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ABSTRACT

Introduction: Patients with chronic obstructive
pulmonary disease (COPD) often have multiple
hospitalisations because of exacerbation. Evidence
shows disease management programmes are one of
the most cost-effective measures to prevent re-
hospitalisation for COPD exacerbation, but lack
implementation and economic appraisal in China.

The aims of the proposed study are to determine
whether a hospital outreach invention programme for
disease management can decrease hospitalisations and
medical costs in patients with COPD in China.
Economic appraisal of the programme will also be
carried out.

Methods and analysis: A randomised single-blinded
controlled trial will be conducted. 220 COPD patients
with exacerbations will be recruited from the Third
Xiangya Hospital, Central South University, China. After
hospital discharge they will be randomly allocated into
an intervention or a control group. Participants in the
intervention group will attend a 3-month hospital-
based pulmonary rehabilitation intervention and then
receive a home-based programme. Both groups will
receive identical usual discharge care before discharge
from hospital. The primary outcomes will include rate
of hospitalisation and medical cost, while secondary
outcomes will include mortality, self-efficacy,
self-management, health status, quality of life, exercise
tolerance and pulmonary function, which will be
evaluated at baseline and at 3, 12 and 24 months after
the intervention. Cost-effectiveness analysis will be
employed for economic appraisal.

Ethics and dissemination: The study has been
approved by the institutional review board (IRB) of the
Third Xiangya Hospital, Central South University
(IRB2014-S159). Findings will be shared widely
through conference presentations and peer-reviewed
publications. Furthermore, the results of the
programme will be submitted to health authorities and
policy reform will be recommended.

Strengths and limitations of this study

= This study will be the first randomised controlled
trial to evaluate the efficacy of a hospital out-
reach intervention programme to prevent
re-hospitalisations and decrease medical costs in
patients with chronic obstructive pulmonary
disease (COPD) in China.

= Economic appraisal of the hospital outreach
intervention programme will be carried.

= The aim of the study is to develop a disease
management model suitable for COPD patients
in China.

= Recruitment of participants from a single clinic
will limit the generalisability of the study findings
to patients in similar hospitals.

Trial registration number: Chi CTR-TRC-14005108;
Pre-results.

INTRODUCTION

Chronic  obstructive  pulmonary disease
(COPD) is a common cause of morbidity
and mortality worldwide, and results in an
economic and social burden."! The WHO
and World Bank reported that COPD is the
fourth leading cause of death and has the
fifth highest disease burden globally.”> The
prevalence of COPD is 4.96% in the USA.”
The problem is even more severe in China,
which has over 300 million Ccigarette
smokers.” The prevalence of COPD in China
is 8.2%,* accounting for 1.28 million deaths
annually, which is higher than for coronary
heart disease (1 million). It is the only major
disease whose mortality rate is increasing.2 4
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Exacerbation of COPD is defined as an acute event char-
acterised by a worsening of the patient’s respiratory
symptoms that is beyond normal day-to-day variations
and leads to a change in regular medication.””’
Exacerbations have a significant impact on COPD
patients such as increasing the long-term decline in lung
function and resulting in a deterioration in health status
and risk of death.®!? Furthermore, exacerbation is a
major cause of COPD patients requiring hospital admis-
sion,"' which hospitalisations account for 70% of the
treatment costs for this disease.'*"”

Researchers have previously explored the interventions
used in disease management programmes for patients
with COPD, such as pulmonary rehabilitation, outreach
nursing, multidisciplinary care, patient self-management,
patient counselling and education, and case manage-
ment.'® '7 The effectiveness of these interventions has
also been investigated: original studies reported that
these programmes improved exercise capability and
health-related quality of life, and decreased hospitalisa-
tions for COPD exacerbation in patients.'®>"

Implementing an outreach system has been generally
accepted as an effective means of providing support ser-
vices to improve chronic disease management in the out-
patient setting.”’

Currently, COPD patients in China receive healthcare
only in hospitals with no outreach follow-up or services
provided after discharge, although hospital outreach
interventions have been a focus of public hospital reforms
undertaken by the Ministry of Health since 2009. Some
hospital-community integrated programmes for COPD
have been conducted in China and their effectiveness
verified." ** In these programmes, care was primarily pro-
vided by community healthcare providers, so the inter-
vention is suitable for patients with mild to moderate
disease but not patients with severe disease. Patient adher-
ence to treatment is very important and includes taking
the correct medication, pulmonary rehabilitation,
smoking cessation, and selfmanagement. It is therefore
key to develop a hospital outreach system to ensure a con-
tinuum of hospital care and maintain patients’ motivation
regarding adherence to healthy behaviour.

Economic analyses of healthcare interventions are
increasingly necessary, especially since skilled allocation
of scarce healthcare resources is particularly important
in a developing country. Cost-effectiveness analysis of
several COPD disease management programmes has
been carried out previously.” ** A recent meta-analysis
showed that such programmes can lead to significant
savings in hospital costs and total healthcare costs.”
However, prior to our study, no randomised controlled
trials of the effect and the costs of hospital outreach
intervention programmes for patients with COPD in
China were available.

The proposed study seeks to develop, deliver and
evaluate a hospital outreach invention programme for
patients with COPD, aiming at preventing exacerbations
and thus reducing readmissions and medical costs. It is

hypothesised that the hospital outreach intervention
programme will provide cost-effective disease manage-
ment by improving adherence to medication, physical
exercise, selffmanagement and smoking cessation in
patients with COPD, resulting in fewer exacerbations,
less hospitalisations and lower medical costs. This will be
tested in this study.

Goal and objectives

The overall goal of the project is to develop, deliver and

evaluate a hospital outreach intervention for patients

with COPD. There are four specific objectives:

1. To coordinate multidisciplinary experts in establish-
ing a protocol for a hospital outreach intervention;

2. To provide a hospital outreach intervention pro-
gramme after discharge for patients with COPD;

3. To evaluate the effectiveness of a hospital outreach
intervention programme in preventing re-hospitalisa-
tion and decreasing medical cost;

4. To evaluate the cost-effectiveness of this programme.

METHODS AND ANALYSIS

Trial design

A randomised single-blind controlled trial will be con-
ducted and economically evaluated. The research proto-
col of this study will be registered with the Chinese
Clinical Trial Registry (http://www.chictr.org.cn).

Setting

This study will be conducted at the Third Xiangya
Hospital, Central South University in Changsha city,
Hunan province. This hospital is located in the west of
Changsha city. It is a general hospital with 1800 beds
and mainly provides healthcare for the 600 000 residents
in the surrounding district, with an estimated of 48 000
individual patients hospitalised every year. On average,
100-120 patients with COPD are discharged every
month  following hospitalisation for a COPD
exacerbation.

Participants

Hospitalised COPD patients in the Third Xiangya
Hospital of the Central South University will be invited
to participate. Entry criteria will be as follows: (1) age
>40 years; (2) diagnosis of Global Initiative for Chronic
Obstructive Lung Disease (GOLD) stage II, III or IV
COPD documented by pulmonary function testing; (3)
hospitalised for an exacerbation of COPD; and (4) not
intending to move from Changsha city within the next
2 years. Exclusion criteria will be: (1) has other severe
disease, such as unstable cardiovascular disease, periph-
eral vascular disease, cancer or uncontrolled diabetes or
hypertension; (2) presence of cognitive problems; (3)
difficulty with communication, such as blindness or
deafness; (4) unable to walk and so hindered from
undergoing pulmonary rehabilitation focused on upper
extremity conditioning; and (5) current pregnancy.
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Preparation

We undertook several approaches to explore different
trial designs. First, a draft of the protocol was written
based on the guidelines.' Second, the draft protocol was
reviewed by five experts in respiratory medicine,
nursing, nutrition, psychology and rehabilitation. Third,
the protocol was revised following suggestions from the
experts. Finally, a pilot was completed to test various ele-
ments prior to study commencement.

Recruitment

Figure 1 shows the proposed study flow. Recruitment will
be undertaken among patients with COPD hospitalised
for exacerbations in the Third Xiangya Hospital of the
Central South University,. Two main recruiting
approaches will be wused. First, potentially eligible
patients will be identified through a review of electronic
medical records in the hospital information system. The

physicians of eligible patients will be notified of their
patients’ eligibility, and then asked for permission to
enrol these patients in the study. Thereafter, the phys-
ician and researcher will approach the patients for
screening, consent and a baseline visit. Second, physi-
cians will be asked to identify patients with COPD on
the wards. Study investigators will explain the study
rationale, significance and procedures to the physicians
each month. At this time, physicians will be given a busi-
ness card that lists the eligibility criteria and contact
information for the researcher. Once a patient fulfilling
the inclusion criteria is identified, the researcher will
approach the patient and complete the eligibility screen,
consent and baseline data collection.

Sample size and calculation
A sample size of 220 is required, consisting of 110
patients for an intervention group and 110 for a control

Potential participants will be recruited from hospitalized COPD patients

Inclusion criteria:
® Age240 years old

Exclusion criteria:
Has from other severe disease

® Diagnosis of GOLD stage II, Ill, or IV COPD
documented by pulmonary function testing

® Hospitalized for an exacerbation of COPD

@ | living changsha in future 2years J

\ 4

Cognitive problems

Difficulty with communication

Patient unable to walk

Female participants who are currently preanant
Intends to live inchangsha for the next 2 years’

Informed consent

Baseline data collection (eg, demographic data, medical use and cost in past year

health status, CAT, self-efficacy and self-management)

l

Randomization (n =220)

|

)

Intervention group (n =110)

] Discharge with usual care

° hospital outreach intervention

Control group (n =110)

[ ] Discharge with usual care

3.month assessment Outcome/effectiveness

Reduced medical cost
Increased self-efficacy

Improved lung function

24-month assessment

Decreased rate of hospitalization
Decreased times and days of hospitalization

12-month assessment Increased self-management
Improved health status, CAT
I Improved physical activity (6MWT)

3-month assessment

indicators:

12-month assessment

24-month assessment

Data analysis

Cost effectiveness analysis

Figure 1 CONSORT diagram of trial study flow and participant numbers. CAT, COPD Assessment Test; COPD, chronic

obstructive pulmonary disease; 6MWT
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group. This number was calculated by power analysis
using PASS software (NCSS, Kaysville, Utah, USA). One
intervention group and one control group of equal size
and two-tailed hypothesis testing is assumed. The power
is set at >0.8, while o is 0.05. According to a literature
review, self-reported health status is independently asso-
ciated with COPD hospitalisations.”® Self-rated health
status was provided as fair or poor versus good, very
good, or excellent (from SF-36 tool) (OR 1.57; 95% CI
1.10 to 2.23). Overall, 10.8% of patients with no hospital-
isation in the past 12 months reported they had a fair/
poor health status, while 26.7% of patients with at least
one hospitalisation reported their health status was fair/
poor.26 The calculated sample size is 92 for each group.
To account for an attrition rate of 20%, the final sample
size will be 220.

Intervention description

Hospital outreach intervention

The intervention will be divided into two parts. (1)
Hospital-based pulmonary rehabilitation will be provided
for the first 3 months (table 1): an area in the hospital
large enough for about 20 patients to perform physical
exercises will be rented. Free door-to-door transport will
be provided to facilitate participants. (2) Home-based
programmes will consist of two sections: (i) after the
3 months of hospital-based pulmonary rehabilitation,
patients will be instructed to continue the same physical
exercises at home without supervision and will record
their physical exercise each week on a special sheet; and
(ii) nurses will contact patients every 1-2 weeks to main-
tain patient motivation to adhere to physical exercise,
smoking cessation, and long-term oxygen and inhaler
use, and will provide psychosocial support if necessary.

Table 1

Discharge usual care

Both groups will be given self-
management, exercise and seeking healthcare when
necessary by a respiratory nurse before discharge from
hospital. All participants will receive a pamphlet on
COPD management.

instruction on

Randomisation and blinding

Participants will be randomised after consent and the
collection of baseline data. Recruitment staff will not
have access to the results of randomisation prior to
recruiting the subject. The allocation sequence will be
generated and released to the interventionist on a
case-by-case basis by an independent organisation which
specialises in supplying randomly generated sequences
for research. The randomisation sequence will be
recorded. Patients will be informed of the results of ran-
domisation by a research associate in person or by
phone after discharge. At that time, the research associ-
ate will discuss the intervention schedule and answers
any questions.

Given the nature of the intervention, this will be a
single-blind trial as blinding the participants is not
feasible and the interventionist will know that all those
contacted are in the intervention arm. The statistician
will be blind to individual results during the trial and
the allocation-to-trial-arm coding will only be revealed
when the data set is sealed. The interventionist and
supervisors will be blind to the baseline and follow-up
measures and will not be involved in the delivery of the
intervention. Anonymised responses will be entered
onto the database by an individual not connected to the
project.

Major elements of the hospital-based pulmonary rehabilitation programme during the first 3 months

Item Content

Frequency Interventionist

Physical exercise
weights

Lower body exercise: 15-30 min on a cycle

ergometer

Modified Taijiquan exercises
Smoking cessation Group intervention
Individual intervention

Self-management
education

Upper body exercise: 15—30 min of lifting

COPD knowledge, symptom management,
pulmonary rehabilitation treatment and drug
utilisation, benefits of physical exercise,

Twice a week for
30-60 min each
time

Physiotherapists

Once a week for Taijiquan instructor, RA

nutrition and diet, long-term oxygen therapy

Psychosocial
support patients;
suggesting coping strategies;

individual counselling when needed

Group activity to facilitate communication among

30-60 min

3 Sessions Psychologist, nurse

Once or twice a

week

7 Sessions Multidisciplinary team:
physician, nutritionist,
nurse

2 Sessions Psychologist, nurse

In our preliminary study, we reduced the number of traditional Taijiquan procedures from 24 to 6 and verified its effectiveness. Adherence to

the intervention was defined as attendance at 75% or more sessions.

COPD, chronic obstructive pulmonary disease; RA, research associate.
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Safety during exercise

Only patients able to undertake exercise safely will be
considered for enrolment in the study. Consequently, no
adverse events such as SpOs falling below 80%, angina
or myocardial infarction should occur during exercise.
The following procedure will be followed: (1) at the
time of recruitment, participants’ inpatient files and self-
reports will be used to screen for health conditions;
those with comorbidities (such as unstable cardiovascu-
lar disease) that prevent participation in exercise be
excluded from the study; (2) during supervised training,
participants’ heart rate, SpOy and dyspnoea will be mon-
itored by a research assistant. If SpOy falls below 90%,
oxygen supplementation will be provided to maintain
SpOs at 90% or above. Exercise must be stopped imme-
diately if there is chest pain, new cardiac arrhythmia, diz-
ziness or nausea. The patient should rest if their heart
rate approaches the participant’s age predicted
maximum), SpOs falls below 85% or there is marked
wheeze. Some first-aid medications and facilities will be
provided at the exercise site. (3) The prescription for
each home exercise (eg, duration for endurance exer-
cise, and weight and number of repetitions for resistance
exercise) will be individualised based on performance
during the supervised sessions.

Outcome evaluation

Primary outcome measures

1. Admissions to hospital

Data on hospitalisation (number of hospitalised persons,
number of times admitted per person, mean length of
hospital stay per person) will be obtained from the hos-
pital record through the hospital information system
and reconciled with patient follow-up records and
patient self-report.

2. Medical cost

Information on medical cost will be also obtained by
searching hospital records and reconciled with patient
follow-up records and patient self-report.

Secondary outcome measures
1. Mortality
2. Health status, including dyspnoea, exercise tolerance,
quality of life and lung function
3. Level of self-efficacy
4. Level of selfmanagement.
Information on all-cause mortality and number of
deaths will be obtained from hospital records through
the hospital information system and reconciled with
patient follow-up records.
Dyspnoea will be measured using the modified Medical
Research Council dyspnoea scale (MMRC).?”  The
MMRC measures functional limitation resulting from
dyspnoea on a scale of 0—4. The Chinese version of the
scale has been tested and used.
Exercise tolerance will be assessed using the 6 min
walk test (6MWT).*® The 6MWT will be conducted
according to the protocol recommended by American

Thoracic Society (ATS) guidelines to measure functional
exercise capacity.29 This test measures the self-paced dis-
tance that a patient can quickly walk on a flat, hard
surface in a period of 6 min.*’ Two tests will be per-
formed, with the greatest distance recorded.

Quality of life will be measured with the COPD
Assessment Test (CAT). The CAT is a short, simple ques-
tionnaire for assessing the impact of COPD on health
status.”’ The scale consists of eight items and is scored
from 0 to 40, where 0-10 indicates slight impact and 31—
40 indicates very serious impact. The questionnaire has
been used in a Chinese population.

Lung function will be tested by spirometry using the
same machine and by the same technician for all
patients following a standard protocol.”® Parameters will
include forced expiratory volume in 1s (FEV;), percent-
age predicted forced vital capacity (FVC) and percent-
age predicted vital capacity.

Self-efficacy will be measured using the Pulmonary
Rehabilitation =~ Adapted Index of  Self-Efficacy
(PRAISE).*® The 15-item PRAISE is in English and items
are scored from 1 to 4. Researchers will translate
PRAISE into Chinese and validate it.

Self-management will be measured using the COPD
Self-Management Scale (CSMS),** which includes five
domains: symptom management, daily life management,
emotion management, information management and
self-efficacy. This scale has been used in a Chinese
population.

Analysis of economic data
Cost analysis
1. Intervention cost

A. Personnel cost: the activities and number of
hours spent by personnel will be recorded by the
programme provider. The cost per subject will
then be calculated by dividing the overall cost by
the total number of participants.

B. Materials needed for the intervention such as
renting a space for Taijiquan exercises and health
education; CDs; TV; pamphlets.

C. Transportation: transport of patients to the hos-
pital so they can participate in the programme.

D. Communication: telephone calls to follow-up
patients and maintain patient motivation.

2. Medical costs of patients (COPD and COPD-related
medical costs)

A. Total inpatient cost

B. Total outpatient cost

C. Medication cost.

Outcome analysis
1. Mortality rate
2. Physical outcome
A. Pulmonary function
B. Exercise tolerance: 6MWT
3. Quality of life
4. Smoking status
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A. Smoking cessation
B. Decreased number of smoked cigarettes
5. Utilisation of healthcare (number of hospitalised
persons, number of times admitted per person, mean
length of hospital stay per person)
6. Cost saving
A. Total cost difference between the intervention
and control groups during the pre/post interven-
tion period.
B. Inpatient cost savings for the intervention group.

Economic analysis

A difference-in-difference model will be used. Cost and
outcomes will be modelled individually as dependent
variables. The following will be used: a dummy variable
to indicate 1 as the intervention (I) and 0 as control as a
key independent variable, a pre-post (P) dummy vari-
able (1 is post, 0 is pre) and an interaction variable
(IxP) to account for the pre/post difference, plus other
confounding factors such as stage of COPD, age,
gender, education, as other independent variables. The
model is as follows:

Y =F (I,P,I x P, stages of COPD, age, education, etc. U).

Y is the cost or outcome variable. The coefficient of I is
the difference between intervention and control, and P
is the difference between pre and post, while the coeffi-
cient of IxP is the difference between intervention and
control as well as pre and post. The coefficient will show
the net effect of the intervention.

Cost-effectiveness comparison

Cost saving ratio: Every Chinese yuan of intervention
cost spent on the intervention group, how many
Chinese yuan of COPD and COPD-related medical cost
would be saved.

Data collection

The data will be collected before and 3, 12 and
24 months after the intervention for the intervention
group. For the control group, the data will be collected
at the same time points as the intervention group.

Data analysis

SAS, STATA and Excel software will be used for statistical
analysis. Equivalence will be examined at group assign-
ment to the intervention and control groups using the
Mann-Whitley U test, x2 test, t-test or ANOVA. Clinical
outcomes will include the indicators of self-efficacy, self-
management, 6MWT, pulmonary function, perceived
health status and quality of life. For the intervention and
control groups, the indicators at baseline and at 3, 12
and 24 months will be compared with repeated
measures ANOVA. Comparison of these outcome
indicators between the intervention and control groups
will be conducted using the ttest. The primary out
comes will include hospitalisation and medical costs.
The rate of hospitalisation will be calculated as follows:

rate=hospitalised personsxhospitalised days/observed
personsxobserved days. The effects on hospitalisation
rate will be tested with the %? test. The effects on
medical cost will be tested with the t-test.

Intention to treat

Outcome will be analysed on the basis of intention to treat
(ITT). First, the principles of ITT will be applied to test
the effects of attrition, meaning that all patients who have
been randomised will be included in the analysis. Missing
endpoints will be imputed using the expectation-
maximisation (EM) algorithm. To gauge the robustness of
the outcomes, this analysis will be repeated using the
multiple-imputation approach. Second, propensity score
analysis will also be employed using a logistic model
(1 for adherence and 0 for attrition; 1 for intervention
and 0 for control) to predict the probability of being in
adherence/intervention. The predicted variable will then
be used to replace the attrition/control dummy variable.

Data management

Only the principal investigator and the research coordin-
ator will have access to the database during the study
period. All data will be recorded by remote data entry
into a web-based electronic case report form developed
for the study by the Third Xiangya Hospital, Central
South University. The electronic case report form data
will be anonymous and will identify study participants by
their assigned study numbers only. All missing data, pos-
sible duplications and data outside preset limits for each
parameter will be queried by the management centre,
and will be internally validated before database lock.
Participant files will be maintained in storage for 3 years
after completion of the study. The data manager will
respond by checking the original forms for inconsist-
ency, checking other sources to determine the correct
data, and modifying the original (paper) form by enter-
ing a response to the query. Note that it will be neces-
sary for data managers to respond to each query
received in order to obtain closure on the queried item.

Study steering committee

The study steering committee will consist of one princi-
pal investigator, three physicians and two representatives
from the data monitoring centre, and will be responsible
for all quality control activities, assessing adherence to
the trial protocol, enrolment, adverse events and compli-
ance reports, and making the final decision to terminate
the trial. The committee will hold a seminar every
month to report on the progress of the programme and
to discuss any problems and their solutions.

ETHICS AND DISSEMINATION

Ethics

The study has been approved by the institutional review
board (IRB) of the Third Xiangya Hospital, Central
South University. Before the study, participants will be
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told about the benefits, risks, rights and responsibility
of the programme and the informed consent form will
be signed. During the research, the participants will
have full freedom to participate or withdraw at any time.
The privacy of participants will be maintained and all of
the information will be confidential. Usual health educa-
tion on the management of stable COPD will be deliv-
ered to patients in the control group before discharge.
If any patient needs help, they can access appropriate
professional assistance.

Dissemination

Findings will be shared widely through conference pre-
sentations and peer-reviewed publications. Furthermore,
the results of the programme will be submitted to health
authorities and policy reform will be recommended.

DISCUSSION

Our research project aims to develop, implement and
evaluate a hospital outreach intervention programme
suited to the needs of Chinese patients with COPD and
to evaluate it economically. This study will address an
important problem: although awareness of COPD is
increasing in China, healthcare management still
focuses on the acute stage during hospitalisation and
relies primarily on pharmacological treatment while the
management of stable disease is neglected.”> We hope
to offer some strategies to strengthen disease manage-
ment in COPD patients.

Original studies and systematic review have analysed
the cost-effectiveness of many disease management pro-
grammes for COPD.”*® However, as our programme
will be different from previous projects, a specific eco-
nomic evaluation will need to be carried out. First, we
will analyse the consumption of health services by 220
patients with COPD over 24 months. In most previous
studies, the follow-up period for assessing the effective-
ness of disease management in COPD lasted 12 months
or less,”™ so we will have a relatively long observation
period. Second, the cost estimates are based on reliable
sources. Third, all costs associated with the intervention
programme will be identified and measured.

This study will allow us to ascertain whether the hos-
pital outreach intervention programme can prevent
exacerbations, reduce re-hospitalisation, decrease
medical costs, be cost-effective, increase self-efficacy,
facilitate self-management, promote exercise tolerance,
improve health status and lung function, and increase
the quality of life of COPD patients in China.

The results of our study will contribute information
on the effectiveness of a hospital outreach intervention
programme for patients with COPD, provide better
understanding and management of COPD, and raise
the question of whether the programme could be
extended to other chronic diseases. A summary report
of the programme will be submitted to the health
authorities and policy reform will be recommended.
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