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Abstract 

Background:  It is estimated that there are over 16.8 million rare disease patients in China, representing a significant 
challenge for the healthcare system and society. Rare disease patients often experience delayed diagnosis, misdiagno-
sis, or improper treatment, which may be due to the lack of rare disease awareness among physicians.

Materials and methods:  A total of 224 physicians from different hospitals in China participated in the questionnaire, 
and 9 rare disease experts were interviewed with open-ended questions.

Results:  Most physicians (83.5%) were from Tertiary hospitals, which have over 500 beds. Only 5.3% of physicians 
were moderately or well aware of rare diseases. Most physicians (80.1%) had suspected their patients to have rare dis-
eases less than 3 times. There was a strong support for special legislations for rare diseases and orphan drugs. Further, 
multinomial logistic regression (MLR) was used to determine whether hospitals, gender, and career length has an 
impact on perspectives and awareness. It was shown that male physicians were more likely to think newborn screen-
ing is important (p < 0.05). The longer the career length is, the more likely physicians believe that their previous educa-
tion has not provided sufficient information about rare diseases and that their hospital has paid enough attention to 
rare diseases. Physicians from Tertiary A hospitals were more likely to rate the affordability of orphan drugs high. In 
addition, nine experts believed that rare disease awareness is essential for early diagnosis and timely treatment. These 
experts also made recommendations on how to improve rare disease awareness through medical school education 
and continuing training.

Conclusions:  Our study highlighted the importance of improving rare disease awareness among physicians in China. 
Recommendations about how to improve rare disease awareness in medical school education and establish an 
online ‘information hub’ are made for considerations of policy-makers.
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Background
It is estimated that there at least 16.8 million rare disease 
(by definition of Orphanet) patients in China, represent-
ing a significant challenge for the healthcare system that 

should not be neglected. In addition to the disease bur-
den, rare disease patients often face the lack of treatment 
options, financial burden, and psychological stress [1]. 
Moreover, rare disease patients often experience delayed 
diagnosis: 5–6 years and 3–10 different physicians before 
a diagnosis [2–4]. Previous studies showed that approxi-
mately 30% of patients and families attributed delayed 
diagnosis to the lack of rare disease awareness and 
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knowledge among physicians, as well as the limited avail-
ability of genetic testing [2, 3, 5]. Disease heterogeneity, 
variable presentation, and the lack of genetic data of rare 
diseases also contribute to difficulty in diagnosing rare 
diseases in China. As shown in a previous study, 78.8% 
of rare disease patients believed that they did not receive 
proper care due to the lack of rare disease awareness and 
knowledge among physicians [6].

The Chinese healthcare system consists of public and 
private hospitals and insurance programs. Although 
95% of the population has basic health insurance cover-
age, public health insurance usually only covers approxi-
mately 50% of the medical cost, even less for serious or 
chronic conditions [7]. There are no national policies 
for rare diseases, and there also lacks national policies 
regarding newborn screening [8]. Although newborn 
screening has undergone a rapid development, it is still 
a great challenge to increase coverage and expand dis-
ease panel across the whole country [9]. Partially due to 
efforts of many patient organizations, rare disease aware-
ness in China increased significantly [10]. Further, China 
released its first official list of 121 rare diseases in 2018, 
representing an initial and essential step. As a result, in 
recent years, there are more policies or initiatives aim-
ing to support orphan drug development and accelerate 
evaluation and registration of orphan drugs. In summary, 
while there lacks policies and laws at the national level 
in China, there has been increased attention to rare dis-
eases. In this study, we investigated rare disease aware-
ness and perspectives among physicians and experts in 
China. The results generated will provide a basis for rel-
evant departments to issue relevant policies, and provide 
reference for medical research and development.

Results
Questionnarie of physicians
A total of 1,802 physicians were contacted, and 224 
(12.4% response rate) physicians participated in this 
study. The demographic information of these physicians 
is summarized in Table  1. Notably, it is difficult to esti-
mate potential bias because information about physicians 
who decline to participate in this study and the general 
population of Chinese physicians is not available. How-
ever, the participants may represent a group of Chinese 
physicians who is more likely to have better rare disease 
awareness because the social media accounts and web-
sites used to enroll participants have regular coverage of 
rare diseases.

Out of 224 physicians, 104 (46.4%) were male and 
120 (53.6%) are female while 132 (58.9%) were between 
30 and 45. Hospitals in China are organized according 
to a 3-tier system that recognizes a hospital’s ability to 
provide medical care, medical education, and conduct 

medical research. Based on this, hospitals are designated 
as Primary (< 100 beds), Secondary (100–500 beds), or 
Tertiary institutions (> 500 beds). Further, based on the 
level of service provision, size, medical technology, medi-
cal equipment, and management and medical quality, 
these 3 grades are further subdivided into 3 subsidiary 
levels: A, B and C. Out of 224 physicians, 163 (72.8%) 
were from Tertiary A (the highest level). Out of 222 
physicians responded, 81 (36.5%) practiced between 5 
and 15  years, and 71 (32.0%) practiced between 16 and 
30 years.

Table 1  Demographic information of participants of the 
questionnaire for physicians

Only specialties with more than 4 participants were shown. Hospitals in China 
are organized into a 3-tier system: Primary (< 100 beds), Secondary (100–500 
beds), or Tertiary institutions (> 500 beds). Moreover, based on size, medical 
equipment, medical technology, management, service provision, and medical 
quality, each tier are further divided into 3 levels: A, B and C. The category of 
other in specialty includes those with less than 5 participants, e.g., Chinese 
medicine, toxicology, dental, respiratory, molecular diagnostics, rehabilitation, 
urgent care, pathology, reproduction, otorhinolaryngology, ophthalmology, 
psychiatry, geriatrics, occupational diseases, endocrinology, pharmacology, 
public health, and anesthesiology

Gender Male (n = 104, 46.4%)

Female (n = 120, 53.6%)

Age (years)  < 30 (n = 34, 15.2%)

30–45 (n = 132, 58.9%)

46–60 (n = 52, 23.2%)

 > 60 (n = 6, 2.7%)

Hospital Tertiary A (n = 163, 72.8%)

Tertiary B (n = 16, 7.1%)

Tertiary C (n = 8, 3.6%)

Secondary A (n = 22, 9.8%)

Secondary B (n = 1, 0.4%)

Primary A (n = 4, 1.8%)

Primary B (n = 4, 1.8%)

Career length (years)  < 5 (n = 49, 22.1%)

5–15 (n = 81, 36.5%)

16–30 (n = 71, 32.0%)

 > 30 (n = 21, 9.5%)

Specialty Pediatrics (n = 13, 6.3%)

Radiology (n = 22, 10.6%)

Surgery (n = 18, 8.7%)

Orthopedics (n = 10, 4.8%)

Internal Medicine (n = 10, 4.8%)

Dermatology (n = 10, 4.8%)

Cardiology (n = 9, 4.3%)

Nephrology (n = 5, 2.4%)

Neurology (n = 5, 2.4%)

Obstetrics and Gynecology (n = 8, 3.9%)

Oncology (n = 9, 3.9%)

Other (n = 88, 42.5%)
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As to self-evaluated level of rare disease awareness, 
only 11 (4.9%) ‘moderately aware of ’ rare diseases, and 
1 (0.4%) ‘well aware of ’ rare diseases. On the question 
‘Have you ever suspected that a patient suffered from a 
rare disease?’, only 44 (19.9%) chose ‘over three times’. 
Out of 220 respondents, only 20 (9.1%) thought over 10% 
of their patients had rare diseases. Out of 218 respond-
ents, 203 physicians (93.1%) thought rare disease patients 
were more difficult to manage. Out of 221 respondents, 
133 thought their hospitals had not paid enough atten-
tion to rare disease patients. Out of 222 respondents, 119 
(53.6%) physicians encountered one to five types of rare 
diseases. Out of 182 respondents, 89 physicians (48.9%) 
had no rare disease patients in the past year. Out of 177 
respondents, 112 physicians (63.3%) had not treated any 
rare disease patients. Out of 222 respondents, 131 phy-
sicians (59%) ‘strongly’ supported special legislations for 
rare diseases, and 84 (37.8%) ‘moderately’ supported. 
These results highlighted the urgent need and wide sup-
port for special legislations for rare diseases. Out of 219 
respondents, 126 physicians (57.5%) ‘strongly’ supported 
special legislations for orphan drugs, and 80 (36.5%) 
‘moderately’ supported. Out of 222 respondents, only 
8 (3.6%) thought that the Basic Medical Insurance Sys-
tems for Urban and Rural Residents is sufficient, and 4 
(1.8%) suggested special subsidies from the government 
(Fig. 1a). Out of 222 respondents, only 3 (1.4%) rated it 

as ‘not that important’ (Fig. 1b). Out of 216 respondents, 
107 physicians (49.5%) rated the availability of orphan 
drugs as ‘moderate’ (Fig.  1c). As to the affordability of 
orphan drugs, only 14 (6.4%) and 19 (8.7%) selected ‘very 
good’ and ‘good’, respectively. Out of 222 respondents, 
195 (87.8%) selected ‘yes’ to the question ‘do you need 
information about rare diseases?’ As to the question ‘does 
your previous education and training provide sufficient 
information about rare diseases?’, out of 222 respondents, 
only 45 (20.3%) and 15 (6.8%) selected ‘very useful’ and 
‘sufficient’, respectively.

As to organizations of rare disease patients, 96 physi-
cians heard about China-Dolls Center for Rare Disorders, 
a non-government organization established in 2008 for 
patients with osteogenesis imperfecta. Forty-nine physi-
cians heard about the Seven Pansy Rare Diseases Com-
munity, a national organization in China dedicated to 
raise rare disease awareness and provide scientific infor-
mation and support. As shown in Fig.  2a, international 
sources, e.g., NORD (10.7%), Orphanet (11.6%), Global 
Genes (8.5%), EURORDIS (4.5%), were not as well-known 
in China. As to ‘What kind of information do you need?’, 
186 respondents (83.0%) chose ‘diagnosis’, 167 (74.6%) for 
both ‘screening’ and ‘treatment’ (Fig.  2b). Interestingly, 
106 out of 220 respondents (48.1%) only wanted to know 
information about rare diseases that can be possibly 
cured. As to the information source, 163 (72.8%) selected 

Fig.1  Attitude of physicians towards orphan drugs, medical insurance, and newborn screening
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academic conferences, 152 (67.9%) chose the internet, 
141 (62.9%) selected medical school education (Fig. 2c). 
Interestingly, only 61 (27.2%) selected patients, and 46 
(20.5%) selected patient organizations.

Multinomial logistic regression (MLR) was used to 
determine whether hospitals, gender, and career length 
has an impact on perspectives and awareness (results 
summarized in Table  2). As to rare disease awareness, 
although age is better predictor with an Akaike infor-
mation criterion (AIC) value of 456.604, no factors had 
a significant impact. This may be because few physicians 

were moderately or well aware of rare diseases, which 
would affect assumptions of MLR. As to Q11 (does your 
hospital pay enough attention to rare disease patients?), 
only career length has a significant impact with an AIC 
value of 289.4388, and p value of 0.0009. The longer their 
career length is, the more likely physicians have a positive 
response. As to Q12 (how many rare disease patients have 
you met?), gender has significant impact (AIC = 491.425, 
p = 0.02). Specifically, compared to ‘ > 10’, female physi-
cians were more likely to respond ‘none’. As to Q13 (do 
you support special legislation for rare diseases?), no 

Fig.2  Information needs of physicians. a Patient organizations that physicians had heard of. b Information needs of physicians. c The preferred 
information  source of physicians

Table 2  Impact of demographic information on rare disease awareness and perspectives

First, in Q4, hospitals were initially categorized into 9, and 72.8% of physicians were in the Tertiary A hospitals. Therefore, hospitals were re-categorized into Tertiary 
A and non-Tertiary A hospitals to ensure that each category has sufficient samples. Then, age and career length were correlated (R2 = 0.79). To avoid collinearity, 
only gender, hospital, and career length were analyzed as independent variables. Rare disease awareness and perspectives (listed in column 1) were analyzed as 
dependent variables. Then, a MLR analysis was performed with R. Akaike information criterion, AIC

Rare disease awareness No factors with statistical significance

Does your hospital pay enough attention to rare disease patients? Career length (AIC = 289.4388, p = 0.0009

The longer their career length was, the more likely physicians had a positive 
response

How many rare disease patients have you met? Gender (AIC = 491.425, p = 0.02)

Compared to ‘ > 10’, female physicians were more likely to respond ‘none’

Do you support special legislation for rare diseases? No factors with statistical significance

Do you support special legislation of orphan drugs? No factors with statistical significance

Perspectives on medical insurance No factors with statistical significance

Availability of orphan drugs No factors with statistical significance

Do you need rare disease information? No factors with statistical significance

Affordability of orphan drugs Hospital (AIC = 570.3079, p = 0.017)

Physicians from Tertiary A hospitals were more likely to rate the affordability 
of orphan drugs high

Perspectives on newborn screening (AIC = 442.2492, p < 0.05) Gender (AIC = 442.2492, p < 0.05)

Female physicians were less likely to believe newborn screening to be 
important

Does your previous education and training provide sufficient information 
about rare diseases?

Career length (AIC = 612.4972, p < 0.05)

The longer the career length was, the less likely they believe previous 
education to be useful

Do you only want information about rare diseases that can be possibly 
cured?

Career length (AIC = 290.00995, p < 0.01)

Physicians with less than 5 years or over 30 years of experience were more 
likely to respond positively, while physicians with 5–30 years of experi-
ence had no preference
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factors had a significant impact. Similarly, no factors had 
a significant impact on Q16 (do you support special leg-
islations of orphan drugs?), Q17 (perspectives on medi-
cal insurance), Q18 (the availability of orphan drugs), and 
Q21 (do you need rare disease information?). Interest-
ingly, hospitals had a significant impact on Q19 (afforda-
bility of orphan drugs) with an AIC value of 570.3079 and 
a p value of 0.017. Physicians from Tertiary A hospitals 
were more likely to rate the affordability of orphan drugs 
high. This may be explained by the fact that Tertiary A 
hospitals had more resources and insurance subsidies 
from the government. As to perspectives on newborn 
screening (Q20), gender and career length had signifi-
cant impact (AIC = 442.2492, p < 0.05). Female physicians 
were less likely to think newborn screening is important. 
Notably, very few respondents believed newborn screen-
ing to be useless, which may affect assumptions of MLR. 
As to Q22 (does your previous education and train-
ing provide sufficient information about rare diseases?), 
career length was a good predictor (AIC = 612.4972, 
p < 0.05). The longer the career length is, the less likely 
they believe previous education to be useful. This may 
be explained by the fact that the amount of information 
about rare diseases in medical school education and job 
training had gradually increased over time. As to Q25 (do 
you only want information about rare diseases that can 
be possibly cured?), career length was also a good predic-
tor (AIC = 290.00995, p < 0.01). Interestingly physicians 
with less than 5 years or over 30 years of experience were 
more likely to respond positively, while physicians with 
5–30 years of experience had no preference.

Interviews of rare disease experts
A total of 9 experts in the field of rare diseases were inter-
viewed with exploratory questions. Notably, all of these 
experts were from Tertiary A hospitals located in big cit-
ies, such Beijing, Shanghai and Chengdu. As to how rare 
disease awareness facilitates fast and accurate diagnosis, 
most experts (7/9, 77.8%) agreed that such an awareness 
will point physicians to the right direction and then with 
additional information they may be able to reach a diag-
nosis. All experts agreed that physicians generally lacked 
the rare disease awareness, which was a major reason of 
misdiagnosis. Three experts (33.3%) suggested to estab-
lish a rare disease referral hub in each hospital, which 
collects potential rare disease patients and refer them to 
larger hospitals.

All experts believed that current medical school edu-
cation had not provided enough information about rare 
diseases. Five experts (55.6%) recommended that in 
medical school education and continuing training, top-
ics about a specific type of pathology and related com-
mon diseases should also mention potential related rare 

diseases. Also, case studies of the diagnosis pathway of a 
rare disease were suggested by seven experts. All experts 
believed that it would not be practical to include each 
rare disease in medical school education or continuing 
medical education. Therefore, the consensus is to adopt 
a method based on principles and organization of knowl-
edge. Instead of solely teaching students the knowledge of 
rare diseases, more focus should be put on the ability to 
exclude common diseases and collect relevant informa-
tion for diagnosis, as well as the knowledge of how to find 
information about treatment options upon diagnosis.

As to information sources of rare diseases, seven 
experts listed medical literature as the major source. 
Alternative sources included academic conferences, the 
internet, and patients. Interestingly, all experts men-
tioned the concept of ‘learning from the patients’, while 
only 20.7% of physicians listed patients as their informa-
tion source in the questionnaire. These experts believed 
that rare disease patients were extremely active in learn-
ing about their conditions and scientific breakthroughs 
in the field, and thus sometimes could teach physicians 
much. One expert mentioned the experience of one 
patient explaining the relative strength and weakness of 
AAV gene therapy versus gene editing for Pompe dis-
ease. In general, these experts believed that current 
information source is not comprehensive and mainly tar-
gets experts instead of front line physicians. Six experts 
(66.7%) expressed that an ideal information source would 
be a search engine that one can submit symptoms and 
test results, and obtain possible diseases and treatment 
options in return. The output could also be recommen-
dations on additional tests and evidence one should look 
for. Contact information of potential experts or hospitals 
for referral would be beneficial as well. Another feature of 
this search engine is a review system that other users can 
upvote, downvote, and comment on the output so that it 
can be optimized. Additionally, the search engine should 
be fully accessible to at least physicians with or without a 
cost.

All experts expressed the concern for the high cost of 
orphan drugs, especially gene therapy. Nevertheless, all of 
them acknowledged the cost involved for developing and 
manufacturing an orphan drug. All experts believed that 
legislation of an orphan drug act in China will remark-
ably accelerate orphan drug development and potentially 
lower the cost. Similar to the 224 physicians in the ques-
tionnaire, most experts (7/9, 77.8%) believed that a spe-
cial rare disease insurance program would be the best 
option. One expert mentioned the Orphan Reinsurer and 
Benefit Manager (ORBM), a program being proposed in 
the United States to address the ultra-high cost of orphan 
drugs. Under the ORBM, payment is carved out by the 
primary insurer, which may be vulnerable to financial 
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challenges of orphan drugs. ORBM aims to address the 
issue of payment timing, therapeutic performance risk, 
and actuarial risk [11].

Experts also commented on the biggest challenge when 
handling rare disease patients. One common issue is the 
lack of rare disease awareness among patients, families, 
and many frontline physicians. Symptoms of many rare 
diseases are non-obvious and even difficult to explain, 
which are thus often ignored, resulting in significant 
delay in diagnosis and management. Another difficulty 
is the lack of reliable, up-to-date, and accessible informa-
tion source. Most experts (8/9, 88.9%) believed that the 
language barrier creates much challenge while physicians 
searching for relevant information. Although interna-
tional organizations, such as Orphanet, NORD, estab-
lished systems of reliable and comprehensive information 
about rare diseases, it is not readily accessible for Chinese 
physicians, most of whom do not speak English. Further, 
although only 19% of physicians the questionnaire rated 
the availability of orphan drugs as ‘poor’ or ‘very poor’, all 
experts expressed the concern over the lack of treatment 
options. As to the discrepancy, seven experts believed 
that it was because ‘most physicians do not know the 
existence of orphan drugs in Western countries’.

Discussion
Only 12 (5.3%) ‘moderately or well aware of ’ rare dis-
eases. A previous study in Spain showed that 15% of 
physicians have a good knowledge about rare diseases 
[12], significantly better than a total of 5.3% in this study. 
These results indicated a significant lack of awareness of 
rare diseases among physicians in China. Considering 
the fact that most physicians were from Tertiary hos-
pitals with > 500 beds and located in big cities, the rare 
disease awareness among average physicians in China 
would be even worse. The combined total of physicians 
who encountered rare disease patients at least once was 
83.3%, similar to the number among physicians in Spain 
(90%) [13]. Out of 222 respondents, 195 (87.8%) selected 
believed that they needed information about rare dis-
eases, similar to a previous study in Belgium (83–97%) 
[14]. International information sources, e.g., NORD, 
Orphanet, and Global Genes, were not well-known in 
China. It was shown that among pediatricians in Aus-
tralia, the percentage of awareness of Orphanet, NORD, 
and EURORDIS was 50%, 35%, and 21%, respectively 
[15]. This discrepancy may be partly due to the language 
barrier.

In the interviews, some experts suggested to establish a 
rare disease referral hub in each hospital, which collects 
potential rare disease patients and refer them to larger 
hospitals. The majority of Chinese population do not live 
in big cities that have large hospitals and experts. Also, 

it is unrealistic to provide comprehensive rare disease 
information to all physicians in smaller hospitals. Such 
a rare disease referral hub is not expected to incur sig-
nificant burden to hospitals, therefore, it is feasible and 
should significantly help the diagnosis and treatment of 
rare diseases. All experts believed that current medi-
cal school education had not provided enough informa-
tion about rare diseases. The French National Plan for 
Rare Diseases stipulated that medical school curricu-
lum should include education in rare diseases [16]. Such 
stipulations do not exist in China, but all experts recom-
mended inclusion of rare disease topics in medical school 
curriculum. All experts expressed the concern for the 
high cost of orphan drugs, especially gene therapy. Nev-
ertheless, all of them acknowledged the cost involved for 
developing and manufacturing an orphan drug. In 1983, 
the United States passed the Orphan Drug Act, which 
provide tax incentives, enhanced patent protection and 
marketing right, and clinical research subsidies to phar-
maceutical companies that develop orphan drugs. The 
number of orphan drugs significantly from 38 before 
1983 to over 600 in 2019. Many other countries and dis-
tricts pass similar laws to stimulate orphan drug develop-
ment. All experts believed that legislation of an orphan 
drug act in China will remarkably accelerate orphan drug 
development and potentially lower the cost.

At present, there are more than 7,000 rare diseases 
known in the world, of which only 5% are medicated; 
among the 350 million rare disease patients in the 
world, there are estimated to be 16.8 million rare disease 
patients in China [17]. However, due to insufficient dis-
ease awareness and lack of effective treatment options, 
patients with rare diseases have long faced the dilemma 
of low diagnosis and treatment rates. It is urgent to popu-
larize disease knowledge and improve the level of diag-
nosis and treatment of rare diseases [18]. Due to the 
extremely low prevalence and incidence, the small num-
ber of patients, and the scattered population of patients, 
most rare diseases require multidisciplinary, interdisci-
plinary clinical experts and medical genetic experts only 
through collaboration can accurate diagnosis and treat-
ment be achieved [19]. Thus, empowering physicians is a 
huge project that requires more support and help from 
government departments and all walks of life. Major 
hospitals should establish regular rare disease diagnosis 
expert teams and formulate scientific and effective train-
ing plans so that doctors will no longer have nothing to 
do with rare diseases.

The establishment of a rare disease registration plat-
form can form a rare disease knowledge base, realize 
multi-level sharing of rare disease data, reduce the time 
for physicians to diagnose, and improve the accuracy of 
diagnosis [20]. At the same time, the establishment of 
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the system is conducive to the formation of unified rare 
disease registration technical standards and norms, unit-
ing superior units to form a collaborative network of rare 
diseases, carrying out rare disease registration research 
nationwide, and establishing a rare disease direct report-
ing system [21]. The establishment of a new genetic coun-
seling system will also help patients with rare diseases 
find and diagnose them as soon as possible. Previous 
report has pointed out that about 80% of rare diseases 
are genetic, which means that most undiagnosed patients 
need to consult a medical geneticist to shorten the diag-
nosis time [21]. Through the establishment of pre-diag-
nosis centers in genetic clinics or information collection 
and remote consultation for patients in rural and remote 
areas, patients can quickly and effectively obtain genetic 
diagnosis and consultation. At the same time, genetic 
diagnosis and consultation also require multidisciplinary 
and interdisciplinary clinical experts. According to indus-
try insiders, my country currently lacks medical talents 
with multidisciplinary development. Training genetic 
counselors can solve the problems caused by the shortage 
of talents in this area [22]. In addition, applying in silico 
tools for genotype–phenotype correlation has the poten-
tial to significantly help diagnosis and prognosis [23].

In China, due to the imbalance of medical information 
and resources, the many basic medical needs of patients 
with rare diseases urgently need to be met. It is even 
more necessary to rely on the help of patient organiza-
tions to provide a patient in seeking medical advice, 
knowledge popularization, patient care, and rehabilita-
tion support. A platform for communication and voice, 
appealing to all sectors of society to pay attention to and 
support the group of patients with rare diseases.

Conclusions
These results highlight the importance of improv-
ing rare disease awareness among physicians in China. 
Recommendations about how to improve rare disease 
awareness in medical school education and establish an 
online ‘information hub’ are made for considerations of 
policy-makers.

Methods
Study design and participant enrollment
In January 2020, our group in cooperation with Seven-
Pansy Rare Disease Community, Guangzhou Medical 
University, and Shenzhen University, invited physicians 
for a questionnaire and rare disease experts for inter-
views. Physicians were invited through social media, 
websites, or newsletters. All questionnaires were 
completed between March to April 2020. Rare dis-
ease experts were invited for an interview through 
Seven-Pansy Rare Disease Community, a national rare 

disease organization in Shanghai. All interviews were 
conducted over the phone between April to May 2020. 
The interviews were audio recorded with the interview-
ees’ permission and transcribed verbatim for further 
analysis. The questionnaire and open-ended questions 
for interviews were included in the supplementary 
materials.

Ethics, consent, and permission
The study was approved by the Institutional Ethics Com-
mittee of Guangzhou Medical University. The study was 
approved by the Institutional Ethics Committee of the 
Guangzhou Medical University, China. A questionnaire 
and a list of open-ended questions for interviews were 
designed in Chinese. Potential participants were invited 
to participate in this study, and only those who signed 
the informed consent participated in this study. All the 
participants acknowledged: (1) the sponsor of the study; 
(2) the objectives of the study; (3) the affiliation of the 
investigators; (4) that they can decline to answer any of 
the questions; (5) that the information collected will only 
be used for academic research; (6) that they can quit the 
study at any time; (7) that the results will be published in 
a scientific journal without seeking their approval of the 
manuscript; (8) that they will participate in this study 
anonymously; and (9) that they will not be paid for par-
ticipating in this study.

Data analysis
To identify parameters that have impact on rare disease 
awareness and perspectives, the correlation between 
Q1-6 and Q7-15 were analyzed. First, in Q4, hospitals 
were categorized into 9, and 72.8% of physicians were 
in the Tertiary A hospitals. Therefore, hospitals were re-
categorized into Tertiary A and non-Tertiary A hospi-
tals to ensure that each category has sufficient samples. 
Then, age (Q3) and career length (Q5) was correlated 
(R2 = 0.79). To avoid collinearity, only gender (Q2), hos-
pital (Q4), and career length (Q5) were included for 
analysis. In summary, gender, hospital, and career length 
were defined as independent variables, while rare disease 
awareness and perspectives were analyzed as depend-
ent variables. R was used to analyze data, p value < 0.05 
(two-tailed tests) was used to denote statistical signifi-
cance. Multinomial logistic regression was used to deter-
mine parameters that have an impact on awareness and 
perspectives.
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