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Abstract

Background Genetic testing can facilitate the diagnosis and subsequent therapeutic management of rare diseases.
However, there is a lack of data on the use of genetic testing for rare diseases. This study aims to describe the
utilization rate and troubles encountered by clinicians in treating rare diseases with genetic testing.

Methods A cross-sectional electronic questionnaire survey was conducted between June and October 2022
among the medical staff from the hospitals covering all provinces, municipalities, and autonomous regions of China.
The survey on genetic testing focused on whether genetic testing was used in the diagnosis and treatment of rare
diseases, the specific methods of genetic testing, and the problems encountered when using genetic testing.

Results A total of 20,132 physicians who had treated rare diseases were included, of whom 35.5% were from the
central region, 36.7% were from the eastern region, and 27.8% were from the western region. The total utilization rate
of genetic testing for rare diseases was 76.0% (95%Cl: 75.4-76.6). The use of genetic testing was highest in the Eastern
region (79.2% [95% Cl: 78.3-80.1]), followed by the Central (75.9% [95% Cl: 74.9-76.9]) and Western regions (71.9%
[95% Cl: 70.7-73.1]). More than 90% (94.1% [95%Cl: 93.4-94.8]) of pediatricians had used genetic testing to treat rare
diseases, with surgeons having the lowest use of genetic testing (58.3% [95% Cl: 56.6-60.0]). Physicians’departments
and education levels affect the use of genetic testing. Most physicians have used a variety of genetic tests in the
management of rare diseases, the most popular methods were “Whole-exome sequencing (Proband)”and “Whole-
exome sequencing (families of three or more)”. Doctors have encountered many problems with the use of genetic
testing in the diagnosis and treatment of rare diseases, among which the high price was the main concern of medical
workers.

Conclusion Three-quarters of physicians used genetic testing in rare disease practice, and there were regional
differences in the use of genetic testing. Recognition of the utilization of genetic testing can help identify patterns
of resource utilization in different regions and provide a more comprehensive picture of the epidemiology of rare
diseases in jurisdictions.
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Background

Rare diseases are a general term for a group of diseases
with extremely low incidence and prevalence, and there
are more than 7,000 known rare diseases [1] in the world.
Despite the low prevalence, patients with rare diseases
are not “rare” due to a large number of diseases, and
there are approximately 300 million patients with rare
diseases worldwide [2] currently. As a global problem
[3], statistics show that 80% of rare diseases are caused
by genetic factors, 50% develop in childhood and 30% of
affected children die within five years of age [2]. Since
rare diseases are mostly hereditary and caused by genetic
defects, genetic testing has become an important tool [4,
5] for the diagnosis and prevention of rare diseases. A
screening result for the infant with suspected monogenic
disorders [6] showed that genetic testing accurately diag-
nosed 57.5% of patients, much higher than the accuracy
rate of routine diagnostic methods (13.75%).

Accurate genetic testing facilitates not only the diag-
nosis of genetic disorders but also the subsequent treat-
ment and management of rare diseases [7, 8]. A previous
retrospective study of genetic testing for the diagnosis of
critically ill infants showed that 65% of patients reported
instant clinical value of the diagnosis, 20% received a
diagnosis with strongly favorable effects on disease man-
agement, and 30% started palliative care [9, 10]. While
the clinical practice has shown that genetic testing is not
preferred for the diagnosis of genetic disorders and is
only considered when other tests fail to confirm the diag-
nosis. In addition, genetic testing is expensive and access
to genetic testing is unequal [11-13] across geographic
regions. A cross-sectional survey of access to genetic
testing for patients with ataxia and hereditary spastic
paralysis (a rare neurological disease) in 21 EU countries
[14] showed that 47.6% (10/21) of the countries had some
difficulties in accessing genetic testing (the main problem
was financial factors).

Clarifying the use of genetic testing in rare diseases can
help rationalize the allocation of healthcare resources and
improve the diagnosis and treatment of rare diseases [15].
However, there is a lack of data on the utilization rate of
genetic testing for rare diseases, and whether there are
differences in the use of genetic testing between regions
of different economic levels has not yet been reported
[16]. In addition, some studies with small samples of
a few dozen cases have shown that doctors encounter
many problems such as being " unable to understand the
results of genetic test reports’, and “not understand the
application scope of genetic testing” [16, 17], but whether
these studies are representative of the general problem
among doctors is unknown.

Therefore, this study surveyed whether there were dif-
ferences in the utilization rate and troubles encountered
by doctors in the diagnosis and treatment of rare diseases
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in different regions with different economic levels. The
aim of this study is to describe the use of genetic test-
ing for rare diseases among clinicians and to provide a
basis for the rational provision and allocation of medical
resources for rare diseases in the future.

Methods

Study design

This study is a national cross-sectional survey. From June
and October 2022, a baseline electronic survey was con-
ducted among medical staff in the China collaboration
network [18]. The collaboration network [18] was formed
in 2019 by hundreds of hospitals with strong rare disease
diagnosis and treatment capabilities and a high number
of rare disease cases across China [18, 19], covering all
provinces, municipalities, and autonomous regions, tak-
ing into account hospitals of different economic levels,
with the aim of strengthening the management of rare
diseases and improving the diagnosis and treatment of
rare diseases.

A total of 21,323 individuals who had been treating rare
diseases were included in this study. Six were excluded
due to missing key information, resulting in the inclu-
sion of 21,317 healthcare workers. This study aimed to
describe the use and trouble of genetic testing among
physicians in the diagnosis of rare diseases, so 1,185
individuals from functional or other non-clinical depart-
ments were excluded, resulting in the inclusion of 20,132
physicians for analysis.

Questionnarie and data collection

The structure and items of the questionnaire designing
using literature review and expert consultation. The dis-
tribution of questionnaires mainly relied on the China
Alliance for Rare Diseases. All clinicians could fill in the
electronic questionnaire by scanning the two-dimen-
sional code on the official website via their mobile phones
or computers, and the unique identifier of each question-
naire was confirmed by the hospital department and the
name abbreviation of the physician. And all participating
physicians were deidentified to preserve the anonymity of
the questionnaire. Any questions that clinicians may have
about the questionnaire could be answered by consulting
the researcher online.

The contents of the survey included the province, hos-
pital, education, title, length of service, and department
in which they worked. This study divided the geographi-
cal area into the eastern, central, and western regions
according to the provinces where the doctors worked;
the education levels were divided into bachelor’s degree
or below, master’s degree and doctor’s degree; the pro-
fessional titles were divided into the resident physician,
attending physician, associate chief physician, and chief
physician; the department was classified as pediatrics,
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surgical, non-surgical, diagnosis-related; and the length
of service was classified as <5 years, 6-10 years, 11-20
years, 21-30 years and >30 years.

The questionnaire on the diagnosis and treatment
of rare diseases was mainly concerned with whether
there had been any previous experience in diagnosing
or treating rare diseases. The definition of rare diseases
was mainly derived from the First List of Rare Diseases
[20] and rare diseases identified in previous literature
or databases. The First List of Rare Diseases was jointly
published by five national departments, including the
National Health Commission, the Ministry of Science
and Technology, the Ministry of Industry, and others,
and includes 121 rare diseases.

The section on genetic testing in the questionnaire
included whether genetic testing had been used in the
diagnosis and treatment of rare diseases, the specific
method of genetic testing (“Chromosomal microarray
analysis’, “Whole-exome sequencing (Proband)’;, “Whole-
exome sequencing (families of three or more)’, etc.) and
problems with the use of genetic testing (“ Genetic test-
ing is too expensive. “, “Do not understand the applica-
tion scope of genetic testing” “The genetic testing results
are too extensive to confirm key test results that aid diag-
nosis. etc.).

Statistical analysis

All results of this study were analyzed according to sub-
groups in the central, eastern, and western regions of
China. Quantitative data were described by mean and
standard deviation, and differences between groups were
analyzed by analysis of variance. The qualitative data were
described by frequency and percentage, and the differ-
ences between groups were compared by the chi-square
test. As the main objective of this study was to describe
the use of genetic testing by physicians in the diagnosis
and treatment of rare diseases, the use of genetic testing
was described using 95% confidence intervals (CI). Phy-
sician characteristics regarding influences on the use of
genetic testing were analyzed using multifactorial logis-
tic regression, with results presented using odds ratios
(ORs) and 95% CI. All data were cleaned and analyzed
with the use of SAS 9.4 software, and two-sided valida-
tion was performed by two people. P<0.05 was consid-
ered statistically significant.

Results

A total of 20,132 physicians who had treated rare diseases
were included, of whom 35.5% were from the central
region, 36.7% were from the eastern region, and 27.8%
were from the western region. Among the interviewed
physicians, 21.9% came from pediatrics, 16.1% from sur-
gical departments, 59.4% from non-surgical departments,
and 2.6% from diagnosis-related departments. The junior
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title accounted for 14.3%, the intermediate title for 35.5%,
the associate senior title for 28.3%, and the senior title for
21.9%. Nearly 70% of the respondents had graduate edu-
cation or above, and more than 80% had worked for more
than 5 years. There were significant differences (P <0.001)
in the departments, professional titles, education levels,
and length of service of the interviewed doctors in differ-
ent regions (Table 1).

The total utilization rate of genetic testing for rare dis-
eases was 76.0% (95%CI: 75.4—76.6). The use of genetic
testing was highest in the Eastern region (79.2% [95%
CI: 78.3-80.1]), followed by the Central (75.9% [95% CI:
74.9-76.9]) and Western regions (71.9% [95% CI: 70.7—
73.1]) (Fig. 1). More than 90% (94.1% [95%CI: 93.4—94.8])
of pediatricians had used genetic testing to treat rare
diseases, and surgeons had the lowest utilization rate of
genetic testing (58.3% [95%ClL: 56.6—-60.0]). There was
an upward trend in the use of genetic testing as doctor
titles increased (Py,,q =0.033), but the trend was not sta-
tistically significant in the central and eastern regions.
The higher the education level of doctors, the higher the
utilization rate of genetic testing in the treatment of rare
diseases (P,.,q <0.001), which was consistent across dif-
ferent regions. The use of genetic testing in the diagno-
sis of rare diseases did not increase with the years of the
doctors’ experience (Py,.,q =0.537) (Table 2).

After adjusting for multiple factors, the department
and education level of the physicians influenced the use
of genetic testing. Physicians in pediatrics, non-surgical
departments, and diagnostic-related departments had a
stronger association with genetic testing in the diagnosis
of rare diseases compared to surgical departments. Phy-
sicians with master’s degrees and doctoral degrees were
more strongly associated with the use of genetic testing
in the diagnosis of rare diseases than physicians with
undergraduate degrees (Table 3).

Of the 15,296 physicians who used genetic testing
to manage rare diseases, more than half used “Whole-
exome sequencing (Proband)” and “Whole-exome
sequencing (families of three or more) testing tech-
niques. “Chromosomal Microarray analysis” was used
by relatively few physicians (Fig. 2, Table S1). There were
geographical differences (p<0.001) in the use of Chro-
mosomal Microarray analysis, Whole-exome sequenc-
ing (Proband), and Whole-exome sequencing (families of
three or more) in rare diseases.

In terms of genetic testing, the majority of doctors
chose " too expensive” (73.6%), followed by “the report is
too complicated to confirm the results” (44.7%) and " too
many genetic companies on the market to know how to
choose” (44.5%). Nearly 30% of the doctors were " unsure
about the results of genetic testing’, “did not understand
the scope of genetic testing” and “did not know how to
advise patients on genetic aspects” (Fig. 3, Table S2).
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Table 1 Baseline characteristics of the physicians and stratified by region

Variables Total Central Eastern Western P value
(N=20,132) (N=7,146) (N=7,385) (N=5,601)

Department <0.001

Pediatrics 4417 (21.9) 1664 (23.3) 1661 (22.5) 1092 (19.5)

Surgical 3246 (16.1) 1058 (14.8) 1108 (15.0) 1080( 93)

Non-surgical 11,967 (59.4) 4235 (59.3) 4422 (59.9) 0(59.1)

Diagnosis-related 502 (2.6) 189 (2.6) 194 (2.6) 119 ( 1)

Title <0.001

Resident physician 2868 (14.3) 938 (13.1) 929 (12.6) 1001 (17.9)

Attending physician 7154 (35.5) 2644 (37.0) 2509 (34.0) 2001 (35.7)

Associate chief physician 5699 (28.3) 2052 (28.7) 2133(28.8) 4(27.0)

Chief physician 4411 (21.9) 1512 (21.2) 1814 (24.6) 1085 (19.4)

Education <0.001

Bachelor's degree or below 3997 (19.9) 1424 (19.9) 874 (11.8) 1699 (30.3)

Master's degree 10,209 (50.7) 3999 (56.0) 3449 (46.7) 2761 (49.3)

Doctorate/postdoc 5926 (29.4) 1723 (24.1) 3062 (41.5) 1141 (204)

Length of service <0.001

<5 3273 (16.3) 1219(17.1) 1019 (13.8) 1035 (18.5)

6-10 4889 (24.3) 1728 (24.2) 1729 (23.5) 1432 (25.6)

11-20 6355 (31.6) 2293 (32.1) 2354 (32.0) 1708 (30.5)

21-30 4000 (19.9) 1332(18.7) 1606 (21.8) 1062 (19.0)

>30 1579 (7.9) 565 (7.9) 659 (8.9) 355 (6.4)

Notes: Data are expressed as number (%), or p values. There are 36 missing values or outliers in the length of service

Western- —— P for difference <0.001

71.9% [95% CI: 70.7-73.1]

CentralA i P for trena <0-001
75.9% [95% CI: 74.9-76.9]
Eastern- —

Region

79.2% [95% CI: 78.3-80.1]

Total - o> 76.0% [95%Cl: 75.4-76.6]

65 70 75 80 85

Utilization rate (95%CI)

Fig. 1 Utilization rates of genetic testing by physicians in different regions. The eastern, central and western regions represent different economic
levels, with the eastern region being the most developed, followed by the central and western regions. Data are expressed as (column % [95% Cl]) or p
values
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Table 2 Rates of use of genetic testing for rare diseases by physicians with different characteristics
Variables Total Central Eastern Western
(N=20,132) (N=7,146) (N=7,385) (N=5,601)

Department
Pediatrics 94.1% (93.4-94.8) 93.5% (92.3-94.6) 95.9% (95.0-96.9) 92.5% (90.1-94.1)
Surgical 58.3% (56.6-60.0) 57.7% (54.7-60.6) 62.3% (59 7-654) 54.6% (51.7-57.6)
Non-surgical 74.4% (73.6-75.2) 73.6% (72.3-75.0) 77.4% (76.1-78.6) 1.4% (69.9-73.0)

( ) ( ) ( ( )

Diagnosis-related

P value for difference
Title

Resident physician
Attending physician
Associate chief physician
Chief physician

P value for trend
Education

Bachelor's degree or below
Master's degree
Doctorate/postdoc

P value for trend

Length of service

<5

6-10

11-20

21-30

>30

P value for trend

68.1% (64.1-72.2
<0.001

75.5% (74.0-77.1)
75.2% (74.2-76.2)
764% (75.3-77.5)
77.0% (75.8-78.2)
0.033

66.6% (65.1-68.1)
75.5% (74.6-76.3)
83.2% (82.2-84.1)
<0.001

76.0% (74.5-77 4)
76.7% (75.5-77.9)
75.9% (74.8-76.9)
75.2% (73.8-76.5)
76.6% (74.5-78.7)
0.537

73.0% (66.7-79.3
<0.001

77.1% (74.4-79.8)
76.0% (74.4-77.6)
75.7% (73.8-77.5)
75.1% (73.0-77.3)
0.287

67.4% (65.0-69.9)
75.7% (74.3-77.0)
83.3% (81.5-85.1)
<0.001

77.5% (75.2-79.9)
78.1% (76.1-80.0)
74.6% (72.8-76.4)
73.9% (71.5-76.2)
75.6% (72.0-79.1)
0.010

72.7% (66.4-79.0)
<0.001

80.8% (78.3-83.4
77.6% (75.9-79.2
792% (77.5-81.0
80.5% (78.7-82.3
0.342

74.0% (71.1-76.9)
76.8% (75.4-78.2)
83.3% (82.0-84.7)
<0.001

80.3% (77.8-82.7)
78.8% (76.9-80.8)
79.8% (78.2-81.4)
78.3% (76.3-80.3)
78.9% (75.3-81.6)
0.318

52.9% (43.9-61.9
<0.001

1% (66.3-72.0)
1% (69.1-73.1)
73.5% (71.2-75.7)
73.7% (71.1-76.4)
0.007

62.2% (59.9-64.5)
734% (71.8-75.1)
82.7% (80.1-84.8)
<0.001

69.9% (67.1-72.7)
724% (70.0-74.7)
72.2% (70.1-74.3)
72.0% (69.3-74.7)
74.9% (70.4-79.4)
0.126

Notes: Data are expressed as (column % [95% Cl]) or p values

Table 3 The association of physician characteristics with the use of genetic testing for rare diseases stratified by region

Variables Total Central Eastern Western

OR (95%Cl) Pvalue OR (95%Cl) Pvalue OR (95%Cl) Pvalue OR (95%Cl) P value
Department <0.001 <0.001 <0.001 <0.001
Surgical 1.00 - 1.00 - 1.00 - 1.00 -
Pediatrics 13.36(11.54-15.45) 1246(9.87-15.74) 16.68(12.67-21.97) 11.46(8.84-14.85)
Non-surgical 2.06(1.89-2.23) 2.02(1.75-2.33) 2.12(1.83-2.44) 2.02(1.75-2.33)
Diagnosis-related 1.74(142-2.14) 247(1.74-3.52) 1.68(1.19-2.37) 1.15(0.78-1.7)
Title 0.443 0.677 0402 0.679
Resident physician 1.00 - 1.00 - 1.00 - 1.00 -
Attending physician 0.97(0.85-1.11) 0.94(0.75-1.18) 0.95(0.74-1.22) 0.97(0.79-1.2)
Associate chief physician 1.07(0.91-1.25) 1.04(0.78-1.38) 1.04(0.77-1.4) 1.08(0.82-1.42)
Chief physician 1.06(0.88-1.27) 0.98(0.7-1.36) 1.15(0.83-1.61) 0.99(0.71-1.38)
Education <0.001 <0.001 <0.001 <0.001
Bachelor’s degree or below  1.00 - 1.00 - 1.00 - 1.00 -
Master's degree 1.63(1.49-1.78) 1.62(1.39-1.89) 1.17(0.96-1.41) 1.89(1.63-2.18)
Doctorate/postdoc 3.14(2.83-3.48) 3.35(2.78-4.03) 2.21(1.81-2.69) 341(2.8-4.16)
Length of service 0.238 0.205 0.884 0.074
<5 1.00 - 1.00 - 1.00 - 1.00 -
6-10 1.08(0.95-1.23) 1.10(0.88-1.37) 0.99(0.78-1.27) 1.17(0.94-1.45)
11-20 1.03(0.89-1.19) 0.92(0.71-1.17) 0.99(0.75-1.29) 1.22(0.95-1.58)
21-30 1.05(0.88-1.25) 0.98(0.73-1.33) 0.88(0.65-1 ) 1.3(0.95-1.78)
>30 1.23(0.99-1.52) 1.18(0.82-1.7) 0.87(0.6-1.26) 1.82(1.21-2.73)

Note: Data are expressed as OR (95% Cl) or p values. OR: Odds ratio; Cl: confidence interval
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Fig. 2 Utilization rates of different genetic testing methods for rare diseases (among 15,296 physicians who have used genetic testing for rare

diseases)
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Fig.3 Problems experienced by physicians in the use of genetic testing for rare diseases (among 15,296 physicians who have used genetic testing
for rare diseases)
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Discussion

This is the first cross-sectional study to describe the utili-
zation rates of genetic testing in clinical practice for rare
diseases. More than three-quarters of clinicians used
genetic testing in rare disease care. The use of genetic
testing was consistent with the level of economic devel-
opment of each region, with the highest use of genetic
testing in the most economically developed eastern
region, followed by the central region, and the least in
the western region. It can be roughly inferred that the
accessibility of genetic testing varies across economic
levels, which is similar to the findings of previous studies
[21-23].

There is also a noticeable difference in the utilization
rate of genetic testing for the diagnosis and treatment of
rare diseases by physicians specializing in different fields,
with over 90% of pediatricians using genetic testing for
the diagnosis and treatment of rare diseases, compared to
less than 60% of surgeons. This may be related to clini-
cians’ judgment on the examination required for disease
diagnosis, and complex diseases in children may have a
stronger genetic association [24, 25]. Access to genetic
diagnosis for children is essential as it can lead to early
and informed disease management and, in some cases,
lifesaving interventions [26]. Previous studies have shown
that 49% of children with neurodevelopmental disorders
of unknown etiology report changes in clinical treatment
or pathophysiological impressions after diagnosis by
genetic testing [27]. The higher the education of doctors,
the higher the utilization rate of genetic testing in the
diagnosis and treatment of rare diseases. As a relatively
new medical technology, genetic testing requires a high
level of education from physicians.

Most physicians have used a variety of genetic tests
in the management of rare diseases, the most popular
methods were “Whole-exome sequencing (Proband)”
and “Whole-exome sequencing (families of three or
more)”. Whole-exome sequencing is the high-throughput
sequencing of only 1% of the genome using sequence cap-
ture technology, detecting approximately 20,000 exons
and 10 bp of introns upstream and downstream of the
exons, and is the best option for patients with multiple
symptoms, difficult diagnoses, and suspected genetic fac-
tors [28]. Compared with the testing of the proband only,
the testing of family members can visualize the carrier
status of each locus, and clarify whether the locus is de
novo or inherited from the parents. For some autosomal
recessive inherited diseases, we can determine whether it
is in line with the genetic pattern according to the car-
rier status of the parents’ loci to avoid misdiagnosis [26].
It has also been reported that family testing is better in
terms of positive rate [29]. The genetic testing methods
used by clinicians currently vary, except for whole exome
sequencing, which is the commonly used genetic test
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[30], and other methods chosen by physicians based on
disease characteristics.

Physicians have encountered many problems with the
use of genetic testing in the diagnosis and treatment of
rare diseases, among which the high price was the main
concern of medical workers. Although advances in tech-
nology have led to a reduction in the price of genetic
tests, they are still expensive for the majority of patients
compared to conventional diagnostics. Especially in most
developing countries, genetic testing is not included in
routine health insurance [31], and patients are required
to pay the full cost of genetic testing. Given the necessity
of genetic testing for the diagnosis and treatment of rare
diseases, the government may consider providing certain
safeguard policies to appropriately reduce the price of
genetic testing and improve its accessibility. In addition,
too many gene companies, opaque testing processes,
non-standard test reports, and difficult-to-test results
all made it challenging for clinicians to use genetic test-
ing. This suggests that the government should strengthen
the supervision and management of gene companies,
strengthen quality control and standardize the reporting
format of the genetic test, and assist with the interpre-
tation of genomic data to enable the treating physician
to make therapeutic and management decisions. At the
same time, education and training on the scope of genetic
testing and its interpretation should be carried out for
medical specialties [32].

The main advantages of this study are that the sample
size is relatively large, the survey scope is wide, and the
findings cover different regions of China with different
economic levels, which can provide relevant data support
for the formulation of health policies. This study also has
the following limitations. First of all, this study was only
conducted in China, and the national policies in other
countries should be considered when generalizing the
results to other settings. Second, whether a doctor uses
genetic testing technology in the diagnosis and treatment
of rare diseases may be related to whether a rare disease
is related to genetic factors. However, the field of rare
diseases progresses slowly compared with common dis-
eases, and it is not yet possible to determine that a par-
ticular rare disease is not related to genetic factors. And
more and more diseases are finding breakthroughs at the
genetic level. In addition, the experience with genetic
testing for rare diseases is self-reported and cannot be
verified. However, this is an inherent flaw of question-
naires. Moreover, our study was conducted with doctors,
whose use of genetic testing is not driven by profit com-
pared to other parties.
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Conclusions

In conclusion, our study showed that three-quarters of
Chinese clinicians used genetic testing in the diagnosis
and treatment of rare diseases, and there were regional
differences in the utilization of genetic testing. Physicians
have encountered many problems in the application of
genetic testing technology in the diagnosis and treatment
of rare diseases, with high prices being a major concern
for medical workers. Our data contribute to identifying
resource utilization patterns across different regions and
providing a more comprehensive picture of the epidemi-
ology of RDs in jurisdictions.
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