 Kalil AC, Metersky ML, Klompas M, et al. Management of adults with
hospital-acquired and ventilator-associated pneumonia: 2016 clinical
practice guidelines by the infectious diseases Society of America and

the American thoracic Society. Clin Infect Dis 2016;63:e61-111.

14 Charlson ME, Pompei P, Ales KL, et al. A new method of classifying

prognostic comorbidity in longitudinal studies: development and
validation. J Chronic Dis 1987;40:373-83.

15 Fine MJ, Auble TE, Yealy DM, et al. A prediction rule to identify low-

risk patients with community-acquired pneumonia. N Engl J Med
1997;336:243-50.

16 Austin PC. Balance diagnostics for comparing the distribution of
baseline covariates between treatment groups in propensity-score
matched samples. Stat Med 2009;28:3083-107.

17 Roberts CE, Phillips LH, Cooper CL, et al. Effect of different types of
physical activity on activities of daily living in older adults: systematic

review and meta-analysis. J Aging Phys Act 2017;25:653-70.

18 Thannickal VJ, Murthy M, Balch WE, et al. Blue Journal conference.
Aging and susceptibility to lung disease. Am J Respir Crit Care Med

2015;191:261-9.

19 Rodriguez AE, Restrepo MI. New perspectives in aspiration
community acquired pneumonia. Expert Rev Clin Pharmacol
2019;12:991-1002.

20 Reza Shariatzadeh M, Huang JQ, Marrie TJ. Differences in the
features of aspiration pneumonia according to site of acquisition:
community or continuing care facility. J Am Geriatr Soc
2006;54:296-302.

21

22

23

24

25

26

27

28

29

30

31

Komiya K, Rubin BK, Kadota J-I, et al. Prognostic implications

of aspiration pneumonia in patients with community acquired
pneumonia: a systematic review with meta-analysis. Sci Rep
2016;6:38097.

Murcia J, Llorens P, Sanchez-Paya J, et al. Functional status
determined by Barthel index predicts community acquired
pneumonia mortality in general population. J Infect 2010;61:458-64.
Morandi A, Bellelli G, Vasilevskis EE, et al. Predictors of
rehospitalization among elderly patients admitted to a rehabilitation
hospital: the role of polypharmacy, functional status, and length of
stay. J Am Med Dir Assoc 2013;14:761-7.

Chen H, Hara Y, Horita N, et al. An early screening tool for discharge
planning shortened length of hospital stay for elderly patients with
community-acquired pneumonia. Clin Interv Aging 2021;16:443-50.
Carratala J, Garcia-Vidal C, Ortega L, et al. Effect of a 3-step critical
pathway to reduce duration of intravenous antibiotic therapy and
length of stay in community-acquired pneumonia: a randomized
controlled trial. Arch Intern Med 2012;172:922-8.

José A, Dal Corso S. Inpatient rehabilitation improves functional
capacity, peripheral muscle strength and quality of life in patients
with community-acquired pneumonia: a randomised trial.

J Physiother 2016;62:96-102.

Larsen T, Lee A, Brooks D, et al. Effect of early mobility as a
physiotherapy treatment for pneumonia: a systematic review and
meta-analysis. Physiother Can 2019;71:82-9.

Momosaki R, Yasunaga H, Matsui H, et al. Effect of early
rehabilitation by physical therapists on in-hospital mortality after
aspiration pneumonia in the elderly. Arch Phys Med Rehabil
2015;96:205-9.

Jeon K, Yoo H, Jeong B-H, et al. Functional status and mortality
prediction in community-acquired pneumonia. Respirology
2017;22:1400-6.

Sanz F, Morales-Suarez-Varela M, Fernandez E, et al. A composite
of functional status and pneumonia severity index improves the
prediction of pneumonia mortality in older patients. J Gen Intern Med
2018;33:437-44.

Keith RA, Granger CV, Hamilton BB, et al. The functional
independence measure: a new tool for rehabilitation. Adv Clin
Rehabil 1987;1:6-18.

Chen H, et al. BMJ Open 2022;12:2051307. doi:10.1136/bmjopen-2021-051307

“ybuAdoo Aq paroaroid 1sanb Aq £20z ‘2 Ainc uo Jwod fwqg uadolway/:dny woly papeojumoq "Zz0oz 1aquiaidas GT uo Z0STS0-T202Z-uadolwa/9eTT 0T Se paysignd isiy :uado NG


http://dx.doi.org/10.1186/s12877-021-02286-8
http://www.ncbi.nlm.nih.gov/pubmed/14258950
http://dx.doi.org/10.1111/resp.12008
http://dx.doi.org/10.1016/s0140-6736(74)91639-0
http://dx.doi.org/10.1086/511159
http://dx.doi.org/10.1093/cid/ciw353
http://dx.doi.org/10.1016/0021-9681(87)90171-8
http://dx.doi.org/10.1056/NEJM199701233360402
http://dx.doi.org/10.1002/sim.3697
http://dx.doi.org/10.1123/japa.2016-0201
http://dx.doi.org/10.1164/rccm.201410-1876PP
http://dx.doi.org/10.1080/17512433.2019.1663730
http://dx.doi.org/10.1111/j.1532-5415.2005.00608.x
http://dx.doi.org/10.1038/srep38097
http://dx.doi.org/10.1016/j.jinf.2010.08.006
http://dx.doi.org/10.1016/j.jamda.2013.03.013
http://dx.doi.org/10.2147/CIA.S296390
http://dx.doi.org/10.1001/archinternmed.2012.1690
http://dx.doi.org/10.1016/j.jphys.2016.02.014
http://dx.doi.org/10.1016/j.jphys.2016.02.014
http://dx.doi.org/10.3138/ptc.2017-51.ep
http://dx.doi.org/10.1016/j.apmr.2014.09.014
http://dx.doi.org/10.1111/resp.13072
http://dx.doi.org/10.1007/s11606-017-4267-8
http://www.ncbi.nlm.nih.gov/pubmed/3503663
http://www.ncbi.nlm.nih.gov/pubmed/3503663
http://bmjopen.bmj.com/

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Open

Is rehabilitation effective in preventing decreased functional status after community-
acquired pneumonia in elderly patients — result from a multicenter retrospective

observational study

Running title: Functional status after pneumonia

Hao Chen!, Yu Hara!, Nobuyuki Horita!, Yusuke Saigusa®, Yoshihiro Hirai?, Takeshi Kaneko'

! Department of Respiratory Medicine, Yokohama City University Hospital, Yokohama, Japan
2 Department of Respiratory Medicine, Kanto Rosai Hospital, Kawasaki, Japan
3 Department of Biostatistics, Yokohama City University Graduate School of Medicine,

Yokohama, Japan

Corresponding author: Hao Chen
Department of Respiratory Medicine, Yokohama City University Hospital, 3-9 Fukuura,
Kanazawa, Yokohama 236-0004, Japan

E-mail: chinsmd@gmail.com

Tel: 045-352-7962; Fax: 045-352-7963

Supplementary Tables

Chen H, et al. BMJ Open 2022; 12:€051307. doi: 10.1136/bmjopen-2021-051307



BMJ Publishing Group Limited (BMJ) disclaims al liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Open

Table S1 Detail information of complications in excluded patients

Complications No. patients Frequency

heart failure 39 39.8%
Lumbar compression fracture 19 19.4%
femoral fracture 11 11.2%
acute myocardial infarction 6 6.1%
cerebral infarction 5 5.1%
Ohers (tumors, et.al.) 18 18.4%
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Table S2. Distribution of the causative microorganisms in patients with maintained

and decreased group from sputum and blood cultures.

Microorganisms Total Maintained group Decreased group
Streptococcus pneumoniae 71 58 13
Klebsiella pneumonia 43 29 14
Staphylococcus aureus 38 28 10
Pseudomonas aerogenes 27 20 7
Escherichia coli 19 13 6
Haemophilus influenzae 19 12 7
Moraxella Branhamel 13 9 4
Klebsiella oxytoca 9 7 2
Stenotrophomonas 8 7 1
Raoultella planticola 7 6 1
Streptococcus agalactiae 6 5 1
Enterobacter aerogenes 5 3 2
Enterobacter cloacae 4 3 1
Pseudomonas fluorescens 4 2 2
normal flora 222 168 54
Others 6 4 2
Mixed 11 8

Not tested 26 18 8
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Table S3 Multivariable analysis of risk factors for mortality in CAP

Mortality
Risk factors
OR 95%CI p value
PSI score 131.2 21.2 812.1 <0.01
FS at admission 5.3 2.2 12.6 <0.01
BMI 0.09 0.01 1.58 0.09
Age 1.01 0.98 1.06 0.38

CAP, community acquired pneumonia; PSI, Pneumonia Severity Index; FS: functional

status; BMI, body mass index; OR, odds ratio; CI: confidence interval
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Table S4 Multivariable analysis of risk factor for CAP patients above mean hospitalization

expenses
High cost
Risk factor
OR 95%CI p value
Aspiration pneumonia 2.06 1.16 3.36 0.01
BMI 4.83 1.05 223 0.04
PSI Score 0.29 0.07 1.14 0.07

CAP, community acquired pneumonia; BMI, body mass index; PSI, Pneumonia Severity

Index; OR, odds ratio; CI: confidence interval
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