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Objective: To investigate the knowledge of pulmonary rehabilitation (PR) among physicians involved in pulmonary disease
management.

Methods: This multi-regional cross-sectional survey was conducted from December 12, 2019 to January 22, 2020. The participants
were enrolled and an electronic questionnaire was exclusively sent to the members of the Lung Cancer Special Committee of the China
Medicine Education Association through the WeChat platform. Multivariable logistic regression analysis was performed to explore the
associated factors of high PR knowledge scores (> 18 points).

Results: From the 858 valid questionnaires, the routine implementation of PR was only reported for 16.95% of physicians. The main
reason hindering the implementation of PR for patients was the limited knowledge and awareness of PR among the physicians
involved (69.1%). A total of 618 and 240 physicians had high and low knowledge scores, respectively. Multivariable analysis
suggests that the self-perception of PR knowledge (OR = 1.89, 95% CI: 1.32-2.771, P = 0.001) was independently associated with
high knowledge scores, while having no theoretical knowledge of PR was associated with poor knowledge scores (OR = 0.43, 95% CI:
0.26-0.72, P = 0.001).

Conclusion: Inadequate knowledge of pulmonary rehabilitation is evident among physicians who are involved in pulmonary disease
management in China. This underscores the need for more comprehensive and standardized training to bolster their awareness and
effective utilization of pulmonary rehabilitation.
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Introduction
Chronic obstructive pulmonary disease (COPD) commonly affects adults >40 years old who experience significant
exposure to combusted tobacco,'* with an estimated worldwide prevalence of about 11%, with about 14.3% in males and
7.6% in females.® It is the third leading cause of mortality worldwide,* with 4-year mortality rates ranging from 28% to
62%,"? and up to 90% of COPD deaths are reported in low- and middle-income countries.' According to a cross-
sectional study in mainland China, the standardized prevalence of COPD was estimated at 13.6%.° Exacerbations in
COPD are crucial events characterized by a sudden worsening of symptoms, particularly breathlessness, cough, and
mucus production. These exacerbations significantly impact the health status, rate of hospital admissions, and mortality
in individuals with COPD.® Furthermore, the long-term decline in lung function and physical function has a substantial
and lasting impact on the quality of life (QoL) among survivors.””® Hence, it is of great importance to implement
strategies to optimize health-related QoL for patients with COPD.

Pulmonary rehabilitation, a comprehensive intervention based on patient assessment, encompasses exercise, educa-
tion, and behavioral changes."”"'° Defined rigorously by the ACCP/ACCVP’s evidence-based guidelines, it aims to
enhance the physical and psychological state of patients with chronic respiratory diseases and promote sustained healthy
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behaviors."! This rehabilitation has been shown to minimize postoperative complications, expedite recovery, manage
functional impairments, increase patients’ daily life activity endurance, and even enhance the potential for surgical
intervention in patients initially deemed inoperable due to compromised lung function.'>™'> Its benefits, recognized by an
array of healthcare professionals, extend from improved dyspnea, mental health, and exercise tolerance to reduced
hospitalizations, especially in patients with COPD. The core elements of pulmonary rehabilitation include personalized
programs, multidisciplinary teams, and comprehensive disease understanding. A thorough patient assessment is vital to
curate an individualized plan, involving a collaborative effort from physicians, nurses, therapists, dietitians, and
community workers.'® Notably, COPD patients undergoing pulmonary rehabilitation experience enhanced walking
distances, muscle strength, fewer exacerbations, and shorter hospital stays.w”l8 Furthermore, its benefits are acknowl-
edged for patients with other respiratory conditions like restrictive lung diseases, pulmonary hypertension, and lung
cancer.'” %2

While the benefits of pulmonary rehabilitation are well-established, its implementation remains a challenge across the
global healthcare landscape. Several studies have shown that despite its proven efficacy, pulmonary rehabilitation
remains considerably underutilized.>*** Specifically, in China, a rapidly developing nation with a vast population,
only about 27% of hospitals offer pulmonary rehabilitation services.”” This underutilization is not just a product of
limited resources; often, the lack of its integration into COPD care pathways plays a significant role.?® Alarmingly, many
patients remain deprived of the benefits of pulmonary rehabilitation due to inadequate referrals, a situation rooted in the
limited knowledge and awareness among physicians involved in pulmonary disease management.”® This lack of
awareness is not isolated to a few regions; even in developed regions of China, physicians remain relatively unaware
of the importance and procedures related to pulmonary rehabilitation.?” Recent studies have indicated that the education
level of the physician, their region of practice, and the duration of their professional practice were significant
determinants influencing their awareness and subsequent referral rates for pulmonary rehabilitation.?” Thus, while the
need for pulmonary rehabilitation is universally acknowledged, the gap in knowledge among healthcare professionals
poses a significant challenge. There’s a need for comprehensive data to understand the dimensions of this challenge
better, enabling the design of interventions for enhanced physician awareness and patient care.

Therefore, this multi-regional cross-sectional study aimed to investigate the perception of pulmonary rehabilitation
among physicians involved in pulmonary disease management and explore associated factors of knowledge of pulmonary
rehabilitation.

Methods
Study Design and Participants

This multi-regional cross-sectional survey was conducted from December 12, 2019 to January 22, 2020. The participants
were enrolled through the WeChat platform. The electronic questionnaire was sent to a chat group exclusive to members
of the Lung Cancer Special Committee of the China Medicine Education Association. The members were asked to spread
the questionnaire to the related department at their hospital. The target population was physicians at all levels of hospitals
in China who were engaged in work related to pulmonary disease. The study was approved by the ethics committee and
all participants provided written informed consent before the survey.

Survey

Referring to the pulmonary rehabilitation-related literature, the authors developed the pulmonary rehabilitation knowl-
edge survey. The questions were discussed and revised at a consensus meeting attended by experts in pulmonary disease.
The questionnaire was administered through the WeChat platform using the software “WJX”. The physicians’ self-
perception, knowledge of pulmonary rehabilitation, and implementation were investigated. The term “self-perception”
refers to a subjective evaluation by physicians regarding their own understanding and familiarity with pulmonary
rehabilitation. Knowledge of pulmonary rehabilitation represents an objective measurement derived from the responses
of physicians to questions centered around their professional knowledge and awareness of pulmonary rehabilitation. The
term “implementation” relates to the actual execution or application of pulmonary rehabilitation in clinical practice. It’s
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gauged based on the feedback from physicians in the survey concerning the prevalence and routine of pulmonary
rehabilitation deployment in their respective healthcare settings.

The first part of the questionnaire was about the general information of the participants (including gender, age, occupation,
title, education, department, years of work, and position). The second part of the questionnaire was about the self-perception
(rated 0—10, with 10 being full perception) and previous theoretical study of pulmonary rehabilitation. The third part of the
questionnaire was about the knowledge of pulmonary rehabilitation in three aspects: the role, content, and indications of
pulmonary rehabilitation to assess the perception of the surveyed physicians. The fourth part of the questionnaire was about
the implementation of pulmonary rehabilitation, including the current situation, physician’s willingness, and main obstacles.

There were 10 options for each of the three aspects of the third part. The role of pulmonary rehabilitation was set in
the questionnaire with 10 options: (1) reduce hospitalization and mortality, (2) limit exercise capacity, (3) increase
dyspnea and lower extremity discomfort, (4) improve upper extremity muscle strength and endurance, (5) improve
quality of life, (6) limit mobility (eg, daily activities), (7) regulate emotions, (8) enhance self-care and cognition, (9)
increase self-management, and (10) decreasing physical activity level. (1), (4), (5), (7), (8), and (9) are correct; (2), (3),
(6), and (10) are incorrect. One point was given for each correct judgment. The content of pulmonary rehabilitation
included 10 options: (1) exercise, (2) respiratory muscle exercise, (3) home oxygen therapy, (4) health education, (5)
traditional Chinese medicine (TCM) rehabilitation, (6) telemedicine rehabilitation (rehabilitation through IoT, APP,
WeChat platform, etc.), (7) neuromuscular electrical stimulation, (8) non-invasive ventilation, (9) self-management
(adherence to medication, change of poor living environment, diet therapy, behavior change), and (10) psychological
intervention. The physicians were surveyed to see if they understood these 10 items, and one point was given for each
positive answer. There were 10 indications for pulmonary rehabilitation, including (1) chronic obstructive pulmonary
disease, (2) asthma, (3) chronic bronchitis, (4) pulmonary hypertension/pulmonary heart disease, (5) interstitial lung
disease, (6) bronchiectasis, (7) lung cancer, (8) perioperative chest surgery, (9) cardiovascular disease, and (10) others.
One point was scored for each item selected.

The total score of pulmonary rehabilitation knowledge was 30 points, including 10 points for pulmonary rehabilita-
tion role, 10 points for pulmonary rehabilitation content, and 10 points for pulmonary rehabilitation indications.
A questionnaire was considered valid if all questions were answered.

An English version of the questionnaire is available in Figure S1.

Statistical Analysis

SPSS, version 18.0 (IBM, Armonk, NY, USA) was used for data processing and analysis. Continuous variables were presented
as mean + standard deviation or median (Q1, Q3), and categorical variables were presented as frequency (percentage).
Comparisons between groups were performed using the chi-square test and #-test. The variables with P<0.05 in comparison
were included in the multivariable logistic regression analysis to explore the associated factors of high pulmonary rehabilita-
tion knowledge scores. The total score of pulmonary rehabilitation knowledge was divided at the 60% threshold, with 0—17
points being a low score and 18-30 points being a high score. The 60% threshold was determined based on a consensus
achieved during meetings with experts in pulmonary disease. This threshold was considered to effectively represent
a distinction in the level of expertise among the responders. P-values <0.05 were considered statistically significant.

Results

Characteristics of the Participants
A total of 858 valid questionnaires were collected in the study. The top five provinces and municipalities were Shanghai
(n = 496, 57.8%), Jiangsu (n = 97, 11.3%), Zhejiang (n = 37, 4.3%), Anhui (n = 26, 3.0%), and Hebei (n = 24, 2.8%).
Among the 858 surveyed participants, 398 (46.4%) were male, and 460 (53.6%) were female. Thirty-six (4.2%) were
<25 years old, 506 (59.0%) were 2540 years old, 240 (28.0%) were 40-50 years old, and 74 (8.6%) were >50 years old.
In addition, 365 (42.5%) worked in departments directly related to pulmonary disease (including respiratory medicine,
thoracic surgery, oncology, radiotherapy, etc.), and 493 (57.5%) worked in other departments generally related to
pulmonary disease (such as general medicine or major internal medicine) (Table 1).
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Table | Participants’ Characteristics

Variables Total (n = 858) | Low score (n = 240) | High score (n = 618) P
Sex, n (%) 0.960
Male 398 (46.4%) 111 (46.2%) 287 (46.4%)
Female 460 (53.6%) 129 (53.8%) 331 (53.6%)
Age, n (%) 0.006
<25 36 (4.2%) 18 (7.5%) 18 (2.9%)
25-40 506 (59.0%) 149 (62.1%) 357 (57.8%)
40-50 240 (28.0%) 59 (24.6%) 181 (29.3%)
50-60 74 (8.6%) 14 (5.8%) 60 (9.7%)
>60 2 (0.2%) 0 (0%) 2 (0.3%)
Hospital type, n (%) 0.509
General hospital 647 (75.4%) 180 (75%) 467 (75.6%)
Specialized hospital for pulmonary/chest diseases 39 (4.5%) 14 (5.8%) 25 (4%)
Other specialized hospital 172 (20.0%) 46 (19.2%) 126 (20.4%)
Hospital level, n (%) 0.737
Primary 273 (31.8%) 76 (31.7%) 197 (31.9%)
Secondary 167 (19.5%) 43 (17.9%) 124 (20.1%)
Tertiary 418 (48.7%) 121 (50.4%) 297 (48.1%)
Education, n (%) 0.114
Junior college 36 (4.2%) 15 (6.2%) 21 (3.4%)
Bachelor 401 (46.7%) 101 (42.1%) 300 (48.5%)
Master 305 (35.5%) 93 (38.8%) 212 (34.3%)
Doctor 116 (13.5%) 31 (12.9%) 85 (13.8%)
Title, n (%) 0.006
Assistant physician 31 (3.6%) 15 (6.2%) 16 (2.6%)
Resident physician 164 (19.1%) 51 (21.2%) 113 (18.3%)
Attending physician 345 (40.2%) 90 (37.5%) 255 (41.3%)
Associate chief physician 158 (18.4%) 42 (17.5%) 116 (18.8%)
Chief physician 115 (13.4%) 23 (9.6%) 92 (14.9%)
Medical student 45 (5.2%) 19 (7.9%) 26 (4.2%)
Position, n (%) 0.010
Department director/Ward director 160 (18.6%) 33 (13.8%) 127 (20.6%)
Treatment team leader 136 (15.9%) 31 (12.9%) 105 (17%)
General physician 562 (65.5%) 176 (73.3%) 386 (62.5%)
(Continued)
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Table | (Continued).

Variables Total (n = 858) | Low score (n = 240) | High score (n = 618) P
Department, n (%) 0.005
Departments generally related to pulmonary disease 365 (42.5%) 84 (35%) 281 (45.5%)
Departments directly related to pulmonary disease 493 (57.5%) 156 (65%) 337 (54.5%)
Service years, n (%) 0.003
<5 183 (21.3%) 62 (25.8%) 121 (19.6%)
5-10 227 (26.5%) 69 (28.8%) 158 (25.6%)
10-20 269 (31.4%) 78 (32.5%) 191 (30.9%)
>20 179 (20.9%) 31 (12.9%) 148 (23.9%)
Self-perception of pulmonary rehabilitation, n (%) <0.001
<6 points 443 (51.6%) 166 (69.2%) 277 (44.8%)
26 points 415 (48.4%) 74 (30.8%) 341 (55.2%)
Have you studied the theory of pulmonary rehabilitation <0.001
Yes 284 (33.1%) 44 (18.3%) 240 (38.8%)
No 454 (52.9%) 171 (71.2%) 283 (45.8%)
Inconclusive 120 (14.0%) 25 (10.4%) 95 (15.4%)

Self-Perception and Implementation of Pulmonary Rehabilitation
Among all participants, 443 (51.6%) rated less than 6 points regarding self-perception of pulmonary rehabilitation, while
only 284 (33.1%) have studied the theory of pulmonary rehabilitation. The routine implementation of pulmonary
rehabilitation was only reported for 16.95% of physicians and 60.14% of the participants never had any implementation
at their department. Nevertheless, most of the physicians (85.31%) were willing to provide the treatment of pulmonary
rehabilitation.

The main reason reported to hinder the implementation of pulmonary rehabilitation for patients was the limited
knowledge and awareness of pulmonary rehabilitation among the physicians involved (69.1%), followed by the lack of
professional pulmonary rehabilitation techniques and equipment (54.8%).

Pulmonary Rehabilitation Knowledge, Perception, Indications Scores
The rate of high knowledge score was 72.0% (n = 618). The total knowledge score for pulmonary rehabilitation and the
perception scores in the three components are shown in Table 2 and Figure 1.

Table 2 Pulmonary Rehabilitation Knowledge Scores (n = 858)

Item Mean * standard deviation | Median (QI, Q3) | High score
Role of pulmonary rehabilitation 8.93%1.51 10 (8-10) 825 (96.2%)
Content of pulmonary rehabilitation 6.37£3.71 8 (3-10) 557 (64.9%)
Indications of pulmonary rehabilitation 7.21£2.47 8 (5-9) 435 (50.7%)
Total score of pulmonary rehabilitation 22.5145.34 24 (19-27) 618 (72.0%)
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Figure | Scores of the perception of the role (A), content (B) and indications (C) of pulmonary rehabilitation by physicians involved in pulmonary disease management in
China. The y-axis indicates the number of physicians who answered correctly.
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Compared with the low knowledge group, the participants with high knowledge belonged to older age groups (P = 0.006),
higher professional titles (P = 0.006), higher hospital positions (P = 0.010), departments directly related to pulmonary disease
(P =0.005), and groups with longer experience (P = 0.003). The participants in the high-knowledge group also had a higher
appreciation of their knowledge (P < 0.001) and received training in pulmonary rehabilitation (P < 0.001).

Associated Factors of High Pulmonary Rehabilitation Knowledge Scores

The multivariable analysis suggested that the self-perception of pulmonary rehabilitation knowledge (OR = 1.89, 95%
CI: 1.32-2.771, P = 0.001) was independently associated with high knowledge scores, while having learned no
theoretical knowledge of pulmonary rehabilitation was associated with poor knowledge scores (OR = 0.43, 95% CI:
0.26-0.72, P = 0.001) (Table 3).

Table 3 Logistic Regression Analysis of Associated Factors of High Pulmonary Rehabilitation Knowledge

Variable N OR 95% ClI P
Lower limit | Upper limit

Age 0.649
<25 36 Reference
2540 506 1.953 0.802 4.754 0.141
40-50 240 1.582 0.666 3.744 0.317
50-60 74 1.512 0.483 5.322 0.509
>60 2 - - - -

Title 0.077
Assistant physician 31 0.854 0.32 2.277 0.753
Resident physician 164 1.402 0.618 3.181 0.419
Attending physician 345 2.143 0.944 4.862 0.068
Associate chief physician 158 1.18 0.461 3.019 0.73
Chief physician 115 1.025 0.322 3.265 0.966
Medical student 45 Reference

Position 0.254
Department Director/Ward Director 160 1.637 0.844 3.177 0.145
Treatment team leader 136 |.44 0.837 2.479 0.188
General physician 562 Reference

Specialty - 0.77 0.52 I.14 0.192

Service years 0.111
<5 183 0.838 0.372 1.888 0.67
5-10 227 0.542 0.264 I.114 0.096
10-20 269 0.561 0.304 1.033 0.063
>20 179 Reference

(Continued)
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Table 3 (Continued).

Variable N OR 95% CI P
Lower limit | Upper limit

Self-perception of pulmonary rehabilitation 26 points - 1.894 1.322 2714 0.001

Have you studied the theory of pulmonary rehabilitation <0.001
Yes 284 1.064 0.594 1.905 0.834
No 454 0.431 0.259 0.717 0.001
Inconclusive 120 Reference

Discussion

Due to differences in physicians’ characteristics, it is unclear whether clinicians have consistent knowledge of pulmonary
rehabilitation. Therefore, this multi-regional cross-sectional study investigated the perception of pulmonary rehabilitation
among physicians involved in pulmonary disease management. The results suggest that inadequate knowledge of
pulmonary rehabilitation was observed among physicians. The self-perception and learning of theoretical knowledge
were associated with better knowledge of pulmonary rehabilitation. The findings of this study revealed the current
situation of knowledge of pulmonary rehabilitation and provided evidence for further implementation of education
programs among physicians involved in pulmonary disease management in China.

Despite its described benefits, pulmonary rehabilitation is not popular among physicians, surveys conducted in
hospitals abroad showed vast disparities in recommendations or implementation among continents and areas but
relatively low referral rates.>** A study in China by Hao et al*’ surveying 520 respiratory physicians showed that the
physicians’ knowledge of pulmonary rehabilitation for COPD, as well as the referral rate of pulmonary rehabilitation in
patients with COPD, was rather low. In addition, the low referral rates were influenced by education, area of China, and
work experience, while the lack of facilities was the main barrier.”” Also in China, Xie et al*® showed a poor perception
and disbelief in the need for pulmonary rehabilitation among patients with COPD. Such a poor perception of pulmonary
rehabilitation will not encourage the patients to discuss pulmonary rehabilitation with their physician but also
suggests that physicians do not promote pulmonary rehabilitation enough. In this study, 85.3% of the physicians were
willing to provide pulmonary rehabilitation treatment to their patients. The main reason reported to hinder the
implementation of pulmonary rehabilitation for patients was the limited knowledge and awareness of pulmonary
rehabilitation among the physicians, technique, and equipment, which was supported by the literature, ie, that the
main barriers to referral to pulmonary rehabilitation are a lack of knowledge and facilities.”” Of course, a lack of
knowledge will not incite the physicians to request proper facilities from their hospital management and a lack of
facilities will not encourage physicians to take an interest in pulmonary rehabilitation. Therefore, training in pulmonary
rehabilitation should be standardized, and on-the-job training should be carried out so that continuing education in
pulmonary rehabilitation can be implemented in daily work. While earlier studies have shed light on the general
awareness and implementation of pulmonary rehabilitation among respiratory physicians, our investigation offers
a more comprehensive exploration by encompassing a diverse range of medical specialists. Unlike prior research that
predominantly centered on respiratory physicians,”’ our study uniquely incorporates perspectives from physicians in
departments directly related to pulmonary disease and departments generally related to pulmonary disease. This holistic
approach provides a richer understanding of the landscape of pulmonary rehabilitation awareness and its implementation
across varying medical fields. Additionally, the robust sample size of our study (n = 858) further reinforces the
significance and validity of our findings. Together, these aspects underscore our study’s unique positioning in contribut-
ing fresh insights to the existing body of evidence on this subject.

In the broader context of our findings, it’s crucial to consider the environmental milieu in which the surveyed
physicians operate. Urban healthcare settings, typically endowed with enhanced resources and access to contemporary
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medical practices, may inherently facilitate a physician’s exposure to pulmonary rehabilitation and its nuances.
Conversely, physicians in rural settings might grapple with limited access to advanced training or pulmonary rehabilita-
tion facilities.”> Notably, physicians embedded in specialized respiratory departments or tertiary care hospitals might
naturally possess a more refined perspective on pulmonary rehabilitation, attributed to their frequent interactions with
COPD patients and the interdisciplinary nature of such settings.”” Recognizing these environmental and cultural
disparities can aid in designing bespoke educational interventions, ensuring a holistic propagation of pulmonary
rehabilitation practices across varied healthcare terrains.

While our study has shed light on the knowledge gap among physicians, it is equally crucial to discern the underlying
barriers and facilitators that influence the actual implementation of pulmonary rehabilitation. Factors such as existing
healthcare infrastructure, availability of skilled professionals, socio-cultural attitudes towards rehabilitation, and eco-
nomic constraints play a pivotal role. On the other hand, facilitators might include successful case studies, patient
testimonials, increased awareness campaigns, and institutional support, which collectively bolster the advocacy for
pulmonary rehabilitation.*® In the evolving landscape of pulmonary care, the findings of our study underscore the
urgency to enhance the understanding and implementation of pulmonary rehabilitation among physicians. Central to this
transformative journey is the necessity for robust physician education and training modules that intricately weave the
principles and practices of pulmonary rehabilitation into the medical curriculum.?! Periodic workshops and continual
medical education sessions can serve as reinforcement tools, ensuring that physicians remain updated on the latest
methodologies and practices in pulmonary rehabilitation. Additionally, fostering a culture of interdisciplinary collabora-
tion becomes paramount.>? By bridging the knowledge gaps and encouraging synergies between physicians, physiothera-
pists, respiratory therapists, and other allied healthcare professionals, a comprehensive, patient-centric approach to
pulmonary rehabilitation can be realized. This holistic approach, however, warrants a robust policy and resource
backbone. Governments and healthcare institutions must invest judiciously in infrastructure, policies, and training
programs that prioritize pulmonary rehabilitation.”' Such endeavors, while resource-intensive, pave the way for
a healthcare paradigm that is truly responsive to the needs of patients with pulmonary conditions, ensuring their
improved quality of life and healthcare outcomes.

This study had limitations. Although the questionnaire was designed and revised by experts, it was not formally
validated. Although the sample size was large, it represents only a fraction of the physicians involved in pulmonary
disease management in China, and only a few geographical regions were covered. A further larger-scale cross-sectional
study is warranted to verify the findings of this study.

Conclusion

Inadequate knowledge of pulmonary rehabilitation is evident among physicians involved in pulmonary disease manage-
ment in China. Besides the self-perception and formal theoretical knowledge, understanding referral systems and access
to pulmonary rehabilitation programs play a pivotal role. This underscores the need for more comprehensive and

standardized training to bolster their awareness and effective utilization of pulmonary rehabilitation.
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