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Introduction symptoms and incomplete reversible airflow limitation

Chronic obstructive pulmonary disease (COPD) is one caused by external toxic and harmful gases or particulate

of the most common preventable and treatable chronic materials, with progressive decline in lung function, and a

respiratory diseases, characterized by persistent respiratory series of clinical manifestations of systemic co-morbidities
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such as abnormal skeletal muscle function and mental
depression during the long-term course of the disease, in
which the limited exercise tolerance seriously affects the
life quality of patients. COPD is a major cause of chronic
morbidity and mortality worldwide. Existing studies
showed that in 2012, 3 million patients worldwide died
from COPD, accounting for about 6% of the total causes of
death. In China, the prevalence of COPD accounts for 8.2%
of the prevalence of people over 40 years of age, and the
number of patients is about 100 million (1,2).

Pulmonary rehabilitation (PR) was defined by European
Respiratory Society (ERS) and American Thoracic Society
(ATS) in 2013: PR is a multidisciplinary and comprehensive
intervention for promoting healthy behaviors that
can be sustained over time, through exercise training,
education and behavior change, following the principle of
individualized patient treatment, to improve the behavioral
and psychological status of patients with chronic respiratory
diseases (3). ERS and ATS proposed in 2017 that PR is
indicated for the overwhelming majority of patients with
COPD, including those with hypercapnia (4).

The Global initiative for Chronic Obstructive Lung
Disease (GOLD) 2019 defined a standard PR program as
aerobic exercise and resistance or strength training for at
least 30 minutes twice a week for 6 to 8 weeks, which could
improve dyspnea and health status, and improve exercise
tolerance in patients with COPD (5). PR has been shown
to enhance exercise tolerance, improve life quality, relieve
dyspnea and reduce readmission rates in patients with
COPD, etc. Its effectiveness in improving lung function has
been demonstrated. PR programs could be implemented
for a patient with chronic airway disease who has long-
term respiratory symptoms, limited activity, or who has
not achieved a satisfactory treatment outcome despite
standardized pharmacological therapies, especially for
those with different severity of COPD. PR has become an
integral part of the treatment of a patient in the stable phase
of COPD, and GOLD has made pulmonary rehabilitation,
especially lower extremity exercise and respiratory muscle
training, the core and cornerstone of PR programs for
patients with COPD (6). However, PR for patients with
COPD has been promoted earlier in foreign countries, but
is still in the initial stage in China. The majority of hospitals
do not really carry out pulmonary rehabilitation, which is
mainly promoted in some first-tier developed cities, while
rare in hospitals and primary hospitals in second or third-
tier cities. At present, for patients with COPD, the PR is
still limited to exercise assessment and training, treatment
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is valued over prevention, and the health literacy is low.
Patients have no concept of health management, do not
receive regular treatment, lack of a standardized out-of-
hospital rehabilitation management system, and cannot
adhere to rehabilitation treatment after discharge.

In addition, PR for patients with COPD faces many
challenges and has the following problems: the large
number of patients who need to receive rehabilitation, the
lack of professional rehabilitation health care professionals,
the lack of professional institutions and professionals with
a high level of standardized COPD rehabilitation, the
large gaps in medical resources and physician experience
between hospitals of different grades and between hospitals
in large cities and remote areas, low technical mastery and
low acceptance by medical staff of COPD rehabilitation in
remote areas and primary hospitals. At the same time, the
large hospitals are overcrowded with rehabilitated patients
and are unable to meet the clinical needs of patients.
In addition, there are many practical problems such as
limited mobility due to the symptoms, transportation
inconvenience, old age and frailty, low education level,
and poor compliance. All of these ultimately lead to low
willingness to undergo pulmonary rehabilitation and
low compliance in patients with COPD. Therefore, how
to improve the clinical medical and management level
of pulmonary rehabilitation and enhance the quality of
pulmonary rehabilitation as soon as possible has become an
urgent issue in the pulmonary rehabilitation program for
patients with COPD.

The Internet of Things IOT) is the fourth technological
revolution in the global information industry after
computers, the Internet and mobile communication
networks (7). It connects various information sensing
devices such as radio frequency identification (RFID)
devices, infrared sensors and global positioning systems
through the Internet, thus forming a huge network. The
core of IOT is an extended and expanded network based on
the Internet. The user side can be extended and expanded
to interchange and communicate information between
any object and thing (8). The team of Professors Chunxue
Bai and Shanqun Li from the Department of Pulmonary
Medicine, Zhongshan Hospital, Fudan University, creatively
applied IOT medical technology to the management of
chronic respiratory diseases, pointing out that this new
diagnosis and treatment model can turn patients from
passive treatment to early warning and active treatment,
greatly reducing the cost of diagnosis and treatment work,
as well as the problem of scarce medical resources in less
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developed areas (9). Mengsun Yu, academician of Chinese
Academy of Engineering, proposed the concept of “Health
Internet of Things”, pointing out that the mainstream
direction of future medical development is a new Internet
of Things health management model that can manage
human health (including disease) in a network. With these
two concepts, the research of IOT in medical field has
been raised to a macro level (10). The emergence of IOT
medicine provides a new technological platform to solve the
above dilemma. In the field of rehabilitation medicine, IOT
has been applied to remote physical therapy, exoskeleton
medical robots, cognitive impairment, etc. It was emphasized
in GOLD2020 that PR in the community or at home with
network support was no less effective than face-to-face PR in
a hospital with medical device assistance (6).

Compared with traditional pulmonary rehabilitation,
the advantages of applying IOT medical technology
to manage patients with COPD to complete PR are as
follows: (I) improve compliance: by creating a platform for
communication and feedback between doctors, nurses and
patients, providing patients with humanized spiritual support
and medical services, and facilitating the exchange of
information between health care professionals and patients
and between patients, so that patients can regain confidence
and actively cooperate with pulmonary rehabilitation; (II)
amplify the effect of famous doctors: it is convenient for
doctors who carry out PR to manage more patients, so that
patients from all over the country can get their guidance in
time; (III) reduce the gap: using IOT medical technology
to manage PR treatment can reduce the time and space
difference of medical knowledge of physicians in Grade 3A
hospitals, and also reduce the difference of resources and
experience of physicians between three grades of hospitals,
accelerating the improvement of rehabilitation treatment
level of primary physicians, so that patients can enjoy
professional medical health services in their vicinity; (IV)
individualize the rehabilitation: individualized PR treatment
plans can be provided for different groups of people to
fully meet their needs for different levels of rehabilitation
treatment, thus meeting the requirements of precision
medicine.

Due to the chronic course of COPD and the need for
long-term treatment, which requires the active participation
and cooperation of patients throughout the whole process (9),
the rehabilitation of patients with COPD will become
the focus of the application of IOT medicine in the field
of rehabilitation of chronic diseases in internal medicine.
IOT medical technology played a top-level and pyramidal
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role of demonstration and influence in the clinical process
of chronic disease management and rehabilitation. By
establishing a three-tier IOT medical platform that
integrates authoritative experts specialized in COPD
rehabilitation in large hospitals, primary physicians and
patients, forming a multidisciplinary integrated respiratory
disease rehabilitation platform, and strengthening close
cooperation among physicians in Grade 3A and primary
hospitals, and integrating the rehabilitation techniques
of traditional medicine with Chinese characteristics,
such as sports medicine, Chinese medicine and Tai Chi,
into the above multidisciplinary respiratory disease
rehabilitation platform, it is possible to engage and guide
the implementation of pulmonary rehabilitation for patients
with COPD in a comprehensive, holistic, precise and
fulltime way.

Applying IOT technology to the management of
COPD rehabilitation, realizing the linkage of medical
association, two-way referral, remote consultation and
home rehabilitation management of COPD, this seamless
full management and dynamic data feedback and collection
will favorably promote the implementation of COPD
rehabilitation training, and its development prospect is
broad and potential is unlimited. In addition, China is the
most rapidly growing country in the world in terms of
Internet development, and the huge volume of Internet
users has laid a beneficial foundation for the rehabilitation
treatment of COPD in the context of IOT. However, there
is a lack of unified understanding and norms for diagnosis
and treatment, and the consensus or guidelines for clinical
application in the field of IOT pulmonary rehabilitation are
even blank. Therefore, we should not limit the application
of IOT technology in the rehabilitation of COPD, but also
should develop a set of IOT-based rehabilitation treatment
model that meets the national condition in China and is
suitable for Chinese patients with COPD, for which we
invited well-known experts from the field of IOT medicine
and COPD pulmonary rehabilitation in China to discuss
together in Shanghai to reach this consensus (11).

We present the following article in accordance with the
RIGHT reporting checklist (available at https://dx.doi.
org/10.21037/jtd-21-670).

10T-based rehabilitation strategy for COPD
Centralized management

The respiratory departments of Grade 3A hospitals are set
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as the first echelon of IOT-based COPD rehabilitation,
which mainly provide rehabilitation treatment for difficult
COPD patients, provide guidance to the rehabilitation
program of general patients, and undertake training
for primary health care staffs. The basic information of
patients, rehabilitation treatment plans and related data
before and after treatment are finally collected by the
first echelon, uploaded to the computer cloud for storage,
and the collected data are analyzed and studied. Based on
the demographic characteristics of China, rehabilitation
techniques applicable to Chinese patients with COPD are
explored and the IOT rehabilitation model is innovated.

Community rebabilitation treatiment

Community hospitals will serve as the second echelon of
[I0T-based COPD rehabilitation. Community rehabilitation
has always been an important part of rehabilitation medical
treatment. Community hospitals mainly undertake the
rehabilitation treatment of general COPD patients in
their vicinity, instruct patients on formal rehabilitation
training movements and monitor their exercise intensity. In
addition, community hospitals provide patients with high-
standard equipment such as upper and lower extremity
muscle training equipment, balance trainers, simulated
exercise trainers and hydrotherapy. Rational use of medical
resources can reduce the cost of rehabilitation treatment.
Community-based rehabilitation can greatly facilitate
treatment close to patients, create a mutually supervised
environment for patients, improve patient compliance, and
also reduce the financial burden on patients. The second
echelon of community-based rehabilitation will become an
important module in IOT rehabilitation.

Home rebabilitation treatment

Home rehabilitation is the third echelon of IOT-based
COPD rehabilitation, which enables ordinary patients
with COPD to change from passive to active rehabilitation
treatment at home. The doctor of the first echelon makes
a comprehensive assessment of the patient, draws up a
rehabilitation program and pushes it to the patient’s cell
phone APP, which is based on exercise rehabilitation,
including aerobic exercise, resistance training, breathing
training, and pulmonary rehabilitation exercises. At the
same time, through the cell phone APP, patients are
educated to improve their health knowledge and self-
management. Doctors and rehabilitators can also follow
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up with patients by voice or video call through the cell
phone APP, and make regular remote assessments to
ensure real-time tracking of patients’ rehabilitation status
so that adjustments can be made. In addition, patients can
wear wearable devices such as sports bracelets to monitor
exercise intensity and physiological indicators (heart rate,
blood pressure, etc.). The data collected is uploaded via the
Internet to a computer cloud, where it is analyzed by the
first echelon, while rehabilitation practitioners in the second
echelon assess the patient’s exercise performance and adjust
the rehabilitation program according to the actual situation.
In the third echelon, patients are able to communicate
with their doctors or rehabilitators in a timely manner
and provide real-time feedback on their rehabilitation
results. Moreover, with the guidance and supervision of cell
phones or other wearable devices, patients can complete
the corresponding rehabilitation training, reducing
their financial burden and improving their compliance.
Studies have shown that the economic burden of internet-
based tele-rehabilitation was not significantly different
from that of traditional rehabilitation, and will decrease
with the development of the IOT and the popularity of
devices (9,12,13). For patients living in remote areas, tele-
rehabilitation is more economical and practical.

The establishment of a medical working system
of 10T for COPD rehabilitation

Cloud computing devices

“Cloud” is a virtual computer resource that can be self-
maintained and managed, usually some large server clusters,
including computer servers, storage servers, broadband
resources and so on (14). The powerful computing
and storage capacity of cloud computing can provide
strong hardware and software and technical support
for the storage and processing of massive data in 10T,
which can effectively meet the elastic demand of patient
monitoring data processing and analysis of huge computing
volume (15). The large amount of monitoring data
accumulated can be data mined, which fully reflects the
advantages of cloud computing.

The receiving and transmission function of the cloud
must be available in the IOT platform software to adapt to
the IOT transmission process, transmitting the processed
information to the user terminal accurately according
to the duty criteria of the terminal and the information
access. User terminals can be physicians, rehabilitators and
related personnel, patients who need to know information,
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Figure 1 Intelligent massive information mining system based on cloud computing.

informed persons, and administrator terminals. The
application of cloud computing technology to the
pulmonary rehabilitation IOT system not only enables deep
processing and mining of massive amounts of data, but also
makes it possible to achieve fast, accurate, high-capacity
data that can be collected and processed anytime anywhere
(Figure I).

It connects the patient side, the physician side, the
cloud processing side, and also connects with the services
of hospitals of three grades, so that it can complete
comprehensive treatment services of chronic disease
management and rehabilitation as a whole.

Telemedicine system

Telemedicine monitoring refers to a technical means of
transmitting video, physiological information and medical
signals from the remote end to physicians and rehabilitators
for analysis and dynamic follow-up through communication
networks. The telemedicine monitoring system consists
of three parts: the physician side, the patient side and the
communication network. The function of the physician’s
side is to receive information from the remote monitoring
device and provide the patient with corresponding
professional guidance. The remote monitoring device is a
device for rehabilitation guidance, physiological parameter
detection and telemetry for patients, which can help
doctors grasp the patient’s condition and provide timely
guidance. The physiological parameters detected mainly
include: electrocardiogram (ECG), electroencephalography
(EEQG), heart rate, blood pressure, pulse, respiratory rate,
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oxyhemoglobin saturation, body temperature, blood
sugar, etc. At the same time, the patient with video, virtual
reality (VR) and other technologies to achieve remote
visual simulation training. Muscle tension, diaphragm
movement, energy consumption of flat exercise, changes in
vital signs during exercise, changes in energy metabolism,
walking distance, questionnaires and other information
are collected from the patient side. The physician side do
the classification and summary, setting alarm thresholds,
which are evaluated by doctors of different levels, to guide
the intensity, amplitude, training form, time, etc. The
communication network connects the physician’s side and
the patient’s side. Patients can be monitored at home and
outdoors. The monitoring process should be real-time. The
equipment should be easy to carry and use. The monitoring
can be done by patients or doctors. The measurement
results can be uploaded to the cloud for storage, analyzed
and processed after remote transmission to the physician’s
side. Remote expert consultation can be available through
the network (Figure 2).

The team of Professors Shanqun Li from Zhongshan
Hospital, Fudan University, created some Chinese utility
model patents with intellectual property rights: “An
I0T-based Expiratory Muscle Training System”, “An
I0T-based Intelligent Monitoring Wearable System for
COPD Rehabilitation Exercise”, and “An IOT-based
ICF Evaluation System for Respiratory Rehabilitation
of COPD”, which extend the face-to-face consultation
model between physician and patients with COPD for
pulmonary rehabilitation, to home management. The
concept and technology of overall management and
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Figure 2 Telemedicine platform for COPD rehabilitation. COPD, chronic obstructive pulmonary disease.

full-time rehabilitation is extended to the family and

community.

Implementation criteria for COPD rehabilitation
Exercise program

Exercise training is the cornerstone of comprehensive
PR program, mainly including: aerobic exercise, upper
and lower limb resistance training, respiratory training,
respiratory muscle training, functional training, etc. (16).

Exercise training intensity

The American College of Sports Medicine (ACSM) and
American Association of Cardiovascular and Pulmonary
Rehabilitation (AACVPR) recommended low-intensity
(30-40% maximal power) and high-intensity (60-80%
maximal power) exercise training for patients with COPD (17).
Low-intensity can relieve symptoms, improve quality
of life, and enhance physical activity in daily life,
while higher-intensity exercise can lead to significant
improvement in physiological function. The indicators of
exercise intensity assessment include: maximum oxygen
uptake (VO2max), oxygen uptake reserve (VO2R),
metabolic equivalent, maximum heart rate (HRmax), heart
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rate reserve (HRR), subjective physical sensation scale
(ratings of perceived exertion, RPE score), Borg dyspnea
score (Borg score), etc.

Rebabilitation assessment

One-min sitting test, 6-min walking distance, simple lung
function, cardiopulmonary exercise test, etc. to detect lung
function. Questionnaires to assess anxiety and depressive
symptoms in patients with COPD, including: BORG (B for
body mass index, O for airflow obstruction, D for dyspnea,
E for exercise capacity) and MRC (Medical Research
Council dyspnea scale) to assess the degree of dyspnea,
CAT (COPD Assessment Test) questionnaire to measure
quality of life, Hamilton Anxiety Rating Scale (HARS) and
Hamilton Depression Rating Scale (HDRS) to quantify
anxiety and depression as a routine screening procedure to
detect early symptoms and halt their progression.

Long-term oxygen therapy and non-invasive ventilation

In patients with COPD even in the absence of hypoxemia,
small increase in oxygenation index can lead to significant
improvements in exercise tolerance, rising to approximately
50% of the oxygenation index level (18). Reduction of
respiratory muscle power consumption, relief of muscle
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fatigue and good man-machine synchronization are the
main objectives of noninvasive ventilation.

Non-invasive ventilation modes commonly used in exercise
training for patients with COPD include: biphasic positive
airway pressure (BiPAP), proportional assisted ventilation
(PAV), and adaptive support ventilation (ASV), pressure
support ventilation (PSV), and so on. The most commonly
used ventilation mode is BiPAP. Studies have shown that
PSV mode has the advantage of reducing the work done
by respiratory muscles, while PAV mode has the main
advantage of better human-machine synchronization (19).
Studies have confirmed that the use of IOT technology for
rehabilitation training, including remote home noninvasive
ventilation management, can improve the quality of
noninvasive ventilation, improve treatment compliance, and
contribute to the improvement of patient survival (10).

Other interventions
Health education

Health education is infiltrated into all aspects of PR, which
can improve the patient’s knowledge and confidence in
long-term treatment, and reduce the number of acute
attacks. The health education content will be pushed
to the patients’ cell phone APP by the physicians and
rehabilitation teachers in the form of graphics or videos,
including: risk factors of COPD, intervention measures,
methods of medication, hazards of smoking, methods of PR
treatment, self-monitoring, self-management of symptoms,
importance of adherence to pulmonary rehabilitation, etc.

Nutritional therapy

Noutritional therapy is part of the individualized treatment
plan, especially for patients with COPD who have combined
diabetes, metabolic syndrome and malnutrition. The diet is
based on the intake of protein, and the fat and carbohydrate
content can be relatively low, thus reducing the production
of carbon dioxide. In patients with COPD, fat-free weight
loss is considered a poor prognostic parameter that will
lead to muscle weakness and reduced quality of life (20). Fat
weight loss can be assessed using bioelectrical impedance
analysis. Individual nutritional therapy is an effective and
underestimated intervention for the treatment of COPD,
especially in malnourished patients and during physical
activity.
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Assessment of psychological status

Patients with COPD have long disease duration, different
degrees of exercise endurance and muscle strength
incoordination, etc., which all aggravate the psychological
burden of patients, so that patients generally have negative
emotions such as anxiety and depression. Therefore,
doctors and rehabilitation physicians need to provide early
and positive psychological interventions to enhance the
rehabilitation effect of patients.

Social support

It was found that rehabilitation partners were more
conducive to patients to establish the belief of completing
the task (21). The researchers believe that rehabilitation
partners participating in training with patients with
COPD, can give explanation, relief and guidance when
patients have adverse physiological reactions (soreness
and weakness, difficulty in breathing, etc.) during home
pulmonary rehabilitation, so that patients can obtain care
and supports from their families, which creates a good social
and psychological environment for patients and achieves
a continuous positive reinforcement of the behavioral
intervention process.

Basic requirements of training and admission of
professionals

Training of professionals

The main training includes: (I) training in the knowledge
and diagnosis and treatment techniques of COPD and
related diseases; (II) training in the basic knowledge of
pulmonary rehabilitation; (IIT) medical exercise therapy,
posture training, muscle function training, pulmonary
endurance training; (IV) physical examination; (V) training
in the basic knowledge of IOT medical technology; (VI)
IOT-based pulmonary rehabilitation working model and
process, and roles and responsibilities of each member
in a multi-team working model; (VII) application of
medical knowledge and IOT technology in the long-term
management of patients.

Admission of professionals

Relevant practitioners need to undergo the necessary
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training, have the relevant medical professional
qualifications and obtain a certificate of competence before
access. The access and quality control requirements of
the IOT COPD Rehabilitation Center are as follows: (I)
the center has relevant practitioners (including several
full-time rehabilitators who have obtained professional
training certificates); (II) the center possesses equipment
for conducting relevant pulmonary rehabilitation; (III)
the center has certification and access to the IOT COPD
rehabilitation; (IV) the center establishes a standardized
system for monitoring COPD diagnosis and treatment,
rehabilitation training, and exercise intensity; (V) the
center has the ability to manage and ensure the security of
information.

Conclusions

In the process of standardized COPD rehabilitation
management, the use of modern IOT technology to
comprehensively assess patients’ physiological and
psychological status, and integrating medication,
rehabilitation training, psychological intervention and
prevention, make the rehabilitation training become an
effective supplement to daily clinical work and a way to
promote disease recovery. At the same time, it is a new
tool to cultivate professional talents, promote discipline
development, and drive the transformation of industry-
academia-research, which is in line with the current medical
status and national policies. The construction of IOT-based
three-stage rehabilitation for COPD echoes the three-stage
rehabilitation model proposed by China. As people become
more aware of rehabilitation, three-stage rehabilitation
will become more and more superior. The “cloud hospital”
in mobile health care uses cloud computing, IOT, mobile
Internet and sensor technology to combine chronic
disease management and rehabilitation training, which
can significantly improve the data management ability and
improve the quality of rehabilitation training, achieving
effective dynamic assessment, positive feedback, and also
improve patient compliance. The massive data analysis and
mining of IOT provides an effective tool to reveal new
patterns of disease change.
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