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Objective: Hospital-outreach pulmonary rehabilitation (PR) can improve health status and
reduce health-care utilization by patients with chronic obstructive pulmonary disease
(COPD). However, its long-term effects and costs versus benefits are still not clear. This
study was conducted to develop, deliver, and evaluate the effects and monetary savings of
a hospital-outreach PR program for patients with COPD.

Methods: A randomized controlled trial was conducted. Patients with COPD (n=208)
were randomly assigned to the hospital-outreach PR program (treatment) or treatment as
usual (control). The treatment group received a 3-month intensive intervention, including
supervised physical exercise, smoking cessation, self-management education, and psy-
chosocial support, followed by long-term access to a nurse through telephone follow-up
and home visits up to 24 months. The control group received routine care, including
discharge education and a self-management education brochure. Main outcomes were
collected at 3, 6, 12, and 24 -months postrandomization. Primary outcomes included
health-care utilization (ie, readmission rates, times, and days, and emergency department
visits) and medical costs. Secondary outcomes included lung function (ie, FEV,, FEV %
predicted, FVC), dyspnea (mMCR), exercise capacity (6MWD), impact on quality of life
(CAT), and self-management (CSMS).

Results: At the end of 24 months, 85 (81.7%) in the treatment group and 89 (85.6%) in
the control group had completed the whole program. Compared with the control group,
patients in the treatment group had lower readmission rates, times, and days at 6 and
12 months and during 12-24 months. Regarding costs during the 2 years, the program
achieved CN¥3,655.94 medical savings per patient per year, and every ¥1 spent on the
to ¥3.29
improvements in FEV |, FEV % predicted, exercise capacity, and self-management. It

program led insavings. Patients in the treatment group achieved
also achieved relief of dyspnea symptoms and improvement in COPD’s impact on
quality of life.

with  COPD

achieved reductions in health-care utilization, monetary savings, and improvements in patient

Conclusion: The hospital-outreach PR  program for patients
health outcomes. The effects of the program were sustained for at least 2 years.

Trial Registration: This trial was registered at the Chinese Clinical Trial Registry
(ChiCTR-TRC-14005108).

Keywords: chronic obstructive pulmonary disease, savings, effects, hospital-outreach

intervention, pulmonary rehabilitation
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Introduction
Chronic obstructive pulmonary disease (COPD) is
a progressive and debilitating respiratory condition that
leads to significant burden. It is the only chronic disease
with continuously increasing morbidity and mortality
rates.! The World Health Organization predicts COPD to
be the third-leading cause of death worldwide by 2030.>
China has the largest population of patients with COPD in
the world: around 99 million people, with prevalence of
8.6%. It accounts for >0.9 million death every year.>"*
Prevention of readmission is critical for patients with
COPD. Around one in five patients with COPD discharged
from hospital are rehospitalized within 30 days®’ and around
a third readmitted within 90 days after discharge. Admission
costs are major drivers of medical costs, accounting for 40%—
70% of the total.® In China, the median annual direct cost of
patients with COPD accounts for about a third of annual
income.”'® Readmission of a patient means exacerbation of
his/her COPD, which is a signal of the beginning of the term-
inal phase of illness and is associated with a significant
decline in quality of life and chances of survival."'
Hospital-outreach intervention is an effective approach to
prevent readmission of patients with chronic diseases.'** It
is the outreach of health-care services from hospital to com-
munity and family, with the formation of integration among
hospital, community, and family making services continuous
among different health-care settings and keeping consistent
with the patient’s needs.'>'® Outreach services take various
and flexible approaches, such as telephone follow-up, and

home visits shortly after discharge,'”'® health education,'®'”

support for self-management,”**!

training in exacerbation
monitoring and recognition,'® and improvement in access
to health-care services.'>*? 2 It has been found that hospital-
outreach intervention achieves chronic symptom relief,
improvement in self-management, and decreased readmis-
sions and emergency department (ED) visits.

Pulmonary rehabilitation (PR) is recommended for
most patients with COPD. It benefits patients with differ-
ent COPD severity, especially those with moderate—severe
COPD."" PR comes under the concept of integrated care,
constructed and implemented by multidisciplinary team
members, and highlights the importance of behavior
changes.”>*> A PR program includes exercise as a key
component, and includes patient assessments, education,
psychological support, and nutritional counseling.>*** PR
has robust effectiveness in improving health-related qual-

ity of life and enhancing exercise capacity.?>~°

Although China has a large population of patients with
COPD, patients receive health care mostly in the hospital,
but with a lack of follow-up services after discharge.
Currently existing hospital-outreach intervention typically
includes telephone follow-up and home visits.””*® Most
program focus only on medication taking, nutrition manage-
ment, and health education. It is of great necessity to develop
and implement a hospital-outreach model and content.

In addition, despite the strong recommendation of hospital-
outreach and PR programs, there are still issues that need to be
resolved. First, previous studies have not offered much eco-
nomic evaluation of hospital-outreach intervention or PR.
Second, most studies have focused on the effects of short-
term programs (eg, 6—8 weeks or 3 months), and the long-term
effects of programs remain unclear. The objectives of this
study were to develop, deliver, and evaluate of effects and
medical monetary savings of a hospital-outreach PR program
among patients with COPD after discharge from hospital to
home.

Methods
Study Design and Setting

A randomized controlled trial was conducted. Participants
(n=208) were recruited from a tertiary hospital in Zunyi,
China. This hospital has a capacity >3,000 beds. It pro-
vides medical services to >6 million people residing in
urban and rural areas.

Participants

Inclusion and Exclusion Criteria

Inclusion criteria were age >40 years old, diagnosis of COPD
according to GOLD guideline (FEV,/FVC <0.7 after use of
bronchodilator), including COPD stage 2 (moderate, FEV,
<50%—-80% predicted), 3 (severe, FEV; <30%—<50% pre-
dicted), or 4 (very severe, FEV;| <30% predicted),hospitalized
at least once due to COPD exacerbation during the last
12 months, and not intending to move to another city within
the next 2 years. Exclusion criteria were unable to provide
accurate information or follow instructions, unable to walk
even during periods of COPD, and currently involved in
another program.

Recruitment

Patients were recruited between August 2014 and
January 2016. Potentially eligible patients were identified
through review of electronic medical records in the hospi-
tal information system. Physicians in the respiratory ward
were also asked to identify COPD patients. All potentially
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eligible patients were then asked about their willingness to
take part. Thereafter, the program’s aims, interventions,
and significance were explained to patients who
had expressed interest in participating. Once patient had
been identified as fulfilling the inclusion criteria, written

informed consent was signed and baseline data collected.

Randomization and Masking

Block randomization was used. Subjects were randomized
after consent and collection of baseline data. Every two
patients with the same level of COPD severity were allo-
cated into one block according to their admission dates. In
each block, the two patients were further allocated into
treatment and control groups randomly based on allocation
sequence. The sequence was generated by the statistical
staff and released to the interventionist on a case-by-case
basis, so recruitment staff had no access to the randomiza-
tion. Patients were informed of the results of randomiza-
The
intervention schedule was explained to patients and any

tion in person or by phone after discharge.

additional questions answered.

This was a single-blind trial. Given the nature of the
intervention, blinding the subjects was not feasible, and the
interventionist would also know that those contacted were in
the intervention arm. The statistician was blinded to indivi-
dual results during the trial, and the allocation-to-trial-arm
coding was not revealed until the data set had been sealed.
For outcome assessment, the assessor was also blinded to
subject allocation. The study was approved by the
Institutional Review Board of the Third Xiangya Hospital
of Central South University (2014/S159) and the Affiliated
Hospital of Zunyi Medical College (2014/s14). This trial was
conducted in accordance with the Declaration of Helsinki.

Sample Size

Sample size was calculated by power analysis with NCSS
PASS software. One intervention group and one control
group of equal size and two-tailed hypothesis testing was
assumed. The power was set >0.8, with a=0.05. According
to the literature review, self-reported health status is inde-
pendently associated with COPD hospitalizations.*’
Patient’s self-reported health status as fair/poor had dele-
terious effect (OR 1.57, 95% CI 1.10-2.23). For patients
with no hospitalization in the previous 12 months, the
proportion reporting health status as fair/poor was 10.8%,
and for patients with at least one hospitalization, the pro-
portion reporting health status as fair/poor was 26.7%.%°
The calculated sample size was 92 for each group.

Considering an attrition rate of 20%, the final sample
size decided upon was 220.

Procedures

Hospital-Outreach Pulmonary Rehabilitation

The program was developed under the combination frame-
work of PR and hospital-outreach intervention. Firstly,
a literature review was conducted according to the ratio-
nale of GOLD 2013, other guidelines, and related clinical

3036 and four main elements of the program were

trials,
exercise, smoking cessation, self-management training,
and psychosocial support. Secondly, an expert panel (13
professionals, including nurses with hospital-outreach
intervention experience, respiratory physicians, rehabilita-
tion physicians, and nutritionists) consultation was con-
ducted for details of the protocol. Delivery of the program

included two phases, as follows.

Three-Month Intensive Intervention

Firstly, a 3-month intensive intervention was conducted at the
rehabilitation center in the hospital. This consisted of four
main components. Details of the intervention (content, fre-
quency, and interventionist) are presented in Table 1. The first
comprised supervised physical exercise, including upper-limb
strength training, lower-limb endurance training, and modified
six-form tai chi. The modified tai chi was simplified from the
traditional 24-form tai chi. The six-form version not only
retains the essence of “breathing control” of traditional tai
chi but also fully exercised balance and flexibility of the body.
It is also simple and suitable for patients to grasp and exercise
at home. Effects of this modified tai chi among patients with
COPD have been proved.’” Exercise was supervised by
a physiotherapist, tai chi mentor, and respiratory nurse,
and included training in using equipment, grasping tai chi,
and safety monitoring. During each exercise, participants'
heart rate, SpO,, and symptoms of dyspnea were monitored.
Oxygen supplementation was provided if SpO2 went
<90%, and exercise would be stopped immediately if there
were any chest pain, cardiac arrhythmia, dizziness, or nausea.
The second component was smoking-cessation intervention
for current smokers. To assess the degree of tobacco depen-
dence of smokers, the Fagerstrom Test for Nicotine
Dependence was used. Interventions combined group sessions
of cessation education with individualized counseling.
Motivation interviews and smoking-cessation drug-use gui-
dance were used for individualized counseling for patients
with strong tobacco dependence. The third component com-
education, implemented by

prised  self-management
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Table | Contents of the 3-Month Intensive Intervention

Content

Frequency

Interventionist

Physical exercise*

Upper-limb exercise: elastic band-resistance exercise and breathe
training

Lower-limb exercise: bicycle ergometer, treadmill

Twice aweek for
40-55
minutes each time

Physiotherapist
Tai chi mentor

Respiratory

Modified tai chi exercise

nurse

Smoking cessation Group and individual intervention

Two sessions Psychologist
Respiratory

nurse

Self-management COPD knowledge

Every 2 weeks Physician

Education on emotional coping strategies

education Physical exercise at home Respiratory
Symptom management nurse
Medication-taking instruction and adherence Nutritionist
Lifestyle change
Nutrition support
Long-term oxygen therapy

Psychosocial support Group activity to facilitate communication among patients Two sessions Psychologist

Respiratory

nurse

Notes: *Exercise intensity based on target heart rate (65%—75% [220 — age]) and BORG fatigue scale. During each supervised training, participants' heart rate, SPO?, and
symptoms of dyspnea were monitored. Oxygen supplementation would be provided if SPO? fell below 90%, and exercise would be stopped immediately if there were any
chest pain, cardiac arrhythmia, dizziness, or nausea, or if participants couldnot continue due to fatigue or shortness of breath.

multidisciplinary professionals with group sessions and indi-
vidualized counseling, and the fourth psychosocial support
sessions, with group activities to promote peer communica-

tion, and coping strategies.

Follow-up

After the intensive intervention, long-term follow-up was
provided by a respiratory nurse. Its rationale was based on
hospital-outreach intervention programs that aim at realiza-
tion of continuous care among hospital, community, and
home. Each patient received an individualized home-
exercise prescription. Although home exercise was not
supervised by professionals, each patient got an exercise
diary to record daily exercise, including patterns, length of
time, and symptoms during exercise. Periodical telephone
follow-up (once every 1-2 weeks) and home visits (once
every 1-3 months) was provided. During every telephone or
home-visit follow-up, home-exercise adherence, symptom
changes, medication adherence, and smoking adherence
were recorded by the nurse. Instructions were given to the
patient based on the diaries and records, and reminders of
necessary outpatient follow-up were given to patients who
may suffer deterioration of COPD or need medication pre-
scription. For follow-up frequency, previous studies and
health status were taken into consideration. If telephone

follow-up showed the patient’s exercise or medication adher-
ence was not ideal or his/her health status was not good,
home-visiting frequency would be increased. Follow-up was
aimed at permanent access to a nurse. For this study, pro-
gram completion was defined as completion of the 3-month
intensive intervention and completing follow-up for

24 months after allocation.

Treatment as Usual

Patients in the control group received usual care: discharge
education about self-management, exercise training, medi-
cation, and seeking health care when necessary. Each
patient in this group got a pamphlet addressing self-
management of COPD, including symptom recognization,
smoking cessation, physical exercise, medication use, oxy-
gen therapy, and nutrition. Contact information was printed
in the pamphlet for a health-counseling service. Besides the
intervention and usual care, both groups received prescrip-
tions from physicians according to individual disease status.

Outcome Measures

Outcome measures included patient health-care utilization,
medical costs, and health outcomes. Participants were assessed
at five time points: baseline (before randomization) and at 3, 6,
12, 24 months postrandomization. The primary outcomes was
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health-care utilization, costs which were collected through the
hospital information system, follow-up records, and patients’
reports. Records and recipients were used for verification.
Although this may not be the perfect method, we did our
best to ensure cost information was accurate. Health-care
utilization included readmission rates, times, and days and
ED-visit times. For economic evaluations, medical costs,
including patients' out-of-pocket costs and those paid by
health-service reimbursement, were assessed as accumulation
of inpatient costs, ED-visit costs, and outpatient costs (ie,
outpatient visitcosts and medication costs). Chinese yuan
were converted into US dollars for better comparison with
other studies. Collection of medical costs was from 2014 to
2018, so the currency exchange rate was based on the average
exchange rate of those 5 years.>® The rates were from the
National Bureau of Statistics of China . (US$1 = CN¥6.48)
Program intervention costs included intensive intervention
costs and follow-up costs. Details of intervention-cost ele-
ments and unit costs are displayed in Table 2.

Secondary outcomes were as follows. Lung-function

indicators — forced expiratory volume in 1 second
(FEV,), forced vital capacity (FVC), and predicted per-
centage of FEV; — were calculated. Indicators were

measured by spirometry.®”*® Symptoms of dyspnea were
measured with the modified Medical Research Council
(mMRC) dyspnea scale.*' This has a range of 0—4, with
higher scores representing worse symptoms. Exercise

Table 2 Unit Cost Schema for Hospital-Outreach PR Intervention

Cost Elements Unit Cost
3-month intensive intervention
Physical exercise CN¥40/session
Educational session ¥20/session
Smoking cessation session ¥20/session
Psychosocial support session ¥20/session

transport® Individualized

Follow-up after intensive intervention

capacity was assessed by 6-minute walking distance.
This test measures the distance a patient can walk quickly
on a flat, hard surface in 6 minutes. Participants were
given two chances at each assessment, and the longer
distance was recorded. Quality of life was measured with
the COPD Assessment Test.*> This has a range of 0-40,
with higher scores indicating more negative well-being.
Self-management was measured with the COPD Self-
Management Scale developed by Zhang et al.*> This
comprises five dimensions: symptom management, daily
life management, emotion management, information man-
agement, and self-efficacy. It has a range of 51-255,
with higher scores indicating higher levels of self-
management.

Statistical Analysis

For description of demographic characteristics,
means + SD/medians (IQR), frequencies, and percentages-
were used. For equivalence between two groups at base-
Student’s f-test,

ANOVA were used for continuous variables and y* for

line, Wilcoxon’s rank-sum test, or
categorical variables. To examine differences in health-
care utilization, medical costs, and health outcomes
between the groups for readmission rates, x> was used.
For other results, a generalized estimated equation was
used for comparisons between the groups at different
time points and periods. p<0.05 was considered statisti-
cally significant. Net benefits like medical monetary sav-
ings, reductions in health-care utilization, can be expressed
thus:  yi=PotP1+P,T+P3IT+e, where y is net benefit
and I intervention: =0 means without intervention and
I=1 with intervention. T stands for before/after interven-
tion: T=0 means before intervention and T=1 after inter-
vention. Net benefit (B3: interaction coefficient of group
and time in the generalized estimated equation) is calcu-
lated in Table 3.

Telephone
Communication cost ¥0.19/minute Table 3 Calculation of the net benefits
Human -esource cost® ¥40/hour
Before After Difference
Home visits intervention | intervention based on
Human-resource cost® ¥40/hour time
transport® Individualized )
Intervention group BotPite BotBitPatPste | Ayu=Ba+Ps
Notes: “Transport cost for the intensive intervention included that for physical (I=1, T=0) (=1, T=1)
exercise, since education sessions and cessation sessions were conducted after
exercise; transport costs for follow-up were costs of a respiratory nurse for Usual-care group Bote Bot+Pa+Pste Ayo=Pp2
home v-isits.b Transport costs were calculated by a?tual individualized cost (I=0, T=0) (I=0, T=1)
per session. “Average annual salary for health-care providers for 2014-2016 was
56 0 .
¥8,4?I, 8 hours' workper day, 258 days annually (except holidays). Cost of health Difference based on group | Ayii=B Avo=P1+Bs Ady=ps
providers was ¥40 per hour.
International Journal of Chronic Obstructive Pulmonary Disease 2020:15 submit your manuscript 1075
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Results

Participants

At the end of the second year, among the 208 participants,
85 (81.7%) participants in the treatment group and 89
(85.6%) in the control group had completed the program
(Figure 1). Participants’ mean age was 65.9347.31 years,
with mean length of COPD diagnosis 7.21+4.65 years.
Baseline characteristics of the two groups are presented in

Table 4 (health-care utilization and costs stand for accumu-
lative utilization and costs during the last 12 months before
randomization). All group characteristics, except for ED
visit costs, reached equivalence. Medication taking for
both groups at baseline are displayed in Table 5. No sig-
nificant differences were found between the groups. During
the intensive intervention period, participant attendance for

exercise was 20.72+8.07 and mean completion of education

(n=702)

Accessed for eligibility

Excluded (n=494)

» Not meeting inclusion criteria (n=395)

¢ Declined to participate (n=81)

Randomized (n=208)

e Lack of time to participate (n=18)

v Allocation v
Allocated to intervention Allocated to usual care
(n=104) (n=104)

X Foll -5
Completed 3-month ollow-up Completed 3-month
assessments (n=92) assessments (n=97)
o Lack of ability to do * Died (n=1)

physical exercise (n=7) » Lack of ability to do
o lack of interest to physma[ exercise (0=2)
participante (n=5) . Lacll< Pf interest to
participate (n=4)

\4 Y
assessments (n=90) assessments (n=95)
* Died (n=1) « Died (n=1)

+ Mowe to another CltV (n=1) e Lack of interest to
participate (n=1)
v
Completed 12-month Completed 12-month
assessments (n:89) assessments (n=92)
* Mo to another city (n=1) * Died (n=1)
o Lack of interest to
participate (n=1)
o Lost follow-up (n=1)

\4
Completed 24-month Completed 24-month
assessments (n=85) assessments (n=89)
o Lost follow-up (n=2) o Lost follow-up (n=1)
o Lack of interest to » Movwe to another city (n=1)

participate (n=2) ¢ Lack of interest to
participate (n=1)
Analysis

» Involved into analysis (n=174) i«

Figure | Participant flowchart.
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Table 4 Baseline Characteristics of Participants (n=174)

Control Intervention
Sex
Male, n (%) 67 (75.3) 65 (76.5)
Female, n (%) 22 (24.7) 20 (23.5)
Age, years 66.31£7.91 65.53+6.64
Education
Primary or lower, n (%) 33 (37.1) 29 (34.1)
Middle school, n (%) 36 (40.4) 34 (40.0)
High school or higher, n (%) 22 (25.9) 20 (22.5)
Smoking Status
Current smoker, n (%) 20 (22.5) 20 (23.5)
Ex-smoker, n (%) 35 (39.3) 39 (45.9)
Nonsmoker, n (%) 34 (38.2) 26 (30.6)
COPD length (years) 6.97+4.23 7.46+5.03
Stage of COPD
2 30 33
3 36 36
4 20 19
Comorbidities
None 16 15
-2 48 48
3 or above 25 22
mMRC 2.21+0.67 2.05+0.63
CAT 23.96+3.58 24.05+3.82
6MWD 382.49+42.27 372.55+41.57
FEV, 1.15+0.47 1.29+0.44
FvC 1.82+0.56 1.89+0.57
FEV,% predicted 44.05£12.71 46.37+10.69
Self-management 125.81+16,967.54 122.92420.34
Admission times 2 (1-2) 2 (1-2)
Admission days 16 (11-24) 16 (11-22.5)
ED visits 0 (0-2) I (0-2)
Admission costs 12,897.50 (9,953.00-20,020.43) 11,585.50 (8,347.25-20,930.50)
ED-visit costs 0 (0-723.50) 524.00 (0-928.00)
Outpatient costs 700.00 (178.95-1,816.55) 673.90 (200.00-1,858.00)
Total medical costs 15,162.00 (10,297.36-22,183.10) 14,106.54 (9,475.00-23,269.05)

sessions 3.78+1.61. Time of telephone follow-up was 21.06
+2.78 and that of home visits 4.64+3.04.

Effects on Health-Care Utilization

Compared with the control group, lower admission rates
were found in the treatment group at 6 (36.5% vs 53.9%,
p=0.021), 12 (55.3% vs 80.9%, p<0.001), and 12-24
months (51.8% vs 77.5%, p<0.001; Table 6). No significant
group differences were found at 3 months (11.8% vs 20.2%,
p=0.129). For readmission times and days, similar trends
were found, with lower times and days at 6, 12, and 12-24

months, with no statistical difference at 3 months (Table 6).
Table 8 shows reductions in health-care utilization between
the groups during different periods. During the first year,
compared with the control group, reduction in readmission
time was 0.61 (95% CI —1.03 to —0.18), reduction in
readmission days 7.21 (95% CI —11.5 to —2.92), and reduc-
tion in ED-visit time 0.81 (95% CI —1.33 to —0.28). During
the second year, reductions in these three indicators were
0.65 (95% CI —1.07 to —0.23), 6.56 (95% CI —11.20 to
—1.93), and 0.55 (95% CI —1.15 to 0.04), respectively.

During the first 2 years, reductions in the three indicators
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Table 5 Medication-Taking Comparisons Between the Groups

Control
(n=104)

Intervention
(n=104)

Pharmacological therapy

Inhaled 37 (35.6%) 29 (27.9%)
Oral 47 (45.2%) 46 (44.2%)
Inhaled + oral 3 (2.9%) 5 (4.8%)
None 27 (16.3%) 24 (23.1%)
Nonpharmacological
therapy
Long-term oxygen 9 (8.7%) 16 (15.4%)

therapy (LTOT)

Exercise 45 (43.3%) 55 (52.9%)
LTOT + exercise 19 (18.3%) 5 (4.8%)
None 31 (29.8%) 28 (26.9%)

Table 6 Health-Care Utilization of Patients Participating in
Hospital-Outreach PR Versus Usual Care (n=174)

Intervention | Control Ziy?

(n=85) (n=89)
Admission rates, n (%)
12 months before intervention 85 (100%) 89 (100%)
3 months 10 (11.8%) 18 (20.2%) | 2.305
6 months 31 (36.5%) 48 (53.9%) | 5.348*
12 months 47 (55.3%) 72 (80.9%) 13.185%+*
12-24 months 44 (51.8%) 69 (77.5%) 12.675%+
Admission times, median
(IQR)
12 months before intervention 2 (1-2) 2 (1-2) —0.08
3 months 0 (0-1) 0 (0-0) 1.59
6 months 0 (0-1) 1 (0-1) 2.57*
12 months 1 (0-2) 2 (1-2.5) 3.26**
12-24 months 1 (0-2) 1 (1-2) 3.25%*
Admission days,
median (IQR)
12 months before intervention 16 (11-22) 16 (11-24) | 0.52
3 months 0 (0-0) 0 (0-0) 1.64
6 months 0 (0-9) 8 (0-12) 2.85%*
12 months 8 (0-20) 17 (8.5-31) | 4.30%
12-24 months 7 (0-13) 13 (7-22) 4.39%k*
ED-visit times, median (IQR)
12 months before intervention 1 (0-2) 0 (0-2) —-1.89
3 months 0 (0-0) 0 (0-0) 128
6 months 0 (0-1) 0 (0-1) 1.04
12 months 0 (0-2) 1 (0-2) 3.1 4%
12-24 months 1 (0-2) 1 (0-2) 0.55

Notes: *p<0.05; *#p<0.01; **p<0.001.

per patient per year were 0.63 (95% CI —0.97 to —0.28),
6.97 (95% CI —10.61 to —0.28), and 0.68 (95% CI —1.17 to
—0.19), respectively.

Monetary Savings of Hospital-Outreach
PR Program

Table 7 shows that total medical costs of the treatment group
were lower than the control group: first year — ¥10,370.00/
$1,601.17 (IQR ¥2,354.70-¥27,410.50/$363.58-$4,232.30)
vs ¥14,736.51/$2,275.38 (IQR ¥10,837.20-¥27,410.50/
$1,673.31-$4,232.30), p=0.001; second year — ¥8,049.00/
$1,242.80 (IQR ¥2,669.00—¥16,595.00/$412.11-$2,562.34)
vs  ¥12,941.00/$1,998.15 (IQR ¥8,159.95-¥17,834.92/
$1,259.93-$2,753.79), p=0.020.

Table 8 shows medical monetary savings during differ-
ent periods between the groups. During the first year, com-
pared with the control group, the treatment group achieved
savings of ¥4,927.94/$760.90 (95% CI -9,265.93 to
—589.95) per patient per year. During the second year,
savings were ¥1,418.05/$218.95 (95% CI —5,297.64,
to 2,936.11). For the first 2 years, the program achieved
¥3,655.94/$564.49 (95% CI —7,462.39 to 150.50) savings
per patient per year.

The ratios are based on savings/reductions in health-care
utilization and intervention costs, savings for every ¥1 spent
on the program, and the amount of money spent on the
program to a achieve one-unit decrease inhealth-care utiliza-
tion. Individualized intervention costs during the first year
were ¥1,820.65/$281.12 (95% CI ¥1,745.45-¥1,895.84) per
patient per year, and every ¥l spent on the program
achieved ¥2.71/$0.42 savings. Intervention costs during
the second year were ¥398.60/$61.55 (95% CI ¥346.34—
¥450.87), and every ¥1 spent on the program led to ¥3.56
savings. During the first 2 years, intervention costs were
¥1,109.63/$171.33 (95% CI ¥992.53-¥1,226.72) per patient
per year, and every ¥1 spent on the program achieved ¥3.29
savings. Every ¥1,775.40/$237.98 spent on the program
achieved one admission prevention.

Effects on Health Outcomes of the

Program

Table 9 shows the measure scores for health outcomes of
the groups. Table 10 shows net benefits of health-outcome
indicators. Except for FVC, all outcomes showed improve-
ments in the treatment group compared with the control
group at the four time points (all p<0.05). Outcomes for
the mMRC scale, COPD Assessment Test, and self-
management achieved continuous improvements in the
treatment group during the first 6 months, and slight reduc-
tions were found afterward. The lung-function indicators
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Table 7 Costs of Different Groups at Different Times (n=174)
Intervention Control z
Total medical costs, median (IQR)
Baseline 14,106.54 (9,475.00-23,269.05) 15,162.00 (10,297.36-22,183.10) 0.778
12 months 10,370.00 (2,354.70-27,410.50) 14,736.51 (10,837.20-27,410.50) 3.476%*
12-24 months 8049.00 (2,669.00-16,595.20) 12,941.00 (8,159.95-17,834.92) 2.327%
Inpatient costs, median (IQR)
Baseline 11,585.50 (8,347.25-20,930.50) 12,897.50 (9,953.00-20,020.43) 0917
12 months 8,392.50 (0-12,905.25) 12,122.50 (8,696.73-26,235.42) 4.245%¥*
12-24 months 1,372.60 (0-11,902.60) 10,600.20 (5,137.35-14,930.02) 3.617%
ED-visit costs, median (IQR)
Baseline 524.00 (0-928.00) 0 (0-723.50) —2.082*
12 months 0 (0-585.70) 490.00 (0-998.50) 3.067%
12-24 months 422.50 (0-1,179.50) 567.00 (0-1,455.50) 0.945
Outpatient costs, median (IQR)
Baseline 673.90 (200.00-1,858.00) 700.00 (178.95-1,816.55) —0.05
12 months 2,089.00 (1,259.20-2,790.00) 1,250.00 (583.50-1,909.00) —4.67%¢
12-24 months 1,979.00 (922.30-3,837.55) 717.50 (422.00-1,163.00) —6.57%F*

Notes: *p<0.05; *¥p<0.01; **p<0.001.

Table 8 Changes to Health-Care Utilization and Costs in Hospital-Outreach PR Program Compared with Control Group (n=174)

First-Year Postintervention Second-Year Postintervention Per Two Years Postintervention Per Patient

Per Patient Per Year (95% CI) Patient Per Year (95% CI) Per Year (95% CI)

Savings Ratio Savings Ratio | Savings Ratio
Total medical cost | —4,927.94 (—9,265.93 to —589.95)* | 2.71 —1,418.05 (-5,722.20 to 2,936.11) | 3.56 —3,655.94 (—7,462.39 to 150.50) 3.29
Inpatient cost —5,332.275 (-9,597.60 to —1,066.95)* | 2.93 —2,478.67 (—6,638.91 to 1,681.58) | 6.22 —4,296.45 (—8,008.77 to —584.14)* | 3.87
ED visit cost —465.30 (—801.13 to —129.48)** 0.26 —524.40 (—904.68 to —144.12)** 1.42 —494.67 (—815.60 to —173.73)** 0.45
Outpatient cost 869.64 (390.18- 1,349.09)*+* 0.48 1,585.02 (952.98- 2,217.07)*** 3.98 1,124.08 (654.43— 593.72)*** 1.01
Admission times —0.61%* (—=1.03 to —0.18) 3,009.34 | —0.65 (—1.07 to —0.23)** 614.18 | —0.63 (-0.97 to —0.28)** 1,775.40
Admission days =721 (=11.50 to —2.92)** 252.59 —6.56 (—11.20 to —1.93)** 60.73 —6.97 (—10.61 to —0.28)*** 159.31
ED-visit times —0.81 (—1.33 to —0.28)** 2,258.87 | —0.55 (—1.15 to 0.04) 722,11 | —0.68 (—1.17 to —0.19)** 1,624.64

Notes: *p<0.05; *p<0.01; **p<0.001.

FEV, and FEV% predicted achieved continuous improve-
ments during the first 12 months, and slight reductions
were found during the second year.

Discussion

The findings of the study showed that our hospital-
outreach PR program for patients with COPD led to reduc-
tions in patient readmissions and ED visits, lower medical
costs, and improvements in health outcomes. The program
achieved a net saving of ¥3,655.94/$564.49 per patient
per year during the first 2 years, and every ¥1 spent on
the program achieved a saving of ¥3.29. Effects of the
program on health-care utilization were significant at
6 months and other time intervals, but group differences
were not statistically significant at 3 months, when the

intensive intervention had just been completed. Previous
studies with 8- to 12-week PR programs also showed no
4445 or hospital days*®
This that

although short-term effects of PR programs can be found

significant reductions in admission

immediately after intervention. indicates
in health outcomes, such as improvements in exercise
capacity and self-management, effects on health-care uti-
lization may not become significant until several months
later.

This hospital-outreach PR program also achieved
monetary savings. The main element contributing to the
savings came from decreased inpatient costs. Economic
evaluation results have differed among previous studies.
Differences in health-care systems among different coun-
tries interventions without

and differing (with or
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Table 9 Health-Outcome Scores of the Two Groups (n=174)

Intervention Control t
FEV,% predicted
Baseline 46.4+10.7 44.1x12.7 1.31
3 months 49.4+10.6 43.7132 313
6 months 49.4+10.3 42.5+12.5 3.96%
12 months 49.5+10.2 42.0+13.0 4.25%¢
24 months 48.310.1 40.5+11.8 4,67
FvC
Baseline 1.89+0.57 1.82+0.56 0.8l
3 months 1.91£0.51 1.80+0.57 1.36
6 months 1.98+0.48 1.77+0.52 2.77%
12 months 1.99+0.45 1.79+0.50 2.78%
24 months 1.96+0.46 1.80+0.48 2.12%
FEV,
Baseline 1.29+0.44 1.15+0.47 1.96
3 months 1.36+0.42 1.15+0.45 312
6 months 1.46+0.45 1.15+0.46 4.44*
12 months 1.46+0.47 1.15+0.40 4.7 [k
24 months 1.45+0.43 1.13+0.42 4827k
6MWD
Baseline 372.6+41.6 382.5+43.3 —-1.54
3 months 493.6£70.3 388.7+53.9 11,01
6 months 486.5+60.6 390.7+58.9 10.58%#*
12 months 474.8+ 52.8 389.1+60.8 9.90%**
24 months 458.7+51.0 390.3+58.5 8.2 |k
mMRC
Baseline 2.1£0.6 22407 —-1.69
3 months 1.3+0.6 2.0£0.7 —7.34%%x
6 months 1.2+0.4 2.0£0.7 —9.38%#*
[2months 1.3+0.5 2.0£0.8 —7.56%F*
24 months 1.5+0.6 2.1+0.8 —5.88%#*
CAT
Baseline 24.1+£3.8 24.0£3.6 0.16
3 months 18.7+3.5 22.5+3.5 —7.26%F*
6 months 17.8+3.5 22.1+4.6 —6.97%F*
12 months 17.5+4.0 22.0+£3.7 —7.80%%*
24 months 17.8+4.6 22.0+4.1 —6.66%F*
Self-management
Baseline 123.0+20.3 125.8+17.0 -1.02
3 months 171.7+24.2 136.1+21.0 10.36%%*
6 months 171.7+24.2 134.9+19.0 14.8 |
12 months 173.0£19.3 134.2+17.9 |3.75%%*
24 months 170.2+18.2 134.9+18.7 12.60%**

Notes: Independent-sample t-tests used. ¥p<0.05; *p<0.01; ***p<0.001.

maintenance program), duration (6—8 weeks, 3 months, 12
months, or 24 months), and doses (exercise frequency,
length of time per session) bring difficulties for compar-
isons, and findings also indicate that further studies

may need to explore content and doses of similar
programs. Our program was associated with greater out-
patient costs than usual care: an increase of ¥1,124.08/
$173.56 per patient per year during the 2 years.
A possible explanation for this increase may be increased
use of inhaled medications for symptom control. This
suggests that patient awareness of and adherence to med-
ication taking improved. However, this should be viewed
with caution, since we only got this from follow-up
records of patients' general medication adherence. More
details on prescribed medications and doses may be needed
in future studies.

During the second year, the effects of the program were
maintained, which means that its effects lasted for at least 24
months. Most previous studies evaluated short-term or med-
ium-term effects of PR of 3—12 months. This study adds
evidence of PR’s long-term effects. The maintenance
approach after intensive intervention may play an important
role in achieving long-term effects. Another study evaluated
effects of an 8-week PR program followed by a maintenance
phase with home exercise, evaluated by a chest physician or
nurse every 2—3 months, lasting 52 weeks, and reductions
were found in exacerbations and hospitalization times and
days during the year after PR.*” However, for programs
without a maintenance schedule, there were disparities in
PR’s effects on hospitalization.***’

The effects of the program on health outcomes were

similar to previous studies,?>*°

with improvements in exer-
cise tolerance, dyspnea, and self-management. There were
also interesting findings for FEV; and FEV%, two impor-
tant lung-function indicators where improvements were
found. COPD is usually characterized as a progressive
decline in lung function.>>' Many interventional studies
for COPD patients have not included lung-function indica-
tors. In this study, tai chi was used as an important part of
the exercise. In previous systematic reviews of traditional
Chinese exercise, including tai chi and gigong, for patients
with COPD, improvements were found in FEV; and FEV;
% predicted.”®>* Tai chi exercise requires coordination of
breathing and movement, strengthens respiratory muscles,
and reduces pulmonary residual volume.> In our program,
traditional 24-form tai chi was modified to a simple six-
form version, keeping the essence of breathing control,
taking patient exercise capacity into consideration, and
maintaing training in balance and flexibility. This simplified
tai chi is easy to grasp and adhere to. Its effects among
patients with COPD have been proved in our previous
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Table 10 Changes in Health Outcomes in Hospital-Outreach PR Program Compared with Usual Care (n=174)

B (95% CI),

3 months

B (95% CI),

6 months

B (95% CI),

12 months

£ (95% Cl),
24 months

mMRC

6MWD

FEV,

FvC

FEV,% predicted
CAT

Self-management

~0.908 (~1.091 to —0.704)*+
111,129 (93.785-128.473)%*
0212 (0.081-0.343)%*

0.092 (~0.066 to 0.250)
5.352 (1.906-8.798)**

~5.308 (—6.349 to —4.267)¥**
45,885 (39.678-52.092)%*

~1.013 (~1.178 to —0.849)#*+
104.063 (88.378—1 19.748)%%*
0.305 (0.170-0.440) %+

0.160 (0.006-0.314)*

5.347 (1.933-8.762)
~6.155 (~7.198 to —5.1 |2
47.956 (43.179-52.732)%%*

~0.943 (~1.119 to —0.767)*
92.313 (78.009—106.6 | 8+
0311 (0.173-0.449)*

0.174 (0.024-0.324)*

5.405 (2.010-8.800)%*

~6.508 (~7.629 to —5.387)%*
47.129 (41.800-52.559)%*

~0.731 (-0.925 to —0.537)#*
76.242 (62.237-90.246)"
0.279 (0.164-0.429)%**

0.136 (~0.015 to 0.287)
4202 (0.815-7.590)*

~6.167 (~7.384 to —4.950)*
44,403 (39.132-49.6 | 3y

Notes: *p<0.05; *p<0.01; #*+p<0.001.

study.?” This indicates that lung function should be involved
among outcomes of PR programs and be further proved.

Above all, these findings indicate that hospital-
outreach PR is a double-win program that achieves reduc-
tions in health-care utilization, leads to medical monetary
savings, and improves health outcomes. Our findings pro-
vide evidence for policy-makers in the health-care system
to increase accessibility of hospital-outreach PR, improve
referral mechanisms for PR in hospitals, and to optimize
health insurance and financial compensation policies for
the program. There are still limitations to this study. First,
it was a single-center randomized controlled trial, and
further multiple-center trials are necessary to enhance
the evidence. Second, the effects of the program on health
outcomes and health-care utilization and costs were dra-
matically improved for the first year of the program.
Although the improvements still existed at the end of
the second year, there were declines in exercise capacity
(6-minute walking distance) and increased dyspnea
(mMRC scale) and ED visits during the second year com-
pared with the first year. This indicates that another inten-
sive intervention may be needed at the start of the second
year to sustain the benefits of the program. Third, although
single-blind design was followed because of the nature of
the intervention, unblinding participants and intervention-
ists may cause potential bias, such as higherer expectations
for the treatment group.

Conclusion

In this study, we developed a hospital-outreach PR pro-
gram for patients with COPD after dischargfrom hospital
to home. The program not only helped in reducing read-
missions and length of stay in hospital and improve health
outcomes but also achieved monetary savings. It also
provided evidence for long-term effects of hospital-
outreach PR

intervention. The program also has

implications for providing evidence to policy- makers,
promoting decision-making for policy optimization to
improve accessibility, affordability, and sustainability of
such programs and maintain their benefits for patients.
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