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INTRODUCTION

Down’s Syndrome (DS) is no longer considered a pediatric 
disease but rather a condition affecting people throughout 
their lives. The life expectancy of people with DS has 
increased dramatically in recent decades—the estimated 
global life expectancy was 35 years in the 1980s and in-
creased to 55–60 years in the 2010s.1–3) As a result, a grow-

ing number of health issues have emerged in relation to the 
aging of adults with DS. Recent data from the USA show an 
increased probability of death from dementia, heart disease, 
and pneumonia in mature adults with DS aged 30 years and 
older.4) A previous study suggested that individuals with DS 
are highly likely to receive inpatient care for the abovemen-
tioned diseases.

One of the leading causes of hospitalization in patients with 
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Objectives: There has been no analysis of the effects of in-hospital rehabilitation on adult patients 
with Down’s Syndrome (DS) after hospitalization for community-acquired pneumonia (CAP). 
Medical claims data retrospectively collected nationwide were used to examine outcomes at dis-
charge. Methods: Hospitalization data were obtained from 440 Japanese hospitals for DS patients 
with CAP that were discharged between 1 June 2009 and 31 January 2022 (n=2897). After the 
exclusion of 2478 patients, mainly on the basis of age or type of admission, the records of 419 
patients were extracted. The following were used as outcomes: (1) 30-day readmission, (2) 45-day 
readmission, (3) discharge Barthel Index (BI), (4) BI score gain, and (5) length of hospital stay. The 
targeted minimum loss-based estimator was used to examine effects of the average daily times of 
rehabilitation on outcomes at discharge. Results: Most patients had no in-hospital rehabilitation 
(73.5%). Provided that the average daily time of rehabilitation therapy was at least 20 min, BI 
scores were lower at discharge (coefficient, −15.91; 95% confidence interval, −30.07 to −1.75) and 
BI gain was lower (coefficient, −12.56; 95% confidence interval, −25.60 to 0.47) when compared 
with the use of no rehabilitation therapy. Conclusions: In-hospital rehabilitation medicine in DS 
patients with CAP provided by a therapist was not associated with improved activities of daily liv-
ing at discharge. Future studies are warranted to develop systematic, efficient, and comprehensive 
rehabilitation medicine for DS patients suffering from CAP.
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DS is community-acquired pneumonia (CAP).5) Individuals 
with DS are more likely to be hospitalized because of CAP 
than the general population.5) Previous observational studies 
mainly targeting the older population reported coexisting 
dysphasia and physical frailty among patients hospitalized 
for CAP.6–8) Adults with DS are more likely to have respira-
tory issues, immune system deficiency, frailty, disability, 
intellectual disability, and oral dysfunction, highlighting 
the importance of multifaceted inpatient care for these pa-
tients.9–13)

Few studies have reported on the effects of rehabilitation 
therapy on patients with CAP. A systematic review study 
examining therapy for patients with pneumonia concluded 
that chest physical therapy was not beneficial in reducing 
mortality risk or improving the cure rate.14) The review 
study also reported that there was limited evidence that 
chest physical therapy reduced the length of hospital stay. 
Recent studies examining the effects of physical training 
induced by physical therapists for hospitalized patients with 
CAP reported improved hospital discharge outcomes, such 
as functional capacity, quality of life, and activities of daily 
living.15,16) It is likely that adequate in-hospital rehabilitation 
therapy for DS patients hospitalized for CAP is required to 
integrate these previous findings and improve outcomes, 
given that individuals with DS are more prone to poor clini-
cal outcomes.17) However, few studies have investigated the 
effects of rehabilitation therapy on patients with DS. Most 
studies on the care of respiratory tract infections exclude 
this vulnerable group even though they are at higher risk for 
these infections.18)

Recently, a new framework known as the targeted mini-
mum loss-based estimator (TMLE) has allowed researchers 
to calculate treatment effects using a counterfactual approach 
instead of traditional methods that focus on associations.19) 
Moreover, TMLE does not depend on parametric assump-
tions, thereby allowing the use of a weighted combination 
of machine learning algorithms (e.g., generalized linear 
models, generalized additive models, gradient boosting 
models, neural networks). This novel framework was used 
to examine the association between in-hospital rehabilita-
tion therapy and outcomes at discharge in adult DS patients 
hospitalized for CAP.

MATERIALS AND METHODS

Patient Selection
Data were collected by Medical Data Vision Co., Ltd. and 

were derived from the Diagnosis Procedure Combination 

(DPC) database.20) The DPC system is a patient classification 
system that is used by acute care hospitals to coordinate pay-
ment reimbursement. As part of its function, the DPC system 
collects clinical information on each patient, including age, 
sex, primary diagnosis (by ICD-10 codes), consciousness 
status and comorbidities at admission, rehabilitation during 
hospitalization, activity status at discharge, complications 
after admission (by ICD-10 codes), in-hospital mortality, 
number of hospital beds, length of stay, and hospital charges.

We obtained hospitalization data from 440 hospitals 
throughout Japan for patients with DS (ICD-10 code Q900) 
and CAP (ICD-10 codes J09-J18) who were discharged 
between 1 June 2009 and 31 January 2022 (n=2897). We 
excluded the following patients: (1) those aged under 15 
years (n=2366), (2) those with a hospital readmission within 
30 days of the last discharge (n=28), (3) those with a length 
of hospital stay of less than 3 days (n=37), (4) those with 
hospital-acquired pneumonia (n=31), and (5) those admitted 
from another hospital (n=16). Consequently, the data of 419 
patients were used in our main analysis (Fig. 1). Clinical 
information such as the severity of pneumonia (A-DROP 
score) is only entered into the DPC system for patients aged 
15 years and older. Therefore, patients younger than 15 years 
were excluded from the analysis.

Outcomes
The following were used as outcomes: (1) 30-day readmis-

sion, (2) 45-day readmission, (3) Barthel Index (BI) score at 
discharge, (4) the difference in BI scores between admission 
and discharge (i.e., BI gain), and (5) the length of hospital 
stay. We used 30-day and 45-day readmissions as the out-
comes following previous studies.21,22) The minimal clini-
cally important difference in BI is reported as 15 points.23)

Exposures
The exposure variable was defined as the average daily 

time of in-hospital rehabilitation therapy, which was calcu-
lated as the total time of rehabilitation therapy divided by 
the length of hospital stay. Rehabilitation therapy is covered 
by the medical insurance system in Japan and is subject to 
a disease-based payment system. Standards for providing 
rehabilitation, such as the number of specialists and the area 
of rehabilitation rooms, are also defined according to the dis-
ease. The minimum payment unit is 20 min of rehabilitation, 
and the unit price is determined according to the disease.24) 
We divided patients into three groups according to the reha-
bilitation time: none, < 20 min/day, or ≥ 20 min/day.

Patients hospitalized for pneumonia can claim a general 
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respiratory rehabilitation payment for therapy performed by 
a therapist under the direction of a physician. In practice, 
there are cases in which the number of specialists and the area 
of rehabilitation rooms may not meet the specified standard. 
Another disease-specific rehabilitation payment (e.g., disuse 
or musculoskeletal disease rehabilitation payments) may 
be claimed in those cases without respiratory rehabilitation 
payment. Whether respiratory rehabilitation was claimed 
was also used as an exposure variable in this study.

Covariates
We used the following variables as covariates in the analy-

sis: (1) pre-admission data and data at the time of admission 
and (2) data during hospitalization. Pre-admission data and 
data at the time of admission included age, sex, Hospital 
Frailty Risk Score (HFRS; < 5, 5–15, or ≥ 16),25) the use of 
supplemental nasogastric feeding, parenteral nutrition, or in-
travenous infusion at admission, residence before admission 
(home or nursing facility), body weight status [body mass 
index (BMI) < 18.5 or ≥ 30.0 kg/m2],26) number of hospital 
beds (< 200, 200–499, or ≥ 500), the A-DROP score (0, 1–2, 
3, or 4–5), admission by ambulance, and BI score at admis-
sion. Data collected during hospitalization included whether 
rehabilitation therapy started within 2 days of admission, 
daily medical resource input within 7 days of hospitalization, 
whether admitted to the intensive care unit (ICU), length 
of hospital stay, whether a dysphasia rehabilitation therapy 
charge was claimed, and whether a respiratory rehabilitation 
charge was claimed.

According to a previous study, HFRS was calculated based 

on the ICD-10 codes recorded in the inpatient and outpatient 
claims during the 12-month look-back period.27) We clas-
sified HFRS into three groups based on the previous study 
(low [< 5], intermediate [5–15], and high [≥ 16]). The number 
of hospital beds was classified based on reimbursement and 
hospital function as small (< 200), medium (200–499), or 
large (≥ 500).28) The A-DROP system was proposed by the 
Japanese Respiratory Society as a modified version of the 
CURB-65 score (confusion, uremia, respiratory rate, low 
blood pressure, age 65 years or greater) of the British Tho-
racic Society.29) The A-DROP score provides a rating of the 
clinical severity of CAP on a 6-point scale: 0, mild; 1–2, mod-
erate; 3, severe; 4–5, extremely severe.29) It is based on the 
following parameter cutoffs: (1) age (men 70 years, women 
75 years); (2) dehydration (blood urea nitrogen 210 mg/L); (3) 
respiratory failure (arterial oxygen saturation 90% or partial 
pressure of oxygen in arterial blood 60 mmHg); (4) orienta-
tion disturbance; and (5) low blood pressure (systolic blood 
pressure 90 mmHg). The BI score at the time of admission 
was added to our model to take into account the possibility 
of regression to the mean.30) The medical resource input was 
the amount of medical treatment performed on a patient, 
excluding basic hospitalization and rehabilitation charges, 
and was converted into a piece-rate medical payment. The 
amount increased as more advanced medical resources were 
required. The length of hospital stay was used as a covariate 
only for analyzing BI and readmission as outcomes.

Statistical Analysis
Our statistical analysis considered the temporal nature of 
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Fig. 1. Flow diagram for patient data collection.
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the data structure, given that the data was acquired at dif-
ferent times relative to admission: pre-admission data, data 
collected at the time of admission, data collected during 
hospitalization, and data collected at discharge. The analy-
sis consisted of three main steps. First, we defined several 
hypothetical exposure scenarios by dynamically shifting the 
observed exposure level of each patient: scenario 1, No pa-
tients received rehabilitation therapy; scenario 2, All patients 
received < 20 min/day rehabilitation therapy; scenario 3, All 
patients received ≥ 20 min/day rehabilitation therapy; scenar-
io 4, What if patients who did not receive any rehabilitation 
therapy received < 20 min/day; scenario 5, What if patients 
who did not receive any rehabilitation therapy received ≥ 20 
min/day. Then, TMLE was used to obtain expected outcome 
estimates under each of the aforementioned scenarios. Use of 
TMLE is a doubly robust method based on the combination 
of the G-computation and inverse probability of treatment-
weighting approaches.19) Finally, the outcome estimates for 
the different exposure scenarios were contrasted against 
scenario 1 or with the originally observed exposure to obtain 
the odds ratios (ORs) or additive treatment effects and their 
95% confidence intervals (CIs).

A secondary analysis was also conducted with exposure 
to a variable indicating whether a respiratory rehabilitation 
charge (e.g., disuse syndrome rehabilitation charge, mus-
culoskeletal disorders rehabilitation charge) was claimed. 
Therefore, this secondary analysis did not include patients 
who did not receive any rehabilitation therapy during their 
hospitalization. We aimed to examine the extent to which 
specialized respiratory rehabilitation provided by physicians 
and physical therapists (specialists) would differ in outcomes 
when compared with other rehabilitation medicine.

We also conducted sensitivity analyses in which we ex-
cluded patients with severe pneumonia (A-DROP > 2) and 
those with independent activities of daily living (BI=100), 
and the same analyses were performed. Patients who died 
during hospitalization (n=15) were treated as censoring 
events to control collider-stratification bias.31) We applied 
the random forest imputation approach to deal with the 
missing variables, which is recommended for data with 
mixed continuous and categorical variables.32) We used the 
SuperLearner algorithm to obtain more robust specifica-
tion of G-computation and inverse probability weighting 
approaches.33) Specifically, the SuperLearner algorithm is 
a method to improve the accuracy of a prediction by combin-
ing multiple models.34) Previous studies have suggested the 
combined use of both parametric and non-parametric models 
for model specifications to improve the accuracy of predic-

tions in observational data.35,36) In this study, generalized 
linear models (for linear relationships), generalized additive 
models (for non-linear relationships), gradient boosting mod-
els (for more complex relationships), and neural networks 
(for more complex relationships) were used for the candidate 
algorithms.34) We used five-fold cross-validation for the 
predictions. All statistical analyses other than random forest 
imputation were conducted using R software, version 4.0.5, 
for Windows. Random forest imputation was performed 
using Python, version 3.8.3. Ethical approval was obtained 
from the Ethics Committee of Yamagata University (No. 
2022–34). The requirement for informed consent was waived 
because of the anonymous nature of the data.

RESULTS

The characteristics of the patients in this study are shown 
in Table 1. About 55.0% were men, and the mean age was 
40.6 ± 16.1 years in a total of 404 patients. The majority of the 
patients did not receive any in-hospital rehabilitation therapy 
(73.5%). Table 2 represents the cross-table for the exposure 
and the outcomes. The BI at discharge was greater in the 
group with no rehabilitation therapy than in other groups 
with rehabilitation therapy. Another cross-table showing the 
type of rehabilitation therapy and the outcomes is shown 
in Table 3. Overall, the BI at discharge and BI gain were 
greater for the group that claimed the respiratory rehabilita-
tion therapy charge.

Tables 4–9 show the results of our TMLE estimations. 
When the average daily time of rehabilitation therapy was 
at least 20 min, there was significantly lower risk of 30-day 
readmission (OR, 0.25; 95% CI, 0.06–0.98) and 45-day read-
mission (OR, 0.16; 95% CI, 0.04–0.64) when compared with 
the use of no rehabilitation therapy. Conversely, provided 
that the average daily time of rehabilitation therapy was at 
least 20 min, BI scores were lower at discharge (coefficient, 
−15.91; 95% CI, −30.07 to −1.75) and BI gain was lower (co-
efficient, −12.56; 95% CI, −25.60 to 0.47) when compared 
with the use of no rehabilitation therapy, although the latter 
was not statistically significant. When the average daily time 
of rehabilitation therapy was less than 20 min, the length of 
hospital stay was significantly longer when compared with 
the use of no rehabilitation therapy (coefficient, 5.93; 95% 
CI, 1.24−10.63). No additive effect of rehabilitation therapy 
was observed for 30-day readmission, whereas the additive 
impact of providing an average of at least 20 min/day of 
rehabilitation therapy was observed for 45-day readmission 
(OR, 0.39; 95% CI, 0.21–0.73). A curtailment effect of reha-
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bilitation therapy was observed for BI at discharge as well as 
for BI gain. However, there was no statistical difference in 
length of hospital stay in the estimation of scenarios 4 and 5.

Table 5 shows the results of our secondary analysis in 
which exposure was changed to the variable of whether the 
respiratory rehabilitation charge was claimed. Patients who 
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Table 1. Patient characteristics analyzed in this study (n=404)

Characteristic n (%)
Men 222 (55.0%)
Age (years) 40.6 (16.1)
Nursing home resident
 Yes 101 (25.0%)
Hospital Frailty Score
 <5 258 (63.9%)
 5–15 92 (22.8%)
 ≥16 54 (13.4%)
Supplemental nasogastric feeding, parenteral nutrition, or intravenous infusion at admission
 Yes 13 (3.2%)
Overweight
 Yes 129 (31.9%)
Underweight
 Yes 82 (19.6%)
Barthel Index at admission
 Dependent (<100) 68 (16.8%)
Admission by ambulance
 Yes 87 (21.5%)
A-DROP
 Mild (0) 146 (36.1%)
 Moderate (1,2) 234 (57.9%)
 Severe (3) 18 (4.5%)
 Extremely severe (4,5) 6 (1.5%)
ICU admission
 Yes 35 (8.7%)
Number of hospital beds
 <200 43 (10.6%)
 200–499 231 (57.2%)
 ≥500 130 (32.2%)
Medical resource input per day within 7 days of hospitalization (JPY) 9884.3 (9657.7)
Rehabilitation medicine started within 2 days of admission
 Yes 51 (12.6%)
Respiratory rehabilitation medicine charge was claimed
 Yes 68 (16.8%)
Dysphasia rehabilitation medicine charge was claimed
 Yes 31 (7.7%)
Average daily units of rehabilitation medicine
 None 297 (73.5%)
 < 20 min 74 (18.3%)
 ≥ 20 min 33 (8.2%)
Data given as number (percentage) or mean [standard deviation (SD)].
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claimed the respiratory rehabilitation therapy payment had 
significantly higher BI at discharge (coefficient, 11.36; 95% 
CI, 1.06–21.67) and significantly higher BI gain (coefficient, 
9.75; 95% CI, 0.78–18.72) compared with patients who un-
derwent other rehabilitation. Tables 6–9 show the results of 
our sensitivity analyses in which we excluded patients with 
severe pneumonia or those with independent daily living at 
admission. The results also supported our primary analyses.

DISCUSSION

This study examined the outcomes of in-hospital rehabili-
tation therapy in adult DS patients hospitalized for CAP. We 
found that over 70% of patients did not receive rehabilitation 
therapy. Even when rehabilitation therapy was provided, it 
averaged less than 20 min per day. Patients who received 

rehabilitation therapy had poorer discharge outcomes for 
activities of daily living and length of hospital stay than pa-
tients who received no rehabilitation therapy. We also found 
that patients that claimed respiratory rehabilitation therapy 
charges had better activities of daily living than those that 
claimed other rehabilitation charges.

We have hypothesized the following reasons for the low 
rate of rehabilitation therapy in adult DS patients hospital-
ized for CAP. The Japan Society for Respiratory Care Re-
habilitation defined respiratory rehabilitation in a statement 
published in 2018 as “an individualized, comprehensive in-
tervention to help patients with respiratory-related illnesses 
to manage their illnesses in a collaborative partnership with 
their healthcare providers to prevent disease progression or 
restore and maintain their health as much as possible, and 
to continue to support them over their disability to become 
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Table 2. Cross-table for average daily rehabilitation time and outcomes

Outcome
Average daily time of rehabilitation therapy

P valueNone < 20 min ≥ 20 min
n=297 n=74 n=33

30-day readmission
 No 280 (94.3%) 71 (95.9%) 32 (97.0%) 0.71
 Yes 17 (5.7%) 3 (4.1%) 1 (3.0%)
45-day readmission
 No 279 (93.9%) 69 (93.2%) 32 (97.0%) 0.74
 Yes 18 (6.1%) 5 (6.8%) 1 (3.0%)
Barthel Index at discharge 51.5 (39.3) 33.9 (37.2) 29.1 (33.3) < 0.001
Difference in Barthel Index between admission and discharge 4.9 (22.0) 7.4 (23.2) 0.9 (20.5) 0.36
Length of hospital stay (days) 11.0 (14.3) 25.6 (17.6) 14.3 (8.3) < 0.001
Data given as number (percentage) or mean (SD).

Table 3. Cross-table for claim of respiratory rehabilitation charge and outcomes

Outcome
Claim for respiratory rehabilitation charge

P valueNo Yes
(n=39) (n=68)

30-day readmission
 No 37 (95%) 66 (97%) 0.57
 Yes 2 (5%) 2 (3%)
45-day readmission
 No 36 (92%) 65 (96%) 0.48
 Yes 3 (8%) 3 (4%)
Barthel Index at discharge 19.5 (29.6) 39.9 (37.4) 0.004
Difference in Barthel Index between admission and discharge 0.6 (13.7) 8.2 (26.0) 0.096
Length of hospital stay (days) 21.2 (16.1) 22.6 (16.4) 0.65
Data given as number (percentage) or mean (SD).
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independent.”37) In the statement, recommended respiratory 
rehabilitation therapy consists of improving or maintaining 
physical functions and activities of daily living, which is also 
recommended in other guidelines.38,39) Those statements 
mainly focused on patients with chronic obstructive pulmo-

nary disease. Therefore, there is no clear recommendation 
regarding rehabilitation therapy for patients with CAP. This 
is one of the reasons that the majority of patients analyzed in 
this study did not receive rehabilitation therapy, and when 
they did receive therapy, it was for a short duration.

Prog. Rehabil. Med. 2023; Vol.8, 20230033 7

Table 4. Effects of average rehabilitation time on outcomes

Odds ratio/difference 95% Confidence interval P value
30-day readmission
 Scenario 1, none Ref.
 Scenario 2, < 20 min/day 0.30a 0.05–1.67 0.169
 Scenario 3, ≥ 20 min/day 0.25a 0.06–0.98 0.047
 Originally observed data Ref.
 Scenario 4, none to < 20 min/day 0.45a 0.13–1.61 0.220
 Scenario 5, none to ≥ 20 min/day 0.48a 0.18–1.24 0.129

45-day readmission
 Scenario 1, none Ref.
 Scenario 2, <20 min/day 0.57a 0.12–2.62 0.471
 Scenario 3, ≥20 min/day 0.16a 0.04–0.64 0.009
 Originally observed data Ref.
 Scenario 4, none to <20 min/day 0.48a 0.15–1.51 0.210
 Scenario 5, none to ≥20 min/day 0.39a 0.21–0.73 0.003

Barthel Index at discharge
 Scenario 1, none Ref.
 Scenario 2, <20 min/day −3.69 −19.02 to 11.64 0.637
 Scenario 3, ≥20 min/day −15.91 −30.07 to −1.75 0.028
 Originally observed data Ref.
 Scenario 4, none to <20 min/day −4.09 −8.92 to 0.73 0.096
 Scenario 5, none to ≥20 min/day −13.82 −24.17 to −3.48 0.009

Difference in Barthel Index between admission and discharge
 Scenario 1, none Ref.
 Scenario 2, <20 min/day −1.33 −13.60 to 10.94 0.832
 Scenario 3, ≥20 min/day −12.65 −26.60 to 1.30 0.075
 Originally observed data Ref.
 Scenario 4, none to <20 min/day −2.92 −6.41 to 0.57 0.101
 Scenario 5, none to ≥20 min/day −12.56 −25.60 to 0.47 0.059

Length of hospital stay
 Scenario 1, none Ref.
 Scenario 2, <20 min/day 5.93 1.24–10.63 0.013
 Scenario 3, ≥20 min/day 1.46 −1.49 to 4.41 0.332
 Originally observed data Ref.
 Scenario 4, none to <20 min/day 3.78 −1.25 to 8.81 0.140
 Scenario 5, none to ≥20 min/day 0.27 −1.99 to 2.52 0.815
a Odds ratio given.
Scenario 1, No patients received rehabilitation therapy; scenario 2, All patients received < 20 min/day rehabilitation ther-

apy; scenario 3, All patients received ≥ 20 min/day rehabilitation therapy; scenario 4, What if patients who did not receive 
any rehabilitation therapy received < 20 min/day; scenario 5, What if patients who did not receive any rehabilitation therapy 
received ≥ 20 min/day.
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A previous randomized controlled trial (RCT) reported 
that respiratory rehabilitation therapy based on 50 min of 
exercise therapy was efficient in improving physical function 
in patients with CAP.15) However, in our study, patients who 
received rehabilitation therapy had significantly poorer BI 
scores at discharge and the BI score gain was lower compared 
with those who did not receive rehabilitation therapy. The 
following points might explain the discrepancy. First, most 
patients included in our study received less than 20 min of 
rehabilitation therapy per day, which was relatively shorter 
than the program used in the previous RCT.15) Second, there 
is a possibility that multifaceted inpatient care for these 
patients was not provided even though patients with DS 
are more likely to have respiratory issues, immune system 
deficiency, frailty, disability, intellectual disability, and oral 
dysfunction.9–13) In addition, 39 patients in this study did 
not receive appropriate respiratory rehabilitation therapy 
from specialists, which may have affected the results. Those 
patients who claimed payment for respiratory rehabilitation 
had greater BI score gains than those who received other 
rehabilitation payments (Table 5). Therefore, a system in 
which respiratory specialists can provide rehabilitation 
therapy of sufficient intensity to improve discharge outcomes 
is considered necessary.

Although most of the outcomes for rehabilitation therapy 
in this study were poorer than in other studies, 30-day and 
45-day readmissions were lower in the rehabilitation therapy 
group. The results were similar to those of previous studies 

targeting pneumonia and chronic obstructive pulmonary 
disease.40,41) However, our analysis showed that patients who 
had undergone respiratory rehabilitation therapy spent more 
time in hospital. In addition to the benefits of educating pa-
tients and their families, we consider that a more systematic, 
efficient, and comprehensive rehabilitation regimen for DS 
patients hospitalized for CAP will contribute to improved 
outcomes on each measure.38,39)

This study has several limitations. First, this study is a 
retrospective observational study, indicating that the study 
may be affected by unknown confounders. Therefore, future 
studies on this topic should include a RCT. Second, we could 
not identify detailed information on the rehabilitation pro-
grams. In particular, some patients in this study were billed 
for claims other than respiratory rehabilitation charges be-
cause rehabilitation programs offered across hospitals are not 
completely standardized and may differ between hospitals. 
Therefore, further studies are warranted to explore the de-
tailed reason that patients with pneumonia were not provided 
with specialized respiratory rehabilitation. Investigation of 
whether the status of rehabilitation charges differs between 
patients and the general population is necessary. Third, the 
generalizability of our study results with other countries 
may be limited because of differences between medical care 
systems. Fourth, we did not examine the effect of dysphasia 
rehabilitation therapy on the outcomes of DS patients but 
treated them as a covariate and adjusted our model. There-
fore, future studies are warranted to examine the effect of 
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Table 5. Type of rehabilitation medicine provided effect on outcomes

Whether respiratory rehabilitation was claimed Odds ratio/difference 95% Confidence interval P value
30-day readmission
 No Ref.
 Yes 2.94a 0.34–25.29 0.325
45-day readmission
 No Ref.
 Yes 2.36a 0.33–17.12 0.395
Barthel Index at discharge
 No Ref.
 Yes 11.36 1.06–21.67 0.031
Difference in Barthel Index between admission and discharge
 No Ref.
 Yes 9.75 0.78–18.72 0.033
Length of hospital stay
 No Ref.
 Yes 5.25 −3.25 to 13.75 0.226

a Odds ratio given.
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dysphasia rehabilitation therapy on the outcomes of patients 
with DS. Fifth, we used the cross-validation approach for 
model specification in a study with a small sample size. 
Therefore, our estimates might cause model underfitting. 
Future studies with large samples are needed.

CONCLUSION

We used medical claims data from across Japan to exam-
ine the impact of in-hospital rehabilitation therapy on the 
outcomes at discharge in DS patients who were hospitalized 
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Table 6. Sensitivity analysis that excluded patients with severe pneumonia

Odds ratio/difference 95% Confidence interval P value
30-day readmission
 Scenario 1, none Ref.
 Scenario 2, <20 min/day 0.22a 0.04–1.10 0.066
 Scenario 3, ≥20 min/day 0.24a 0.06–0.97 0.045
 Originally observed data Ref.
 Scenario 4, none to <20 min/day 0.48a 0.09–2.52 0.383
 Scenario 5, none to ≥20 min/day 0.40a 0.14–1.16 0.090
45-day readmission
 Scenario 1, none Ref.
 Scenario 2, <20 min/day 0.35a 0.09–1.42 0.142
 Scenario 3, ≥20 min/day 0.30a 0.06–1.44 0.132
 Originally observed data Ref.
 Scenario 4, none to <20 min/day 0.43a 0.14–1.34 0.145
 Scenario 5, none to ≥20 min/day 0.42a 0.16–1.10 0.076
Barthel Index at discharge
 Scenario 1, none Ref.
 Scenario 2, <20 min/day −6.79 −13.48 to −0.11 0.046
 Scenario 3, ≥20 min/day −21.60 −28.29 to −14.91 <0.001
 Originally observed data Ref.
 Scenario 4, none to <20 min/day −4.26 −9.18 to 0.66 0.089
 Scenario 5, none to ≥20 min/day −15.31 −24.97 to −5.66 0.002
Difference in Barthel Index between admission and discharge
 Scenario 1, none Ref.
 Scenario 2, <20 min/day −7.29 −15.70 to 1.13 0.090
 Scenario 3, ≥20 min/day −18.48 −32.13 to −4.83 0.008
 Originally observed data Ref.
 Scenario 4, none to <20 min/day −3.19 −7.60 to 1.21 0.155
 Scenario 5, none to ≥20 min/day −15.38 −27.98 to −2.78 0.017
Length of hospital stay
 Scenario 1, none Ref.
 Scenario 2, <20 min/day 4.71 0.31–9.10 0.036
 Scenario 3, ≥20 min/day 0.88 −1.86 to 3.61 0.530
 Originally observed data Ref.
 Scenario 4, none to <20 min/day 4.39 0.53–8.25 0.026
 Scenario 5, none to ≥20 min/day 1.25 −1.31 to 3.81 0.339

a Odds ratio given.
Scenario 1, No patients received rehabilitation therapy; scenario 2, All patients received < 20 min/day rehabilitation ther-

apy; scenario 3, All patients received ≥ 20 min/day rehabilitation therapy; scenario 4, What if patients who did not receive 
any rehabilitation therapy received < 20 min/day; scenario 5, What if patients who did not receive any rehabilitation therapy 
received ≥ 20 min/day.
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for CAP. No benefits were observed for activities of daily 
living and length of hospital stay. Given that individuals with 
DS are more prone to poor clinical outcomes, future studies 
are warranted to develop a systematic, efficient, and com-
prehensive rehabilitation regimen in terms of type, duration, 

and intensity for DS patients with CAP.
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Table 7. Sensitivity analysis that excluded patients with independent activities of daily living

Odds ratio/difference 95% Confidence interval P value
30-day readmission
 Scenario 1, none Ref.
 Scenario 2, <20 min/day 0.27a 0.06–1.25 0.094
 Scenario 3, ≥20 min/day 0.26a 0.09–0.76 0.015
 Originally observed data Ref.
 Scenario 4, none to <20 min/day 0.32a 0.08–1.32 0.116
 Scenario 5, none to ≥20 min/day 0.34a 0.16–0.71 0.004
45-day readmission
 Scenario 1, none Ref.
 Scenario 2, <20 min/day 0.49a 0.11–2.16 0.344
 Scenario 3, ≥20 min/day 0.26a 0.09–0.79 0.017
 Originally observed data Ref.
 Scenario 4, none to <20 min/day 0.53a 0.17–1.58 0.254
 Scenario 5, none to ≥20 min/day 0.40a 0.20–0.80 0.009
Barthel Index at discharge
 Scenario 1, none Ref.
 Scenario 2, <20 min/day −5.48 −12.16 to 1.20 0.108
 Scenario 3, ≥20 min/day −12.47 −16.92 to −8.01 <0.001
 Originally observed data Ref.
 Scenario 4, none to <20 min/day −3.66 −8.34 to 1.02 0.126
 Scenario 5, none to ≥20 min/day −4.65 −8.43 to −0.88 0.016
Difference in Barthel Index between admission and discharge
 Scenario 1, none Ref.
 Scenario 2, <20 min/day −5.02 −11.13 to 1.09 0.108
 Scenario 3, ≥20 min/day −7.80 −12.12 to −3.47 <0.001
 Originally observed data Ref.
 Scenario 4, none to <20 min/day −3.34 −6.71 to 0.03 0.052
 Scenario 5, none to ≥20 min/day −2.41 −7.44 to 2.63 0.349
Length of hospital stay
 Scenario 1, none Ref.
 Scenario 2, <20 min/day 5.84 0.04–11.29 0.035
 Scenario 3, ≥20 min/day 0.64 −3.46 to 4.74 0.759
 Originally observed data Ref.
 Scenario 4, none to <20 min/day 4.22 −0.30 to 8.73 0.067
 Scenario 5, none to ≥20 min/day 2.20 −0.36 to 4.76 0.092

a Odds ratio given.
Scenario 1, No patients received rehabilitation therapy; scenario 2, All patients received < 20 min/day rehabilitation ther-

apy; scenario 3, All patients received ≥ 20 min/day rehabilitation therapy; scenario 4, What if patients who did not receive 
any rehabilitation therapy received < 20 min/day; scenario 5, What if patients who did not receive any rehabilitation therapy 
received ≥ 20 min/day.
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Table 8. Sensitivity analysis of secondary analysis that excluded patients with severe pneumonia

Whether respiratory rehabilitation was claimed Odds ratio/difference 95% Confidence interval P value
30-day readmission
 No Ref.
 Yes 2.20a 0.30–16.00 0.436
45-day readmission
 No Ref.
 Yes 2.55a 0.54–11.97 0.237
Barthel Index at discharge
 No Ref.
 Yes 9.46 −1.98 to 20.91 0.105
Difference in Barthel Index between admission and discharge
 No Ref.
 Yes 9.61 1.70–17.52 0.017
Length of hospital stay
 No Ref.
 Yes 4.28 −3.14 to 11.70 0.258

a Odds ratio given.

Table 9. Sensitivity analysis of secondary analysis that excluded patients with independent activities of daily living

Whether respiratory rehabilitation was claimed Odds ratio/difference 95% Confidence interval P value
30-day readmission
 No Ref.
 Yes 3.30a 0.44–24.44 0.243
45-day readmission
 No Ref.
 Yes 2.13a 0.27–16.56 0.468
Barthel Index at discharge
 No Ref.
 Yes 8.66 −6.03 to 23.35 0.248
Difference in Barthel Index between admission and discharge
 No Ref.
 Yes 6.25 −3.91 to 16.41 0.228
Length of hospital stay
 No Ref.
 Yes 4.62 −3.69 to 12.94 0.276

a Odds ratio given.



Copyright © 2023 The Japanese Association of Rehabilitation Medicine

REFERENCES

 1. Bittles AH, Glasson EJ: Clinical, social, and ethical 
implications of changing life expectancy in Down 
syndrome. Dev Med Child Neurol 2004;46:282–286. 
https://doi.org/10.1111/j.1469-8749.2004.tb00483.x, 
PMID:15077706

 2. Zhu JL, Hasle H, Correa A, Schendel D, Friedman JM, 
Olsen J, Rasmussen SA: Survival among people with 
Down syndrome: a nationwide population-based study 
in Denmark. Genet Med 2013;15:64–69. https://doi.
org/10.1038/gim.2012.93, PMID:22878506

 3. Presson AP, Partyka G, Jensen KM, Devine OJ, 
Rasmussen SA, McCabe LL, McCabe ER: Current 
estimate of Down Syndrome population prevalence in 
the United States. J Pediatr 2013;163:1163–1168. https://
doi.org/10.1016/j.jpeds.2013.06.013, PMID:23885965

 4. Landes SD, Stevens JD, Turk MA: Cause of death in 
adults with Down syndrome in the United States. Dis-
abil Health J 2020;13:100947. https://doi.org/10.1016/j.
dhjo.2020.100947, PMID:32680774

 5. Santoro SL, Chicoine B, Jasien JM, Kim JL, Stephens 
M, Bulova P, Capone G: Pneumonia and respiratory 
infections in Down syndrome: A scoping review of 
the literature. Am J Med Genet A 2021;185:286–299. 
https://doi.org/10.1002/ajmg.a.61924, PMID:33073471

 6. Melgaard D, Baandrup U, Bøgsted M, Bendtsen MD, 
Hansen T: The prevalence of oropharyngeal dysphagia 
in Danish patients hospitalised with community-ac-
quired pneumonia. Dysphagia 2017;32:383–392. https://
doi.org/10.1007/s00455-016-9765-z, PMID:28004179

 7. Almirall J, Rofes L, Serra-Prat M, Icart R, Palomera 
E, Arreola V, Clavé P: Oropharyngeal dysphagia is 
a risk factor for community-acquired pneumonia in 
the elderly. Eur Respir J 2013;41:923–928. https://doi.
org/10.1183/09031936.00019012, PMID:22835620

 8. Park CM, Kim W, Rhim HC, Lee ES, Kim JH, Cho 
KH, Kim DH: Frailty and hospitalization-associated 
disability after pneumonia: a prospective cohort study. 
BMC Geriatr 2021;21:111. https://doi.org/10.1186/
s12877-021-02049-5, PMID:33546614

 9. Watts R, Vyas H: An overview of respiratory problems 
in children with Down’s syndrome. Arch Dis Child 
2013;98:812–817. https://doi.org/10.1136/archdis-
child-2013-304611, PMID:23814080

 10. Evenhuis HM, Hermans H, Hilgenkamp TI, Bastiaanse 
LP, Echteld MA: Frailty and disability in older adults 
with intellectual disabilities: results from the healthy 
ageing and intellectual disability study. J Am Geriatr 
Soc 2012;60:934–938. https://doi.org/10.1111/j.1532-
5415.2012.03925.x, PMID:22587856

 11. Hashimoto M, Igari K, Hanawa S, Ito A, Takahashi A, 
Ishida N, Koyama S, Ono T, Sasaki K: Tongue pressure 
during swallowing in adults with Down syndrome and 
its relationship with palatal morphology. Dysphagia 
2014;29:509–518. https://doi.org/10.1007/s00455-014-
9538-5, PMID:24844770

 12. Ram G, Chinen J: Infections and immunodeficiency 
in Down syndrome. Clin Exp Immunol 2011;164:9–16. 
https://doi.org/10.1111/j.1365-2249.2011.04335.x, 
PMID:21352207

 13. Hickey F, Hickey E, Summar KL: Medical update for 
children with Down syndrome for the pediatrician 
and family practitioner. Adv Pediatr 2012;59:137–
157. https://doi.org/10.1016/j.yapd.2012.04.006, 
PMID:22789577

 14. Yang M, Yan Y, Yin X, Wang BY, Wu T, Liu GJ, Dong BR: 
Chest physiotherapy for pneumonia in adults. Cochrane 
Libr 2013;CD006338. https://doi.org/10.1002/14651858.
CD006338.pub3, PMID:23450568

 15. José A, Dal Corso S: Inpatient rehabilitation im-
proves functional capacity, peripheral muscle 
strength and quality of life in patients with com-
munity-acquired pneumonia: a randomised trial. J 
Physiother 2016;62:96–102. https://doi.org/10.1016/j.
jphys.2016.02.014, PMID:26996093

 16. Kim SJ, Lee JH, Han B, Lam J, Bukowy E, Rao A, 
Vulcano J, Andreeva A, Bertelson H, Shin HP, Yoo JW: 
Effects of hospital-based physical therapy on hospital 
discharge outcomes among hospitalized older adults 
with community-acquired pneumonia and declining 
physical function. Aging Dis 2015;6:174–179. https://
doi.org/10.14336/AD.2014.0801, PMID:26029475

 17. Smith DS: Health care management of adults with 
Down syndrome. Am Fam Physician 2001;64:1031–
1038. PMID:11578024

 18. Manikam L, Reed K, Venekamp RP, Hayward A, 
Littlejohns P, Schilder A, Lakhanpaul M: Limited 
evidence on the management of respiratory tract infec-
tions in Down’s syndrome: a systematic review. Pediatr 
Infect Dis J 2016;35:1075–1079. https://doi.org/10.1097/
INF.0000000000001243, PMID:27273687

12 Ikeda T, et al: Rehab for Pneumonia Patients with Down’s Syndrome

https://doi.org/10.1111/j.1469-8749.2004.tb00483.x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15077706?dopt=Abstract
https://doi.org/10.1038/gim.2012.93
https://doi.org/10.1038/gim.2012.93
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22878506?dopt=Abstract
https://doi.org/10.1016/j.jpeds.2013.06.013
https://doi.org/10.1016/j.jpeds.2013.06.013
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23885965?dopt=Abstract
https://doi.org/10.1016/j.dhjo.2020.100947
https://doi.org/10.1016/j.dhjo.2020.100947
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32680774?dopt=Abstract
https://doi.org/10.1002/ajmg.a.61924
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33073471?dopt=Abstract
https://doi.org/10.1007/s00455-016-9765-z
https://doi.org/10.1007/s00455-016-9765-z
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28004179?dopt=Abstract
https://doi.org/10.1183/09031936.00019012
https://doi.org/10.1183/09031936.00019012
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22835620?dopt=Abstract
https://doi.org/10.1186/s12877-021-02049-5
https://doi.org/10.1186/s12877-021-02049-5
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33546614?dopt=Abstract
https://doi.org/10.1136/archdischild-2013-304611
https://doi.org/10.1136/archdischild-2013-304611
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23814080?dopt=Abstract
https://doi.org/10.1111/j.1532-5415.2012.03925.x
https://doi.org/10.1111/j.1532-5415.2012.03925.x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22587856?dopt=Abstract
https://doi.org/10.1007/s00455-014-9538-5
https://doi.org/10.1007/s00455-014-9538-5
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24844770?dopt=Abstract
https://doi.org/10.1111/j.1365-2249.2011.04335.x
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21352207?dopt=Abstract
https://doi.org/10.1016/j.yapd.2012.04.006
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22789577?dopt=Abstract
https://doi.org/10.1002/14651858.CD006338.pub3
https://doi.org/10.1002/14651858.CD006338.pub3
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23450568?dopt=Abstract
https://doi.org/10.1016/j.jphys.2016.02.014
https://doi.org/10.1016/j.jphys.2016.02.014
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26996093?dopt=Abstract
https://doi.org/10.14336/AD.2014.0801
https://doi.org/10.14336/AD.2014.0801
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26029475?dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11578024?dopt=Abstract
https://doi.org/10.1097/INF.0000000000001243
https://doi.org/10.1097/INF.0000000000001243
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27273687?dopt=Abstract


Copyright © 2023 The Japanese Association of Rehabilitation Medicine

 19. Schuler MS, Rose S: Targeted maximum likelihood 
estimation for causal inference in observational 
studies. Am J Epidemiol 2017;185:65–73. https://doi.
org/10.1093/aje/kww165, PMID:27941068

 20. Yasunaga H, Matsui H, Horiguchi H, Fushimi K, 
Matsuda S: Clinical epidemiology and health services 
research using the diagnosis procedure combination 
database in Japan. Asian Pac J Dis Manag 2015;7:19–
24. https://doi.org/10.7223/apjdm.7.19

 21. Bradford C, Shah BM, Shane P, Wachi N, Sahota 
K: Patient and clinical characteristics that heighten 
risk for heart failure readmission. Res Social Adm 
Pharm 2017;13:1070–1081. https://doi.org/10.1016/j.
sapharm.2016.11.002, PMID:27888091

 22. Zhou H, Della PR, Roberts P, Goh L, Dhaliwal SS: Util-
ity of models to predict 28-day or 30-day unplanned 
hospital readmissions: an updated systematic review. 
BMJ Open 2016;6:e011060. https://doi.org/10.1136/
bmjopen-2016-011060, PMID:27354072

 23. Bouwstra H, Smit EB, Wattel EM, van der Wouden 
JC, Hertogh CM, Terluin B, Terwee CB: Measurement 
properties of the Barthel Index in geriatric rehabilita-
tion. J Am Med Dir Assoc 2019;20:420–425. https://
doi.org/10.1016/j.jamda.2018.09.033, PMID:30448338

 24. Yamaguchi K, Makihara Y, Kono M: Rehabilitation 
professionals for the aging society in Japan: their 
scopes of work and related health policies and systems. 
J Natl Inst Public Health 2022;71:35–44.

 25. Gilbert T, Neuburger J, Kraindler J, Keeble E, Smith 
P, Ariti C, Arora S, Street A, Parker S, Roberts HC, 
Bardsley M, Conroy S: Development and validation of 
a Hospital Frailty Risk Score focusing on older people 
in acute care settings using electronic hospital records: 
an observational study. Lancet 2018;391:1775–1782. 
ht tps://doi.org/10.1016/S0140-6736(18)30668-8, 
PMID:29706364

 26. WHO Expert Consultation: Appropriate body-mass in-
dex for Asian populations and its implications for policy 
and intervention strategies. Lancet 2004;363:157–163. 
ht tps://doi.org/10.1016/S0140-6736(03)15268-3, 
PMID:14726171

 27. Nishimura S, Kumamaru H, Shoji S, Nakatani E, 
Yamamoto H, Ichihara N, Miyachi Y, Sandhu AT, 
Heidenreich PA, Yamauchi K, Watanabe M, Miyata 
H, Kohsaka S: Assessment of coding-based frailty al-
gorithms for long-term outcome prediction among 
older people in community settings: a cohort study 
from the Shizuoka Kokuho Database. Age Age-
ing 2022;51:afac009. https://doi.org/10.1093/ageing/
afac009, PMID:35231096

 28. Ministry of Health, Labour and Welfare: Outline of FY 
2016 revision of medical fee. 2016. https://www.mhlw.
go.jp/stf/seisakunitsuite/bunya/0000106421.html. Ac-
cessed 26 July 2023. 

 29. Shindo Y, Sato S, Maruyama E, Ohashi T, Ogawa 
M, Hashimoto N, Imaizumi K, Sato T, Hasegawa Y: 
Health-care-associated pneumonia among hospital-
ized patients in a Japanese community hospital. 
Chest 2009;135:633–640. https://doi.org/10.1378/
chest.08-1357, PMID:19017892

 30. Newsome JT, Jones RN, Hofer SM (editors). Longitu-
dinal data analysis: a practical guide for researchers in 
aging, health, and social sciences. Routledge; 2012.

 31. Hernández-Díaz S, Wilcox AJ, Schisterman EF, 
Hernán MA: From causal diagrams to birth weight-
specific curves of infant mortality. Eur J Epidemiol 
2008;23:163–166. https://doi.org/10.1007/s10654-007-
9220-4, PMID:18224448

 32. Stekhoven DJ, Bühlmann P: MissForest—non-
parametric missing value imputation for mixed-type 
data. Bioinformatics 2012;28:112–118. https://doi.
org/10.1093/bioinformatics/btr597, PMID:22039212

 33. Schomaker M, Luque-Fernandez MA, Leroy V, Davies 
MA: Using longitudinal targeted maximum likeli-
hood estimation in complex settings with dynamic 
interventions. Stat Med 2019;38:4888–4911. https://doi.
org/10.1002/sim.8340, PMID:31436859

 34. van der Laan MJ, Polley EC, Hubbard AE: Super 
learner. Stat Appl Genet Mol Biol 2007;6:e25. https://
doi.org/10.2202/1544-6115.1309, PMID:17910531

 35. Gao C, Sun H, Wang T, Tang M, Bohnen NI, Müller 
ML, Herman T, Giladi N, Kalinin A, Spino C, Dauer W, 
Hausdorff JM, Dinov ID: Model-based and model-free 
machine learning techniques for diagnostic prediction 
and classification of clinical outcomes in Parkinson’s 
disease. Sci Rep 2018;8:7129. https://doi.org/10.1038/
s41598-018-24783-4, PMID:29740058

Prog. Rehabil. Med. 2023; Vol.8, 20230033 13

https://doi.org/10.1093/aje/kww165
https://doi.org/10.1093/aje/kww165
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27941068?dopt=Abstract
https://doi.org/10.7223/apjdm.7.19
https://doi.org/10.1016/j.sapharm.2016.11.002
https://doi.org/10.1016/j.sapharm.2016.11.002
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27888091?dopt=Abstract
https://doi.org/10.1136/bmjopen-2016-011060
https://doi.org/10.1136/bmjopen-2016-011060
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27354072?dopt=Abstract
https://doi.org/10.1016/j.jamda.2018.09.033
https://doi.org/10.1016/j.jamda.2018.09.033
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30448338?dopt=Abstract
https://doi.org/10.1016/S0140-6736(18)30668-8
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29706364?dopt=Abstract
https://doi.org/10.1016/S0140-6736(03)15268-3
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14726171?dopt=Abstract
https://doi.org/10.1093/ageing/afac009
https://doi.org/10.1093/ageing/afac009
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35231096?dopt=Abstract
https://www.mhlw.go.jp/stf/seisakunitsuite/bunya/0000106421.html.
https://www.mhlw.go.jp/stf/seisakunitsuite/bunya/0000106421.html.
https://doi.org/10.1378/chest.08-1357
https://doi.org/10.1378/chest.08-1357
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19017892?dopt=Abstract
https://doi.org/10.1007/s10654-007-9220-4
https://doi.org/10.1007/s10654-007-9220-4
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18224448?dopt=Abstract
https://doi.org/10.1093/bioinformatics/btr597
https://doi.org/10.1093/bioinformatics/btr597
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22039212?dopt=Abstract
https://doi.org/10.1002/sim.8340
https://doi.org/10.1002/sim.8340
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31436859?dopt=Abstract
https://doi.org/10.2202/1544-6115.1309
https://doi.org/10.2202/1544-6115.1309
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17910531?dopt=Abstract
https://doi.org/10.1038/s41598-018-24783-4
https://doi.org/10.1038/s41598-018-24783-4
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29740058?dopt=Abstract


Copyright © 2023 The Japanese Association of Rehabilitation Medicine

 36. Cooray U, Tsakos G, Heilmann A, Watt RG, Takeu-
chi K, Kondo K, Osaka K, Aida J: Impact of teeth 
on social participation: modified treatment policy 
approach. J Dent Res 2023;102:887–894. https://doi.
org/10.1177/00220345231164106, PMID:37085984

 37. Ueki J, Kozu R, Ohdaira T, Katsura H, Kurosawa H, 
Ando M, Sano Y, Sano E, Ishikawa A, Takahashi H, 
Kitagawa C, Tanaki A, Sekikawa K, Yoshikawa M, 
Tsuda T: Statement on respiratory rehabilitation [in 
Japanese]. J Jpn Soc Respir Care Rehabil 2018;27:95–
114. 

 38. Bolton CE, Bevan-Smith EF, Blakey JD, Crowe P, 
Elkin SL, Garrod R, Greening NJ, Heslop K, Hull JH, 
Man WD, Morgan MD, Proud D, Roberts CM, Sewell 
L, Singh SJ, Walker PP, Walmsley S, British Thoracic 
Society Pulmonary Rehabilitation Guideline Develop-
ment Group, British Thoracic Society Standards of 
Care Committee: British Thoracic Society guideline on 
pulmonary rehabilitation in adults. Thorax 2013;68:ii1–
ii30. https://doi.org/10.1136/thoraxjnl-2013-203808, 
PMID:23880483

 39. Alison JA, McKeough ZJ, Johnston K, McNamara 
RJ, Spencer LM, Jenkins SC, Hill CJ, McDonald VM, 
Frith P, Cafarella P, Brooke M, Cameron-Tucker HL, 
Candy S, Cecins N, Chan AS, Dale MT, Dowman 
LM, Granger C, Halloran S, Jung P, Lee AL, Leung 
R, Matulick T, Osadnik C, Roberts M, Walsh J, Woot-
ton S, Holland AE, Lung Foundation Australia and 
the Thoracic Society of Australia and New Zealand: 
Australian and New Zealand pulmonary rehabilitation 
guidelines. Respirology 2017;22:800–819. https://doi.
org/10.1111/resp.13025, PMID:28339144

 40. Freburger JK, Chou A, Euloth T, Matcho B: Varia-
tion in acute care rehabilitation and 30-day hospital 
readmission or mortality in adult patients with 
pneumonia. JAMA Netw Open 2020;3:e2012979. 
https://doi.org/10.1001/jamanetworkopen.2020.12979, 
PMID:32886119

 41. Maddocks M, Kon SS, Singh SJ, Man WD: Reha-
bilitation following hospitalization in patients with 
COPD: can it reduce readmissions? Respirology 
2015;20:395–404. https://doi.org/10.1111/resp.12454, 
PMID:25529496

14 Ikeda T, et al: Rehab for Pneumonia Patients with Down’s Syndrome

https://doi.org/10.1177/00220345231164106
https://doi.org/10.1177/00220345231164106
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37085984?dopt=Abstract
https://doi.org/10.1136/thoraxjnl-2013-203808
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23880483?dopt=Abstract
https://doi.org/10.1111/resp.13025
https://doi.org/10.1111/resp.13025
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28339144?dopt=Abstract
https://doi.org/10.1001/jamanetworkopen.2020.12979
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32886119?dopt=Abstract
https://doi.org/10.1111/resp.12454
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25529496?dopt=Abstract

