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Medicine, Nanjing Gaochun People’'s Hospital, Nanjing, Jiangsu, China

Background: This study aimed to analyze the changing trend of diabetes drugs
clinical trials in China during 2013-2023, and provided a reference for the
research and development of diabetes drugs.

Methods: Diabetes drug clinical trial data were obtained from the registration and
information disclosure platform of the National Medical Products Administration
(NMPA) between January 1, 2013, and December 31, 2023. Trends of clinical trials
on diabetes drugs were systematically analyzed in terms of characteristics, trial
design, time trends, drug type, and indications.

Results: From 2013 to 2023, a total of 1,256 diabetes drugs clinical trials have
been registered on the NMPA platform, of which 1056 were chemical drugs and
184 were biological products. The indications are mainly type 2 diabetes mellitus
(n=1237, 98.49%). Among them, 838 clinical trials have been completed, 379
were proceeding, and 39 have been terminated or suspended. There were 42
international multi-center clinical trials, and the remaining 1034 clinical trials
were domestic. Bioequivalence trials were 691, accounting for 55.02%, followed
by 340 phase | clinical trials and 169 phase lll clinical trials. The leading units were
mostly distributed in eastern China. The proportion of clinical trial sponsorship
from domestic pharmaceutical companies is higher than that from
overseas companies.

Conclusions: China has made significant advancements in diabetes drug
research and development over the past decade. However, problems such as
serious drug homogeneity, and insufficient innovation have become increasingly
prominent. The government, clinical trial institutions, and pharmaceutical
companies must collaborate to promote the high-quality development of drug
clinical trials.

KEYWORDS

diabetes, drug clinical trials, research and development, trends, mainland China

01 frontiersin.org


https://www.frontiersin.org/articles/10.3389/fendo.2024.1427148/full
https://www.frontiersin.org/articles/10.3389/fendo.2024.1427148/full
https://www.frontiersin.org/articles/10.3389/fendo.2024.1427148/full
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fendo.2024.1427148&domain=pdf&date_stamp=2025-01-10
mailto:lss1101@yeah.net
mailto:adr320125@163.com
https://doi.org/10.3389/fendo.2024.1427148
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/endocrinology#editorial-board
https://www.frontiersin.org/journals/endocrinology#editorial-board
https://doi.org/10.3389/fendo.2024.1427148
https://www.frontiersin.org/journals/endocrinology

Ma et al.

1 Introduction

Presently, diabetes ranks among the most common chronic
metabolic diseases in the world. Its symptoms are reflected in the
increase of blood sugar caused by a variety of causes, with an
estimated impact on 693 million adults by 2045 (1, 2). In China,
more than 110 million people suffer from diabetes (3), with a high
incidence rate of 12.8% (4). The prevention and treatment of diabetes
remains a long and arduous task. Microvascular complications were
the main causes of morbidity in diabetes patients, which greatly
affected their quality of life (5, 6). What's more, diabetes costs $966
billion a year in health expenditures worldwide and causes more than
6.7 million deaths each year, placing a huge burden on public health
(7). Given the dangers of diabetes and its complications, the priority
of research and development (R&D) of related therapeutic drugs has
gradually increased.

China is the largest clinical trial market in Asia, followed by
India and Southeast Asia (8). Global pharmaceutical companies are
particularly interested in the Asian market due to the large patient
population, fewer competing trials, and rapid patient recruitment.
Additionally, the cost of managing clinical trials is relatively low.
Since the 1990s, with the robust development of the Chinese
economy, clinical research facilities have been continuously
improving (9, 10). Drug approval processes in China were
plagued with backlogs and delays before 2013, commonly called
"drug lag" (11, 12). Against this backdrop, the NMPA established
the Registration and Information Disclosure Platform for Drug
Clinical Trials in 2013 and issued “Opinions on Continuing the
Reforms in Drug Review and Approval and Further Encouraging
Pharmaceutical Innovation” to accelerate the approval process and
encourage drug innovation (13, 14). In July 2015, the NMPA issued
an “Announcement on Carrying out Self-inspection and
Verification of Drug Clinical Trial Data” (15, 16). Based on the
principles of “the most rigorous standards, the strictest supervision,
the most severe penalties, and the most serious accountability”, the
sponsors were required to conduct self-inspection of trial data. For
drug clinical trials with inauthentic and incomplete data, the
registration applications need to be withdrawn by their sponsors.
By rectifying the trend of falsification, this announcement ensured
the authenticity of clinical trial data and improved the transparency
of the approval process.

In 2017, the NMPA relaxed restrictions on the approval of
imported drugs, allowing clinical trial data acquired abroad could
be accepted (17, 18). This significant countermeasure issued by
NMPA encouraged foreign pharmaceutical companies to carry out
clinical trials simultaneously, making it more feasible for China’s
participation in international multi-center diabetes drug clinical
trials. Following its recruitment into the International Council for
Harmonization of Technical Requirements for Pharmaceuticals for
Human Use (ICH) as a regulatory member, the NMPA established a
working office within a month (19). And it was elected as a member
of the ICH Management Committee one year later. By acquiring
knowledge of the latest international regulatory concepts and
advancements, China’s regulatory capacity and level of drug clinical
trials were further improved. These efforts gradually brought Chinese
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drug clinical trials following international standards. Currently,
China is accelerating the approval of innovative therapies and
devices, and non-Chinese biopharmaceutical companies are
benefiting from new regulations. As a result, international
collaborative clinical trials of diabetes drugs are common in
mainland China nowadays.

The R&D and production of therapeutic drugs were important
indicators to measure a country's economic and scientific capacity
(20). The Chinese government has shown increasing interest in
investing in the clinical trial industry to narrow the gap with
developed countries (21-23). Through successive regulatory policies
introduced since 2015, the Chinese government has given clinical
trials a broader space and platform and guaranteed diabetes drug
R&D (24-26). Since then, the registration of clinical trials of various
drugs has been increasing every year, and the number of innovative
drugs related to diabetes has also been added (27). With the arrival of
the era of globalization, drug development, and registration have
entered a new chapter, and methods for analyzing drug clinical trials
have certain guiding significance in analyzing diabetes drug R&D in
China in the present day, amount and distribution of clinical trials in
medical institutions, selection of research centers, and patient
enrollment. This survey might be useful for sponsors and
stakeholders to determine development strategies.

As a result, drug clinical trials are receiving growing attention
from both the Chinese government and the pharmaceutical
industry. In this study, we systematically reviewed the landscape
of diabetes drug clinical trials registered on the National Medical
Products Administration (NMPA) platform from 2013 to 2023. It is
hoped that the analysis and prospect of this study on the current
situation of diabetes drug R&D can provide a theoretical basis and
data support for the research and application of new drugs.

2 Methods
2.1 Eligibility criteria

To ensure the accuracy and reliability of the results of a clinical
trial, the following criteria must be met (1): The indications were
diabetes mellitus. (2) The year of registration was 2013-2023.
Exclusion criteria were as follows: (1) Clinical trials that were
registered repeatedly. (2) The sites for the study weren’t located
in mainland China. (3) Unrelated drug indications. (4) Missing
important information, such as the name of the trial drug, the type
of drug, and the name of the principal investigator (PI).

2.2 Information sources

Clinical trial data of diabetes drugs passed the National Medical
Products Administration (NMPA) Drug Clinical Trial Registration and
Information Disclosure Platform (http://www.chinadrugtrials.org.cn).
The National Food and Drug Administration established the
platform in 2013 to strengthen clinical trial supervision. All
registered drug clinical trials must register on the platform, and
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trials initiated before 2013 but not completed must be registered
retrospectively. This makes the NMPA registration platform
representative and authoritative in the Chinese clinical trials
market. With this in mind, 2013 was determined as the start year
of the study.

2.3 Search strategy

From January 1, 2013, to December 31, 2023, a total of 23040
drug clinical trials had been registered on the NMPA platform. To
comprehensively cover drug trials in the category of diabetes, we
conducted an independent search for “Type 1 Diabetes Mellitus”
and “Type 2 Diabetes Mellitus” as keywords.

2.4 Selection process

For inclusion of eligible clinical trials, two authors (Z Ma and X
Zhao) searched the NMPA platform through the two keywords
above, and 1335 drug clinical trials were identified. To determine
the final analytical data set, three authors (Y Lin, H Zhang, and L
Wu) independently reviewed the registration information for the
title, indication, registration ID, study design, and study location of
the 1335 drug clinical trials, and excluded trials that did not meet
the above criteria. Then, another three authors (Y Tao, H Shi, and S
Li) identified duplicated trials. Finally, 79 clinical trials were
excluded and 1256 clinical trials were included. The data retrieval
and filtering process is shown in Figure 1.

2.5 Data item and extraction

The data, including time, location, dosage forms, indications,
trial stages, sponsors, and institutions, were extracted from the
included drug clinical trials. Two authors (Z Ma and S Li)
collaborated to compile all available information in a Microsoft
Excel spreadsheet. Quantitative variables were represented by
numbers and percentages for descriptive analysis. Data statistics

10.3389/fendo.2024.1427148

and analysis were performed using Microsoft Excel 2016 and
GraphPad Prism 9.0.

3 Results
3.1 Characteristics of Drug Clinical Trials

From 2013 to 2023, a total of 1335 clinical trials on diabetes
drugs were identified in the NMPA platform conducted in China,
and ultimately, 1256 clinical trials were included in the study. The
completion status of these clinical trials was considered. As shown
in Table 1, 838 (66.72%) clinical trials had been completed and 379
(30.18%) clinical trials were in progress. In addition, 22 (1.75%)
clinical trials were suspended and 17 (1.35%) clinical trials were in
the status of termination. In terms of the indications, type 2 diabetes
mellitus (T2DM) was the most common, accounting for 1237 trials
(98.49%), while type 1 diabetes mellitus (T1DM) accounted for only
7 trials (0.56%). Additionally, a total of 12 trials (0.96%) were
indicated for both TIDM and T2DM. Crossover studies accounted
for the largest proportion (780, 62.10%), followed by parallel group
studies (414, 32.96%) single-arm studies (61, 4.86%), and factorial
design (1, 0.08%). In terms of randomization, there were 1171
randomized trials (93.23%) and 85 non-randomized trials (6.77%).
In terms of blind design, there were 970 open-label trials (77.23%),
277 double-blind trials (22.05%), and 9 single-blind trials (0.72%).
What’s more, domestic trials were still the mainstream in the field of
diabetes across mainland China, with a total of 1214, accounting for
96.66%, while there were 42 international multi-center clinical trials
(3.34%) in the past decade.

3.2 Geographical distribution of drug
clinical trials

In general, the leading units of these 1256 diabetes drug clinical
trials were distributed in 27 provinces across China. A total of 273
leading units of clinical trials for diabetes drugs were initiated in
Beijing, accounting for the highest proportion (21.74%), followed

23040 Clinical trials registered until December 31, 2023, on the NMPA
Registration and Information Disclosure Platform for Drug Clinical Trials

21705 non-diabetes drug clinical trials excluded during retrieval (Search
terms: Type 1 Diabetes Mellitus, Type 2 Diabetes Mellitus)

1335 diabetes drug clinical trials were included

71 drug clinical trials were further excluded:
18 drug clinical trials excluded for not conducted in mainland China
52 drug clinical trials excluded for irrelevant to diabetes
1 drug clinical trials excluded for important information missing

| 1264 diabetes drug clinical trials were included |

—| 8 drug clinical trials excluded for duplicate registration

‘ 1256 diabetes drug clinical trials were included |

FIGURE 1
Flow diagram of study retrieval and screening.
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TABLE 1 Characteristics of cardiovascular drug clinical trials in China.

Characteristics Number of clinical trials (%)

Status
Completed 838 (66.72%)
Proceeding 379 (30.18%)
Suspended 22 (1.75%)
Terminated 17 (1.35%)
Indication
T1IDM 7 (0.56%)
T2DM 1237 (98.49%)
T1TD & T2DM 12 (0.95%)
Design
Crossover 780 (62.10%)

Parallel-group 414 (32.96%)

Single-arm 61 (4.86%)
Factorial design 1 (0.08%)

Randomization

Randomization 1171 (93.23%)

Non-randomization 85 (6.77%)

Blinding
Open-label 970 (77.23%)

Double-blind 277 (22.05%)

Single-blind 9 (0.72%)

Coverage

Domestic trial 1214 (96.66%)

IMCT 42 (3.34%)

T1DM, type 1 diabetes mellitus; T2DM, type 2 diabetes mellitus; IMCT, international multi-
center clinical trials.

by Jiangsu (n = 151) and Hunan (n = 110), with proportions of
12.02% and 8.76%, respectively. In contrast, the number of clinical
trials whose leading units from Hainan (n = 4), Shanxi (n = 4), and
Ningxia (n = 2) was less than five. In addition, there are 4 provinces
and regions without leading units, reflecting a severely uneven
geographical distribution of diabetes drug clinical trials across
mainland China. The detailed geographic distribution of clinical
trials is illustrated in Figure 2.

3.3 Distribution of drug types

From 2013 to 2016, the number of clinical trials was relatively
low, with fewer than 60 clinical trials per year (Figure 3A). The
number of clinical trials witnessed a substantial increase in 2017.
Since then, the annual number has exceeded 90. It was not until 2023
that the number reached its peak, with 213 clinical trials conducted
throughout the whole year. The number of clinical trials witnessed a
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significant surge from 51 in 2013 to 213 in 2023, representing a
remarkable increase of 317.65%. In total, there were 1056 chemical
drugs, accounting for the major proportion (84.08%) of diabetes drug
clinical trials conducted in mainland China (Figure 3B). This
included 1049 synthetic compounds and 7 bioactive compounds
derived from plants, accounting for 99.34% and 0.66%, respectively
(Figure 3C). This was followed by biological products, with a total of
184 drug clinical trials conducted, including 113 non-insulin
biological products (61.41%), 52 insulin analogs (28.26%), 9 human
insulin (4.89%), and 10 compound drugs (5.44%). These compound
drugs consist of non-insulin biological products and insulin analogs
(Figure 3D). Recently, there has been explosive growth in the number
of biological product clinical trials, with 142 carried out in the past
five years, accounting for 77.17% of all biological product clinical
trials. However, the number of clinical trials on traditional Chinese
medicine (TCM)/natural drugs has been limited over the past decade,
with only 16 conducted, all of which were herbal drugs.

3.4 Distribution of phases

Bioequivalence (BE) studies accounted for more than half
(n=691, 55.02%), followed by phase I (n=340, 27.07%) and phase
III (n=169, 13.46%). Phase II and phase IV only account for 4.06%
and 0.40% respectively (Figure 4A).

BE trials have outpaced phase I since 2015 and have shown a
dramatic increase between 2015 and 2023 (Figure 4B). In particular,
there was a substantial 321% increase in the number of BE studies
conducted in 2017 compared to the previous year, with a total of 59
clinical trials conducted. There have been more BE studies than
phase I studies since 2017. More than 64.67% and 23.48 % of the
trials on chemical drugs were conducted at Phase I or BE stages,
respectively, while 89.67% of the biological products are undergoing
tests at Phase I and III (Figure 4A). In contrast, 68.75% of clinical
trials for TCM/natural drugs are in phases I and II.

3.5 Distribution of dosage forms

There were a total of 5 dosage forms examined in all clinical
trials (Figure 5A). tablets were the main dosage form (n=918) in
diabetes drug clinical trials in China, accounting for the highest
proportion (73.09%), followed by injection (n=257) and capsule
(n=75), accounting for 20.46% and 5.97% respectively. In contrast,
the number of granules and Suspensions was fewer than five. While
other dosage forms increased slowly, the number of tablets grew
rapidly from 2013 to 2023, showing a 2.48-fold change in 2017, and
reaching a peak of 138 in 2018 (Figure 5B).

As shown in Figure 5C, chemical drugs, biological products, and
TCM/natural drugs have different dosage forms. A majority of
chemical drugs were administered as injections, tablets, and
capsules (99.62%), with tablets accounting for the majority
(85.51%). However, 96.20% of biological products were given as
injections. The dosage forms of TCM/natural drugs are diverse,
including tablets, capsules, and granules.
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Region or Number Region or Number
province province
Beijing 273 Jiangsu 151
Hunan 110 Shanghai 101
Henan 78 Zhejiang 67
Anhui 61 Hubei 54
Shandong 50 Sichuang 49
Jilin 46 Hebei 33
Guangdong 30 Chongqing 23
Tianjin 21 Jiangxi 19
Liaoning 17 Guangxi 12
Yunnan 10 Guizhou 10
Fujian 9 Heilongjiang 9
Shanxi 7 Gansu 6
Hainan 4 Shénxi 4
Ningxia 2
0
No.of Registrations

FIGURE 2
Geographical distribution of diabetes drug clinical trials according to leading units in China, 2013-2023.

% Chemicals drug Biological product =% TCM/Natural drug 3 Chemical drug

250

184

14.65% [ Biological product

200+
30 TCM/Natural drug

150+

100+

Clinical trials number

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

3 Non-insulin biological product

3 Synthetic compound [ Insulin analogue

Compound drug of non-insulin

3 Plant compound biological product and insulin analogue

52 3 Human insulin
28.26%

FIGURE 3
Distribution of drug types (A): Annual numbers of initiated diabetes drug clinical trials by drug types in China, 2013-2023; (B): Drug types of diabetes
drug clinical trials; (C): Types of chemical drugs; (D): Types of biological products.
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FIGURE 4

Distribution of phases (A): Distribution of clinical trials by phases; (B): Annual numbers of initiated diabetes drug clinical trials by study phase in China,

2013-2023.
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Number of clinical trials
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3.6 Distribution of single agents and
compound drugs

Based on the drug component, the trial drugs were divided into
two classes: single agents and compound drugs. Among all the
clinical trials, there were 1046 single agents and 210 compound
drugs, accounting for 83.28% and 16.72% respectively (Figure 6A).
From 2013 to 2020, less than 10 clinical trials of compound drugs
were conducted each year (Figure 6B). It showed that monotherapy
was the mainstream of diabetes drug clinical trials in this period.

Tablet O Injection [@Capsule [ Suspension @ Granule

257
20.46%

C

= Chemical drug
1000

800

600

400+

200+

Number of clinical trials

[EISTNCN

Tablet

Injection Capsule Suspension Granule

FIGURE 5

Distribution of dosage form (A): Dosage forms of diabetes drug clinical trials; (B): Annual numbers of initiated diabetes drug clinical trials by dosage
forms in China, 2013-2023; (C): Distribution of clinical trials by Dosage forms.
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The situation, however, changed in 2021. The number of clinical
trials in 2021 was 21, representing a twofold increase compared to
the previous year. Since 2021, number of clinical trials for
compound drugs has been increasing year by year, reaching a
peak in 2023 with a total of 86 trials conducted throughout the year.

The clinical trials of single agents and compound drugs were
further analyzed according to the pharmacological mechanism and
more details are shown in Supplementary Table 1. In 1246 single-
agent clinical trials, 24 hypoglycemic mechanisms detailly were
identified (Figure 6C). The number of trials in dipeptidyl peptidase-

0 Tablet
250

Injection B8 Capsule Suspension® Granule

- —_ %
S n =3
s < <

Number of clinical trials

n
<

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
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3 Single agent
=3 Compound drug

1046
83.28%

31 DPP-4i, n=245 (23.42%)

3 GLP-1Ra, n=176 (16.83%)

3 SGLT2i, n=164 (15.68%)

3 Biguanide, n=135 (12.91%)
SU, n=119 (11.38%)

B GCGRa, n= %)

3 FGF21 /GLP-1Ra, n=2 (0.19%)
B DRDsa, n=2 (0.19%)

B GCGR/GIPR/GLP-1Ra, n=3 (0.19%)
B GIPRa, n=1(0.10%)

FIGURE 6

10.3389/fendo.2024.1427148

Single agent . Compound drug

250
200

150 [ ]

100

Number of clinical trials
n
=]
1

0

T T T T T T T T T T T
2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

DIDPP-4iand Biguanide 0 SGLT2i and Biguanide [ PPAR-7a and Biguanide DSU and Biguanide @ Insulin type combinations

B Insulin and GLP-1IRa 0 PPAR-7a and SU BDPP4iand SGLTIZI  DISGLT2and DPP-4i @ AGi and Biguanide

Distribution of single agents and compound drugs (A): Drug ingredients of diabetes drug clinical trials; (B): Annual numbers of clinical trials by drug
ingredients; (C): Pharmacological mechanism of single agents; (D): Combinations of compound drugs. DPP-4i, dipeptidyl peptidase-4 inhibitors;
GLP-1Ra, glucagon-like peptide-1 receptor agonists; SGLT2, sodium-dependent glucose transporter 2 inhibitors; SU, sulfonylureas; Agi, o.-
glucosidase inhibitors; GKA, glucokinase activator; TCM, traditional Chinese medicine; PPAR-ya, peroxisome proliferator-activated receptor-y
agonists; PPARa, peroxisome proliferator-activated receptor agonists, SGLT1i, sodium-dependent glucose transporter 1 inhibitors; FXRa, farnesoid X
receptor agonists; PPAR-o/ya, peroxisome proliferator-activated receptor-a/y agonists; GPR40a, G protein-coupled receptor 40 agonists, SGLT1/2i,
sodium-dependent glucose transporter 1/2 inhibitors, CALCRa, calcitonin receptor agonists; DRDsa, dopamine receptor genes agonists; GCGRa,
glucagon receptor antagonists; GIPRa, Glucose-dependent insulinotropic polypeptide receptor agonists; FGF21, fibroblast growth factor 21.

4 inhibitors (DPP-4i) ranked first (n=245, 23.42%), while glucagon-
like peptide-1 receptor agonists (GLP-1RA, n=176, 16.83%) and
sodium-dependent glucose transporter 2 inhibitors (SGLT2i,
n=164, 15.68%) took the second and third place. In terms of
compound drugs, there are 10 combinations (Figure 6D). The
combination of DPP-4i and biguanides was the most common
(n=74, 35.24%), followed by the combination of SGLT2i and
biguanides (n=64, 30.48%) and the combination of peroxisome
proliferator-activated receptor-y agonists (PPAR-ya) and
biguanides (n=18, 8.57%).

3.7 Distribution of leading units
and sponsors

From 2013 to 2023, a total of 239 hospitals conducted clinical
trials on diabetes as leading units. The top 3 leading units by the
number of registered clinical trials were Peking University People’s
Hospital (n=62, 4.93%), The First Hospital of Jilin University
(n=33, 2.63%), and Nanjing Drum Tower Hospital (n=31, 2.47%,
Table 2). The departments of endocrinology of these hospitals were
at the leading level in mainland China.

From 2013 to 2023, a total of 479 companies and research
institutions applied as sponsors to perform clinical trials on

Frontiers in Endocrinology

diabetes. Among the 1256 clinical trials, 1160 clinical trials
(92.36%) were sponsored by domestic pharmaceutical companies,
and 88 clinical trials (7.01%) were sponsored by foreign
pharmaceutical companies (Table 3). Only 8 clinical trials (0.64%)
were sponsored by domestic research institutions.

BE studies were the most common clinical trials conducted by
domestic pharmaceutical companies (n=691, 59.57%), followed by
Phase I trials, with 314 clinical trials (27.07%). The foreign
pharmaceutical companies most frequently conducted Phase III
trials (n=64, 72.73%), which were followed by Phase I trials (n=22,
25.00%). Jiangsu Hengrui Pharmaceutical Co., Ltd., had the highest
number of registered diabetes drug clinical trials (n=66, 5.25%),
followed by China Shijiazhuang Pharmaceutical Group Co., Ltd.,
(n=32, 2.55%) and Jiangsu Deyuan Pharmaceutical Co., Ltd., (n=23,
1.83%). Among the top 10 sponsors in the number of registered
diabetes drug clinical trials, there were 1 foreign and 9 domestic
pharmaceutical companies (Table 4).

4 Discussion

This study reports for the first time on the current status of
clinical trials for diabetes medications in China. We summarize
relevant information from the past decade regarding clinical trials
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TABLE 2 Top 10 leading units by the number of registered diabetes drug
clinical trials.

Ranking Leading unit Number

(Percentage)

1 Peking University People's Hospital | 62 (4.93%)

2 The First Hospital of
Jilin University

33 (2.63%)

3 Nanjing Drum Tower Hospital 31 (2.47%)

4 Shanghai Public Health
Clinical Center

30 (2.39%)

5 Xiangya Boai 28 (2.23%)

Rehabilitation Hospital
6 China-Japan Friendship Hospital 27 (2.15%)

7 Shanghai Xuhui District
Central Hospital

25 (1.99%)

8 Peking University First Hospital 24 (1.91%)
8 Beijing Hospital 24 (1.91%)
8 Henan Zhonghui Hospital 24 (1.91%)

of diabetes drugs in our country, reflecting the trends and
challenges faced in this field. This data can provide
pharmaceutical companies with references for making new drug
development decisions targeted at the Chinese population. The
strength of this study lies in its inclusion of clinical trial information
for all diabetes medications in China. It is expected to promote the
development of diabetes drugs in our country and provide insights
into the latest research trends. This study conducted a systematic
review of the diabetes drug clinical trials from 2013 to 2023 in
mainland China. During the past decade, the number of diabetes
drug clinical trials has increased rapidly, as well as the number of
leading units, participating units, and drug types, indicating that
China has experienced significant development momentum in
diabetes drug clinical trials, with an accelerating speed of drug
R&D. It has become increasingly important to address problems
such as an unequal geographical distribution of leading units and
the homogenization of drugs.

Over the past decade, clinical trials for diabetes drugs have
developed rapidly due to Chinese government policies aimed at
promoting drug development and innovation (28, 29). The NMPA
needed to register and publish information about all approved drug
trials. In addition, it required additional registration for previously
approved drug clinical trials. Because of this, the number of diabetes
drug clinical trials registered in 2013 was higher than in 2014
(Figure 3A). Subsequently, in August 2015, the State Council issued
“Opinions on Reforming the Examination and Approval System for

TABLE 3 Phases of clinical trials by different sponsors.

Sponsors | Il

Domestic pharmaceutical companies 314 (25.00%) 50 (3.98%)

Foreign pharmaceutical companies 22 (1.75%) 0 (0.00%)

Domestic research institutions 4(0.32%) 1 (0.08%)
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Drugs and Medical Devices”, further strengthening the
government's supervision of drug clinical trials (30). These
policies had a significant impact on the reform and upgrading of
the quality management systems of pharmaceutical companies and
clinical trial institutions. The main objectives of the reform were to
improve the efficiency of review and approval to eliminate backlogs.
Also, BE studies are required for generic drug approval of drugs and
priority review process is granted to medicines with urgent unmet
medical needs. Therefore, we ascribed the observed decline in the
number of diabetes drug clinical trials in 2016 to this particular
situation (Figure 3A).

As part of the initiative to encourage pharmaceutical companies
to carry out BE studies, the State Council issued "Opinions on the
Evaluation of Quality and Efficiency of Generic Drugs" in 2016 (31).
Before a generic drug could be approved for marketing, it had to be
evaluated for consistency with the original drug through BE studies.
Assuring drug quality and encouraging pharmaceutical industry
upgrades and adjustments were paramount. As a result, 2016 saw an
explosive increase in the number of BE studies. Since then, the
mainstream status of BE trials on diabetes drugs has been
established (Figure 4). Furthermore, a series of issued policies
made the approval process for drug clinical trials more
standardized and rapid, such as “Opinions on Deepening the
Reform of the Evaluation and Approval System and Encouraging
the Innovation of Pharmaceutical and Medical Devices” and “Good
Clinical Practice (GCP)” (32, 33). Therefore, there has been a
golden period for diabetes drug clinical trials since 2017, with
hundreds of trials being conducted each year (Figure 3A).

A greater number of clinical trials were conducted on diabetes
drugs that are new to this field. Inhibitors of the enzyme DPP-4,
such as sitagliptin, lower blood sugar while being safe and tolerable.
Vildagliptin and alogliptin were well tolerated and showed excellent
safety profiles. The drugs are a promising first-line treatment option
for patients in Asia with T2DM. Liraglutide is a well-established
hypoglycemic agent with a good safety profile (34, 35). Research
into current hypoglycemic drugs, which have the potential to
become the first-line drug for diabetes in the future, is receiving
increased attention.

Drug combination therapy has distinct advantages over
monotherapy in the treatment of diabetes, including reducing
treatment burden, improving efficacy, increasing patient
satisfaction, reducing treatment burden, and enhancing treatment
adherence (36, 37). Therefore, compound drugs are becoming
increasingly popular worldwide. In our study, the results showed
that 17.72% of trial drugs for diabetes in mainland China were
compound drugs, with an increasing number annually (Figure 6B).
According to the administration route, we divided the compound
drugs into two types. The first type is compound injections, which

] v BE Total

103 (8.20%) 2 (0.16%) 691 (55.01%) 1160 (92.35%)

64 (5.10%) 2(0.16%) 0 (0.00%) 88 (7.01%)

2 (0.16%) 1(0.08%) 0 (0.00%) 8 (0.64%)
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TABLE 4 Top 10 sponsors by the number of registered diabetes drug
clinical trials.

Ranking Sponsors Number

(Percentage)

1 Jiangsu Hengrui Pharmaceutical 66 (5.25%)
Co., Ltd.
2 China Shijiazhuang Pharmaceutical 32 (2.55%)

Group Co., Ltd.

3 Jiangsu Deyuan Pharmaceutical 23 (1.83%)
Co., Ltd.
4 Hangzhou Zhongmei Huadong 21 (1.67%)

Pharmaceutical Co. Ltd

5 Eli Lilly Asia representative office 20 (1.59%)

in Shanghai

6 Jiangsu Haosen Pharmaceutical Group 19 (1.51%)
Co., Ltd.
6 Zhengda Tianqing Pharmaceutical 19 (1.51%)

Group Co., Ltd.

8 Jilin Tonghuadongbao Pharmaceutical 17 (1.35%)
Co., Ltd.

8 Qilu Pharmaceutical Co., Ltd 17 (1.35%)

8 Guangdong Dongyangguang 17 (1.35%)

Pharmaceutical Co. Ltd

8 Zhejiang Huahai Pharmaceutical Group | 17 (1.35%)

Co., Ltd.

are usually mixtures of different types of insulin or insulin analogs
in specific proportions. For example, an insulin as part 30 injection
is a combination of 30% insulin aspartate and 70% insulin
protamine aspartate. The second type is compound oral drugs,
which are combinations of hypoglycemic agents with different
pharmacological mechanisms. Until 2023, a total of 184 clinical
trials on compound oral drugs were carried out, accounting for
14.65% of the whole diabetes drug clinical trials. Metformin is the
most common ingredient in compound oral drugs. Currently,
metformin is the first-line treatment for diabetes and the most
commonly prescribed drug for diabetes in the world (38). It can
improve control of blood glucose levels without causing weight gain
or hypoglycemia. However, all compound oral drugs for clinical
trials in mainland China were exclusively dual therapies, with no
clinical trials conducted on triple-drug combinations.

There is no doubt that China has not reached the international
leading level in the field of compound diabetes drug R&D. In 2019,
the first triple combination regimen was approved by the US FDA,
consisting of Dapagliflozin, Saxagliptin, and Metformin. The results
of the Phase III clinical trial showed that triple therapy improved
blood glucose control was well tolerated, and had a lower incidence
of hypoglycemia. The results of the Phase III clinical trial showed
that the triple combination regimen performed well in glycemic
control and tolerance, and had a lower incidence of hypoglycemia
(39). What’s more, another triple combination of linagliptin,
metformin, and empagliflozin was approved by the US FDA in
2020. Given the lack of triple combination hypoglycemic drugs in
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mainland China, relevant investment and R&D need to be
further strengthened.

The regional distribution of clinical trials of diabetes drugs in the
Chinese Mainland is obviously unbalanced, and the number of leading
units in the eastern region is significantly more than that in the western
region (Figure 2). This is consistent with the findings of Su X et al.
regarding trends in innovative drug development in China (40). 239
leading units are all experienced hospitals. Therefore, in our view, it was
the uneven distribution of superior medical resources for clinical
research rather than the uneven distribution of population or
patients that contributed to the geographical disparity. This might be
attributed to the Chinese government's prioritized resource allocation
to major hospitals, which were required to play a leading role. To
allocate medical resources more rationally, China implemented several
healthcare reforms, including the hierarchical diagnosis and treatment
system, the medical community, and telemedicine. Over time, we
believed that these reform measures would have a satisfactory effect.

Our study found that 44.77% of leading units conducted only BE
studies. This result indicated that some clinical trial institutions lacked
the experience to participate in multi-center clinical trials or the
registration of new drugs, suggesting that there was a lack of high-
level research capabilities in these clinical trial institutions. In addition,
there were more than 300 hospitals registered as Phase I clinical trial
specialties in mainland China, yet only 110 institutions conducted Phase
I diabetes drug clinical trials. This indicated that qualified PI were not
highly motivated to carry out Phase I clinical trials. These phenomena
suggested that drug clinical trial institutions did not make full use of
superior medical resources in mainland China, consistent with a
previous report (41, 42). To increase the enthusiasm of physicians to
participate in clinical trials and make full use of the medical resources of
clinical trial platforms, China issued the “Work Requirements for the
Construction Project of Clinical Evaluation Technology Platforms for
New Drugs” in 2019, which further stipulated the organizational
structure, staffing, process management, and hardware and software
facilities of drug clinical trial institutions (43). To encourage PIs to
participate in clinical trials, clinical trial projects were included in the
evaluation of research performance according to the policy, which were
regarded as financial research projects. Through these measures, the
utilization degree and utilization efficiency of superior medical resources
might be improved in the near future.

Nowadays, there remains a gap between domestic and foreign
countries in the R&D of diabetes drugs (44, 45). The majority of clinical
trials for diabetes drugs were occupied by BE trials, and there was a
serious duplication of research, resulting in limited diversity in
innovative drug development. In the study, we found that there were
only 168 different drugs involved in the 1256 diabetes drug clinical
trials, with an average of 7.48 clinical trials per drug (Supplementary
Table 1). A total of 135 drug clinical trials were registered on different
dosage forms of metformin, followed by empagliflozin and sitagliptin
with 54 and 46, respectively. In addition, further statistics show that
there are as many as 331 clinical trials involving metformin-related
single or compound agents. A large number of meaningless and
repetitive clinical trials in mainland China have adversely affected
diabetes drug innovation, eroding the R&D environment. This might
be due to the large investment, long return cycle, and high risk of
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innovative drug clinical trials, which have caused many Chinese
pharmaceutical companies to focus on mature diabetes generic drugs.

By analyzing data from mainland China's only mandatory
clinical trial registration platform, we conducted a systematic
analysis of the landscape of diabetes drug clinical trials in
mainland China from 2013 to 2023. However, there were some
limitations in this study. First, the manual retrieval and screening of
diabetes drug clinical trials might introduce potential selection bias.
This bias could arise from various factors such as the expertise and
experience of the individuals involved in the retrieval process, and
any preconceived notions they might have about certain drugs.
Secondly, although multiple hospitals were listed as co-leading units
in some drug clinical trials, we only take the unit that ranks first as
the leading unit for each trial. Thirdly, the pharmacological
mechanisms of TCM/Natural drugs were completely different
from those of chemical drugs. Therefore, when we statistical the
pharmacological mechanism of TCM/Natural drugs, they were
uniformly classified as TCM/Natural drugs. Fourthly, it is
unfortunate to exclude some excellent clinical trials due to their
incomplete registration information. The small number of such
clinical trials did not affect the overall results of this study.

5 Conclusion

The study examined the landscape of diabetes drug clinical
trials in mainland China between 2013 and 2023 in detail. In the
past decade, thanks to advancements in R&D and support from the
Chinese government, diabetes drug clinical trials have developed
rapidly. Several innovative drugs have been launched in China,
providing more therapeutic options for diabetics. Research
institutions and pharmaceutical companies need to pay more
attention to areas of overlap and make greater efforts to enhance
the level of R&D. In the next phase of our plan, we will explore the
status of global clinical trials for diabetes medications and conduct a
comparative analysis between domestic and international findings.

Data availability statement
The original contributions presented in the study are included

in the article/Supplementary Material. Further inquiries can be
directed to the corresponding authors.

Ethics statement

Ethical approval was not required for the study involving
humans in accordance with the local legislation and institutional
requirements. Written informed consent to participate in this study

Frontiers in Endocrinology

10

10.3389/fendo.2024.1427148

was not required from the participants or the participants' legal
guardians/next of kin in accordance with the national legislation
and the institutional requirements.

Author contributions

ZM: Writing - original draft, Writing — review & editing. XZ:
Writing - review & editing. YL: Writing - review & editing.
HZ: Writing - review & editing. LW: Writing - review & editing.
YT: Writing - review & editing. HS: Writing - review & editing. SL:
Writing - review & editing.

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article. This work
was supported by the Nanjing Gaochun People's Hospital 2021 New
Technologies and New Projects (No.GXY-2021-099).

Acknowledgments

The authors thank all of the study participants.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fendo.2024.1427148/
full#supplementary-material

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fendo.2024.1427148/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fendo.2024.1427148/full#supplementary-material
https://doi.org/10.3389/fendo.2024.1427148
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Ma et al.

References

1. Cole JB, Florez JC. Genetics of diabetes mellitus and diabetes complications. Nat
Rev Nephrol. (2020) 16:377-90. doi: 10.1038/s41581-020-0278-5

2. Cho NH, Shaw JE, Karuranga S, Huang Y, da Rocha Fernandes JD, Ohlrogge AW,
et al. IDF Diabetes Atlas: Global estimates of diabetes prevalence for 2017 and
projections for 2045. Diabetes Res Clin Pract. (2018) 138:271-81. doi: 10.1016/
j.diabres.2018.02.023

3. Ma RCW. Epidemiology of diabetes and diabetic complications in China.
Diabetologia. (2018) 61:1249-60. doi: 10.1007/s00125-018-4557-7

4. Wei W, Jiang WB, Han TS, Tian MY, Ding GQ, Li Y, et al. The future of
prevention and treatment of diabetes with nutrition in China. Cell Metab. (2021)
33:1908-10. doi: 10.1016/j.cmet.2021.09.012

5. Xiang Y, Liu B, Yun C, Zhuo PC, Li XJ, Luo SM, et al. Frequency, clinical features,
inflammatory cytokines and genetic background of latent autoimmune diabetes in
youth in youth-onset type 2 diabetes: Results from a nationwide, multicentre, clinic-
based, cross-sectional study (LADA China). Diabetes Obes Metab. (2021) 23:1282-91.
doi: 10.1111/dom.14336

6. Advani AJD. Acute kidney injury: A bona fide complication of diabetes. Diabetes.
(2020) 69:2229-37. doi: 10.2337/db20-0604

7. Zhang YB, Pan XF, Lu Q, Wang YX, Geng TT, Zhou YF, et al. Associations of
combined healthy lifestyles with cancer morbidity and mortality among individuals
with diabetes: results from five cohort studies in the USA, the UK and China.
Diabetologia. (2022) 65:2044-55. doi: 10.1007/s00125-022-05754-x

8. Cao Y, Liao L, Liu X, Zheng QS, Xu ZY, Niu HT. Trend of drug clinical trials in
mainland China from 2009 to 2020. Curr Med Res Opin. (2022) 38:1499-507.
doi: 10.1080/03007995.2022.2103960

9. Zhou Q, Chen XY, Yang ZM, Wu YL. The changing landscape of clinical trial and
approval processes in China. Nat Rev Clin Oncol. (2017) 14:577-83. doi: 10.1038/
nrclinonc.2017.10

10. CaoY, Li ZP, Wang CJ, Liu YP, Dong Q. Discussion on the current situation and
pr oblems of the development of drug clinical trial institutions in China. Chin J Clin
Pha rmacol. (2016) 32:1512-30. doi: 10.13699/j.cnki.1001-6821.2016.16.020

11. Zhao S, Lv C, Gong J, Wenfeng F, Hu X, Ba Y, et al. Challenges in anticancer
drug R&D in China. Lancet Oncol. (2019) 20:183-6. doi: 10.1016/S1470-2045(18)
30865-9

12. Li X, Yang Y. The drug lag issue: a 20-year review of China. Invest New Drugs.
(2021) 39:1389-98. doi: 10.1007/s10637-021-01117-2

13. Opinions on Continuing the Reforms in Drug Review and Approval and Further
Encouraging Pharmaceutical Innovation (2013). Available online at: https://www.
nmpa.gov.cn/xxgk/fgwj/gzwj/gzwjyp/20130222120001551.html (Accessed January 18
2024).

14. Jia Y, Wen J, Qureshi R, Ehrhardt S, Celentano DD, Wei X, et al. Effect of
redundant clinical trials from mainland China evaluating statins in patients with
coronary artery disease: cross sectional study. BMJ. (2021) 372:n48. doi: 10.1136/
bmj.n48

15. Announcement on Carrying out Self-inspection and Verification of Drug
Clinical Trial Data (2015). Available online at: https://www.nmpa.gov.cn/xxgk/ggtg/
ypgetg/ypqtggtg/20150722173601172.html (Accessed January 18 2024).

16. Yang J, Yang J, Hu YJ. Characteristics of clinical trials of new oncology drugs
approved in China. Cancer. (2024) 130:671-82. doi: 10.1002/cncr.v130.5

17. Decision of the Chinese Food and Drug Administration on Matters Relating to
the Administration of Registration of Imported Drugs (2017). Available online at:
https://www.gov.cn/xinwen/2017-10/10/content_5230906.html (Accessed January 18
2024).

18. Zhang J, Zhang P, Wang H, Dong R. Changes in early-phase clinical trials in
China during 2013-2022: A review. Drugs R D. (2024) 24:383-90. doi: 10.1007/s40268-
024-00489-z

19. Tang W, Huang Y, Zhou D, Huang Y, Chen Y, Ren S, et al. Evolving drug
regulatory landscape in China: A clinical pharmacology perspective. Clin Transl Sci.
(2021) 14:1222-30. doi: 10.1111/cts.12987

20. Lin L, Li H. Analysis of clinical trials of new drugs for liver diseases in China.
Drug Des Devel Ther. (2021) 15:3181-91. doi: 10.2147/DDDT.S309964

21. LiN, Huang HY, Wu DW, Yang ZM, Wang ], Wang JS, et al. Changes in clinical
trials of cancer drugs in mainland China over the decade 2009-18: a systematic review.
Lancet Oncol. (2019) 20:619-26. doi: 10.1016/S1470-2045(19)30491-7

22. HaoJ, Li G, LiJ, Wang C, Li Y, He C, et al. Characteristics and trends in clinical
trials of cardiovascular drugs in China from 2009 to 2021. Am J Cardiovasc Drugs.
(2023) 23:301-10. doi: 10.1007/540256-023-00575-8

23. Bo C, Wang T, Hou C, Han J, Chen L, Zhang H, et al. Evolution of ischemic
stroke drug clinical trials in mainland China from 2005 to 2021. CNS Neurosci Ther.
(2022) 28:1229-39. doi: 10.1111/cns.13867

Frontiers in Endocrinology

11

10.3389/fendo.2024.1427148

24. Zhong Q, Tao Y, Chen H, Zhou Y, Huang L, Han X, et al. The changing
landscape of anti-lung cancer drug clinical trials in mainland China from 2005 to 2020.
Lancet Reg Health West Pac. (2021) 11:100151. doi: 10.1016/j.lanwpc.2021.100151

25. Lin L, Chen Y, Yan L, Liu Y, Ni J, Yang H, et al. Analysis of clinical trials of new
drugs in China as of 2019. Drug Discovery Today. (2020) 25:2080-8. doi: 10.1016/
j.drudis.2020.09.030

26. Liu Y, Zhang N, Xie C, Jiang Y, Qin Y, Zhou L, et al. Evolution of drug
regulations and regulatory innovation for anticancer drugs in China. Acta Pharm Sin B.
(2022) 12:4365-77. doi: 10.1016/j.apsb.2022.08.004

27. Zhou Q, Lei X, Fu S, Liu P, Long C, Wang Y, et al. Efficacy and safety of
tirzepatide, dual GLP-1/GIPreceptor agonists, in the management of type 2 diabetes: a
systematic review and meta-analysis of randomized controlled trials. Diabetol Metab
Syndr. (2023) 15:222. doi: 10.1186/s13098-023-01198-4

28. Zhang MZ, Bao W, Zheng QY, Wang YH, Sun LY. Efficacy and safety of finerenone
in chronic kidney disease: A systematic review and meta-analysis of randomized clinical
trials. Front Pharmacol. (2022) 13:819327. doi: 10.3389/fphar.2022.819327

29. He Y, Xu W, Xiao YT, Huang H, Gu D, Ren S. Targeting signaling pathways in
prostate cancer: mechanisms and clinical trials. Signal Transduct Target Ther. (2022)
7:198. doi: 10.1038/s41392-022-01042-7

30. Opinions on Reforming the examination and Approval System for Drugs and
Medical Devices (2015). Available online at: https://www.gov.cn/gongbao/content/
2015/content_2924002.html (Accessed January 18 2024).

31. Opinions on the Evaluation of the Quality and Efficacy of Generic Drugs (2016).
Available online at: https://www.gov.cn/zhengce/content/2016-03/05/content_
5049364.html (Accessed January 18 2024).

32. Good Clinical Practice (2020). Available online at: https://www.nmpa.gov.cn/
xxgk/fgwj/xzhgfxwj/20200426162401243.html (Accessed January 18 2024).

33. Dejgaard TF, Scholten BJ, Christiansen E, Kreiner FF, Bardtrum L, von Herrath
M, et al. Efficacy and safety of liraglutide in type 1 diabetes by baseline characteristics in
the ADJUNCT ONE and ADJUNCT TWO randomized controlled trials. Diabetes Obes
Metab. (2021) 23:2752-62. doi: 10.1111/dom.v23.12

34. Yousef CC, Thomas A, Matar MA, Ghandoura L, Aldossary I, Almuhanna SM,
et al. Liraglutide effects on glycemic control and weight in patients with type 2 diabetes
Mellitus: A real-world, observational study and brief narrative review. Diabetes Res Clin
Pract. (2021) 177:108871. doi: 10.1016/j.diabres.2021.108871

35. Tang W, Engman H, Zhu Y, Dayton B, Boulton DW. Bioequivalence and food
effect of dapagliflozin/saxagliptin/metformin extended-release fixed-combination drug
products compared with coadministration of the individual components in healthy
subjects. Clin Ther. (2019) 41:1545-63. doi: 10.1016/j.clinthera.2019.05.015

36. Hutchins V, Zhang B, Fleurence RL, Krishnarajah G, Graham J. A systematic
review of adherence, treatment satisfaction and costs, in fixed-dose combination
regimens in type 2 diabetes. Curr Med Res Opin. (2011) 27:1157-68. doi: 10.1185/
03007995.2011.570745

37. Flory J, Lipska K. Metformin in 2019. Jama. (2019) 321:1926-7. doi: 10.1001/
jama.2019.3805

38. Mathieu C, Ranetti AE, Li D, Ekholm E, Cook W, Hirshberg B, et al.
Randomized, double-blind, phase 3 trial of triple therapy with dapagliflozin add-on
to saxagliptin plus metformin in type 2 diabetes. Diabetes Care. (2015) 38:2009-17.
doi: 10.2337/dc15-0779

39. SuX, Wang H, Zhao N, Wang T, Cui Y. Trends in innovative drug development
in China. Nat Rev Drug Discovery. (2022) 21:709-10. doi: 10.1038/d41573-022-00077-3

40. Li C, Hao J, Wang C, Yang J, Zheng Y, Zhang K, et al. Changes in drug clinical
trials of thyroid diseases in China, 2009-2022. Drug Des Devel Ther. (2023) 17:2315-24.
doi: 10.2147/DDDT.S409617

41. Peng A, Fan X, Zou L, Chen H, Xiang J. Trend of clinical trials of new drugs for
rare diseases in China in recent 10 years. Orphanet ] Rare Dis. (2023) 18:114.
doi: 10.1186/s13023-023-02713-6

42. Chen H, Zhou Y, Han X, Shi Y. The changing landscape of anti-lymphoma drug
clinical trials in mainland China in the past 15 years (2005-2020): A systematic review.
Lancet Reg Health West Pac. (2021) 8:100097. doi: 10.1016/j.Janwpc.2021.100097

43. Work Requirements for the Construction Project of Clinical Evaluation
Technology Platforms for New Drugs (2019). Available online at: http://www.nhc.
gov.cn/qjjys/s3593k/201901/f4b2f724a564b35964b296b427b9002.shtml (Accessed
January 18 2024).

44. Liang R, Long J, Zheng Q, Yuan G, Chen X, Xin Z, et al. Current landscape of
type 1 diabetes mellitus-related interventional clinical trials registered on
ClinicalTrials.gov: a cross-sectional study. Acta Diabetol. (2021) 58:723-33.
doi: 10.1007/500592-020-01627-0

45. Collier JJ, Hsia DS, Burke SJ. From pre-clinical efficacy to promising clinical
trials that delay Type 1 diabetes. Pharmacol Res. (2024) 208:107342. doi: 10.1016/
j.phrs.2024.107342

frontiersin.org


https://doi.org/10.1038/s41581-020-0278-5
https://doi.org/10.1016/j.diabres.2018.02.023
https://doi.org/10.1016/j.diabres.2018.02.023
https://doi.org/10.1007/s00125-018-4557-7
https://doi.org/10.1016/j.cmet.2021.09.012
https://doi.org/10.1111/dom.14336
https://doi.org/10.2337/db20-0604
https://doi.org/10.1007/s00125-022-05754-x
https://doi.org/10.1080/03007995.2022.2103960
https://doi.org/10.1038/nrclinonc.2017.10
https://doi.org/10.1038/nrclinonc.2017.10
https://doi.org/10.13699/j.cnki.1001-6821.2016.16.020
https://doi.org/10.1016/S1470-2045(18)30865-9
https://doi.org/10.1016/S1470-2045(18)30865-9
https://doi.org/10.1007/s10637-021-01117-2
https://www.nmpa.gov.cn/xxgk/fgwj/gzwj/gzwjyp/20130222120001551.html
https://www.nmpa.gov.cn/xxgk/fgwj/gzwj/gzwjyp/20130222120001551.html
https://doi.org/10.1136/bmj.n48
https://doi.org/10.1136/bmj.n48
https://www.nmpa.gov.cn/xxgk/ggtg/ypggtg/ypqtggtg/20150722173601172.html
https://www.nmpa.gov.cn/xxgk/ggtg/ypggtg/ypqtggtg/20150722173601172.html
https://doi.org/10.1002/cncr.v130.5
https://www.gov.cn/xinwen/2017-10/10/content_5230906.html
https://doi.org/10.1007/s40268-024-00489-z
https://doi.org/10.1007/s40268-024-00489-z
https://doi.org/10.1111/cts.12987
https://doi.org/10.2147/DDDT.S309964
https://doi.org/10.1016/S1470-2045(19)30491-7
https://doi.org/10.1007/s40256-023-00575-8
https://doi.org/10.1111/cns.13867
https://doi.org/10.1016/j.lanwpc.2021.100151
https://doi.org/10.1016/j.drudis.2020.09.030
https://doi.org/10.1016/j.drudis.2020.09.030
https://doi.org/10.1016/j.apsb.2022.08.004
https://doi.org/10.1186/s13098-023-01198-4
https://doi.org/10.3389/fphar.2022.819327
https://doi.org/10.1038/s41392-022-01042-7
https://www.gov.cn/gongbao/content/2015/content_2924002.html
https://www.gov.cn/gongbao/content/2015/content_2924002.html
https://www.gov.cn/zhengce/content/2016-03/05/content_5049364.html
https://www.gov.cn/zhengce/content/2016-03/05/content_5049364.html
https://www.nmpa.gov.cn/xxgk/fgwj/xzhgfxwj/20200426162401243.html
https://www.nmpa.gov.cn/xxgk/fgwj/xzhgfxwj/20200426162401243.html
https://doi.org/10.1111/dom.v23.12
https://doi.org/10.1016/j.diabres.2021.108871
https://doi.org/10.1016/j.clinthera.2019.05.015
https://doi.org/10.1185/03007995.2011.570745
https://doi.org/10.1185/03007995.2011.570745
https://doi.org/10.1001/jama.2019.3805
https://doi.org/10.1001/jama.2019.3805
https://doi.org/10.2337/dc15-0779
https://doi.org/10.1038/d41573-022-00077-3
https://doi.org/10.2147/DDDT.S409617
https://doi.org/10.1186/s13023-023-02713-6
https://doi.org/10.1016/j.lanwpc.2021.100097
http://www.nhc.gov.cn/qjjys/s3593k/201901/f4b2ff724a564b35964b296b427b9002.shtml
http://www.nhc.gov.cn/qjjys/s3593k/201901/f4b2ff724a564b35964b296b427b9002.shtml
https://doi.org/10.1007/s00592-020-01627-0
https://doi.org/10.1016/j.phrs.2024.107342
https://doi.org/10.1016/j.phrs.2024.107342
https://doi.org/10.3389/fendo.2024.1427148
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	From past to present: tracing the trends of diabetes drug trials in mainland China
	1 Introduction
	2 Methods
	2.1 Eligibility criteria
	2.2 Information sources
	2.3 Search strategy
	2.4 Selection process
	2.5 Data item and extraction

	3 Results
	3.1 Characteristics of Drug Clinical Trials
	3.2 Geographical distribution of drug clinical trials
	3.3 Distribution of drug types
	3.4 Distribution of phases
	3.5 Distribution of dosage forms
	3.6 Distribution of single agents and compound drugs
	3.7 Distribution of leading units and sponsors

	4 Discussion
	5 Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	Supplementary material
	References


