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Purpose: A better understanding of the current features of type 2 diabetes mellitus (T2DM)-
related clinical trials is important for improving designs of clinical trials and identifying neglected
areas of research. It was hypothesized that the trial registration policy promoted the designs of
T2DM-related trials over the years. Therefore, this study aimed to present a comprehensive
overview of T2DM-related clinical trials registered in the ClinicalTrials.gov database.

Methods: T2DM-related clinical trials registered in the ClinicalTrials.gov database were
searched and assessed the characteristics of the relevant trials. We searched PubMed and
Google Scholar for the publication statuses of the primary completed trials.

Results: Overall, 5117 T2DM-related trials were identified for analysis. Of the interven-
tional trials, 71.5% had a primary treatment purpose while only 8.9% were prevention or
health service. There were more interventional trials registered prior to patient recruitment
between 2012 and 2019 than between 2004 and 2011 (44.6% vs 19.9%, P<0.001). The
period between 2012 and 2019 also had more trials that enrolled <100 participants (59.2% vs
50.9%), were single-center studies (60.7% vs 50.6%), had non-randomized allocations
(11.3% vs 6.3%), were open-label (49.2% vs 45.6%), and had smaller sample sizes than
the period between 2004 and 2011 (all P<0.001). The five-year cumulative publication rates
after primary completion of the trials were <40%.

Conclusion: Although the ClinicalTrials.gov database did not include all clinical trials, the
trials registered in the ClinicalTrials.gov database still accounted for most of the clinical
studies. Encouragingly, more interventional trials were registered prior to patient recruitment
over the years. The majority of T2DM-related clinical trials focused on drug-related treat-
ment, and trials regarding prevention in T2DM should be promoted. More attention should
be paid to improve the publication and dissemination of clinical trials results.

Keywords: clinical trials, type 2 diabetes mellitus, ClinicalTrials.gov, publication status

Introduction
Diabetes is a chronic disease with an estimated global prevalence of 450 million.'
The public health toll of diabetes is on an upward trajectory, with its prevalence
estimated to increase to 623 million by 2045; approximately 90% of these are type
2 diabetes mellitus (T2DM) patients.> The health, social, and economic burdens
caused by T2DM and its complications present a major challenge to healthcare
systems worldwide.’

T2DM is a complex endocrine and metabolic disorder. Genetic and environ-
mental factors, including varying degrees of insulin resistance, dysfunction of
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pancreatic B cells and o cells, and other endocrine distur-
bances, interact and cause organs damage.*” Over the past
two decades, many treatment options have been intro-
duced, and the overall quality of life of T2DM patients
has improved. However, due to the heterogeneity of the
etiologies and complications of T2DM, glycemic control
in T2DM are still
challenging.®* '® A large number of clinical trials have

and complications prevention
been conducted worldwide to improve the management
of T2DM.

Clinical trials, especially well-designed randomized
clinical trials (RCTs), are the foundation of evidence-
based medicine and the driving force behind the develop-
ment of clinical medicine. In 2004, the International
Committee of Medical Journal Editors (ICMJE) advocated
that clinical trials should be registered in a public registry
before participants were recruited to ensure transparency
of the process.'""'? ClinicalTrials.gov, a web-based registry
maintained by the National Library of Medicine (NLM)
and National Institutes of Health (NIH), was created to
provide the public and healthcare providers with easy
access to information about clinical trials. Currently, the
ClinicalTrials.gov database provides the most comprehen-
sive information about ongoing and completed clinical
studies worldwide."> However, despite the availability of
information regarding ongoing and completed clinical
trials, a thorough evaluation of T2DM-related trials is yet
to be conducted, and physicians still lack a comprehensive
understanding of clinical trials on T2DM.

A better understanding of the current features of
T2DM-related clinical trials is important for improving
designs of clinical trials and identifying neglected areas
of research, which will in turn improve the translatability
of results into benefits for patients. Hence, we conducted
this research to present a comprehensive overview of the
features of T2DM-related clinical trials registered in the
ClinicalTrials.gov database and to evaluate the publication
statuses of these trials.

Methods
Search and Selection of Relevant
Registered Trials

An established research protocol was developed in advance.
On July 1, 2020, we searched the ClinicalTrials.gov database
for relevant trials using the search term “type 2 diabetes
mellitus” or “non-insulin dependent diabetes” or “T2DM”.
All available results were downloaded as XML files.

Subsequently, all the data were imported into an Excel
form to facilitate further data selection, classification, and
management. Two investigators (JL and RL) independently
screened the “condition”, “brief title”, and “official title” of
the trials. For each potentially eligible trial, the full document
was retrieved and independently assessed for inclusion (JL
and RL). Any discrepancies were resolved by consensus, and
those unresolved through consensus were reviewed by a third
investigator (FL). Trials started between 2004 and 2019 were
included in our study. Trials with withdrawn, unknown,
terminated, and expanded access statuses and trials included
non-T2DM participants were excluded. Finally, all included
clinical trials were classified manually in duplicate by two
independent investigators (JL and RL). Inconsistencies were
resolved by consensus, and those unresolved through con-
sensus were classified by a third investigator (FL). This study
was approved by the Research Ethics Committee of the First
Affiliated Hospital of Sun Yat-sen University. Patient consent
was not required in this study.

Data Extraction

A data extraction form was developed by a senior inves-
tigator (YL). Three investigators (JL, RL, and FL) were
pre-trained in a pilot-testing phase to calibrate extraction
criteria. The following variables were extracted by two
(JL and RL)
a standardized data extraction form: age of participants,

investigators independently  using
sample size, study design, primary purpose of the trial,
types of interventions, types of therapeutic drugs, region
where the study was performed, centers, funding
sources, start date, status of trial, duration of trial, and
results of primary completed trials. Any disagreements
were resolved by consensus, and those unresolved
through consensus were reviewed by a third investigator
(FL). If an industry was listed as the lead funder, the trial
was classified as being funded by the industry. If the
NIH was listed as the lead funder, the trial was consid-
ered NIH-funded.'* The time to primary completion was
defined as the time from the start of the trial to the time
the primary endpoint was reached. The duration of the
trial was defined as the time from the start of the trial to

the completion of the trial.

Search for the Publication Statuses of

Included Trials
Two investigators (JL and RL) independently searched for
peer-reviewed publications of trials in a stage of primary
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completion by using a standardized strategy. The “publica-
tions” field in the ClinicalTrials.gov database was identi-
fied and used to
publications. We then searched PubMed and Google

search for potentially matching

Scholar by using brief titles and registration numbers in
all the fields. The search for the publication statuses of the
trials was updated and finalized by July 5, 2020.
Publication was confirmed by matching the study charac-
teristics outlined in the ClinicalTrials.gov database with
the description in the published manuscript. The earliest
article that reported primary outcome results was chosen if
multiple publications were obtained from the same regis-
tered trial. Study protocols, commentaries, interim ana-
lyses, and other non-relevant publication types were
excluded. A third investigator (FL) independently recon-
firmed the selection and conducted a publication search for
the studies that were found to be unpublished by the first
two investigators. Differences were resolved by consensus.

Statistical Analysis

The year 2012, which was the mid timepoint of
2004-2019, was chosen as the cutoff to compare the
characteristics of interventional trials. The number (per-
centage) of categorical variables and the median (inter-
quartile range) of continuous variables were calculated.
The »* test was used to compare categorical variables.
Kaplan—Meier analysis was used to analyze the cumulative
publication rates after primary completion of the trials.
Trials that did have not a “completed” status were
excluded from the analysis. All statistical tests were per-
formed using SAS version 9.4 software (SAS, institute,
Cary, NC), and a two-sided P value <0.05 was considered
statistically significant.

Results
Distribution of T2DM-Related Clinical

Trials

A total of 7823 registered clinical trials were retrieved
from the Clinicaltrials.gov database; 2706 of the clinical
trials were started before 2004 and after 2019. Trials that
had withdrawn (n=120), unknown (n=670), and terminated
(n=361) statuses and trials that included non-T2DM parti-
cipants (n=769) were excluded. A total of 5117 clinical
trials were eligible for analysis, including 794 (15.5%)
observational trials and 4323 (84.5%) interventional trials
(Figure 1). Inter-rater agreement for selecting the trials for
full-document review was excellent with a kappa of 0.92

(95% CI=0.91-0.94). The distribution of the eligible trials
by year according to the time of registration was summar-
ized in Figure 2. Overall, the number of registered T2DM-
related clinical trials has increased over the years. The
number of trials registered between 2004 and 2009
increased rapidly but decreased slightly after 2009. Since
2012, the number of T2DM-related clinical trials regis-
tered each year has remained stable.

Characteristics of the Interventional and

Observational Trials

Table 1 presents the characteristics of the interventional
and observational trials. Fewer children were enrolled in
the interventional trials than in the observational trials
(3.3% vs 22.2%). More interventional trials than observa-
tional trials were registered before patient recruitment
(33.2% vs 23.7%), had fewer than 100 participants
(55.3% vs 27.9%), and were mainly focused on drug-
related therapy (63.3% vs 52.6%) (all P<0.001). Most
T2DM-related clinical trials were conducted in the
United States/Canada/Europe (70.6% of the interventional
trials and 63.8% of the observational trials). More inter-
ventional trials than observational trials were multiple-
center studies (33.9% vs 20.8%) and were funded by
industries (54.5% vs 46.2%) (both P<0.001). Most of the
included trials had a primary completed status (83.3% of
the interventional trials and 78.0% of the observational
trials). After primary completion of the trials, interven-
tional trials had more results available in the
ClinicalTrials.gov database (28.5% vs 8.3%) and more
publications (31.8% vs 19.5%) than observational trials
(both P<0.001).

Trend of Changes in the Characteristics

of the Interventional Trials

The characteristics of the T2DM-related interventional
trials registered between 2004-2011 and 2012-2019 are
listed in Table 2. More of the interventional trials regis-
tered between 2012 and 2019 were registered before
patient recruitment than those registered between 2004
and 2011 (44.6% vs 19.9%); more of the trials registered
between 2012 and 2019 also had fewer than 100 partici-
pants (59.2% vs 50.9%), were single-center studies (60.7%
vs 50.6%), had non-randomized allocations (11.3% vs
6.3%), and were open-label (49.2% vs 45.6%) (all
P<0.001). The proportion of intervention trials conducted
in Asia increased from 17.7% to 26.1% during the two
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7,823 trials identified in
ClinicalTrails.gov (search
conducted on 01 July 2020)

Excluded
Started before 2004: n=510
Started after 2019: n=276

\ 4

/

7,037 trials started between 2004
and 2019

Excluded

Withdraw: n=120

» Unknown status: n=670

Terminated: n=361

Not involving type 2 diabetes participants: n=769

/

5,117 eligible trials for analysis

y Y
794 observational trials 4,323 interventional trials
Y Y
1,987 trials registered 2,336 trials registered
between 2004 and 2011 between 2012 and 2019

Figure | Flow chart of trial selection.
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Figure 2 Distribution of the eligible clinical trials according to the registered year.

periods (P<0.001). Of all the interventional trials, 71.5%  intervention trials that focused on health services or pre-
had a primary treatment purpose while only 8.9% were ventive measures increased from 6.7% to 10.7% during the
prevention or health service. The proportion of two periods (P<0.001).
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Table | Characteristics of Interventional and Observational Table | (Continued).
Trials
L. i . Characteristics Interventional Observational P-value
Characteristics Interventional Observational P-value
) A Trials (n=4323) | Trials (n=794)
Trials (n=4323) | Trials (n=794)
Participant <0.001 Results of primary <0.001
completed studies®
Adults and 144 (3.3%) 176 (22.2%)
o No results 2788 (71.5%) 620 (91.7%)
children )
Only adults 4179 (96.7%) 618 (77.8%) available
Results available 1114 (28.5%) 56 (8.3%)
Sample size <0.001
Study completion <0.001
<50 1584 (36.6%) 138 (17.4%) - -
51-100 808 (18.7%) 83 (105%) Com?leted 3600 (83.3%) 619 (78.0%)
101-200 639 (14.8%) 83 (10.5%) Ongoing 723 (16.7%) 175 (22.0%)
> 200 1280 (29.6%) 489 (61.6%) Publication® <0.001
NA 12 (0.3%) I (0.1%)
No publication 2455 (68.2%) 498 (80.5%)
Registered after <0.001 Published 1145 (31.8%) 121 (19.5%)
recruitment N . . - o -
Notes: “The participants of trials included both adults and children; "The trials
No 1436 (33.2%) 188 (23.7%) without available data were not included in the analysis; “The sum of number was
’ ’ the number of primary completed trials; “The sum of number was the number of
Yes 2887 (66.8%) 606 (76.3%) completed trials.
Abbreviations: NA, not available; NIH, National Institutes of Health.
Intervention or <0.001
exposureb
Drugs 2720 (63.3%) 289(52.6%) .. . .1 .
Surgery 6 (160 2% (5.1% Distribution of Antidiabetic Drugs
Education or 934 (21.7%) 83 (15.1%) Figure 3 shows the summary of the common antidiabetic
lifestyle intervention drugs studied in T2DM-related clinical trials and the trend
Dietary 294 (6.8%) 9 (1.6%) of changes that occurred during the two periods between
Supplement 2004-2011 and 2012-2019. Insulin, metformin, dipeptidyl
Device 220 (5.1%) 47 (8.6%) . o X .
Stem cell therapy | 16 (0.4%) I (0.2% peptidase-4 inhibitors, glucagon-like peptide-1 receptor
Others 46 (1.1%) 92(16.8%) agonists (GLP-1RAs), and sodium glucose cotransporter-
_ 2 (SGLT-2) inhibitors were the antidiabetic drugs most
Region <0.001 . ) ) ]
commonly studied in the trials. The trials focused less on
US/Canad 1871 (43.3% 190 (23.9% . C e .
anada (43.3%) (23.9%) a-glucosidase inhibitors and sulfonylureas. The proportion
Europe 1180 (27.3%) 317 (39.9%) } A
Asia %1 (22.3%) 230 (29.0%) of trials that focused on GLP-1RAs and SGLT-2 inhibitors
Others 308 (7.1%) 57 (7.2%) increased rapidly from 2012 to 2019. The proportion of
trials that focused on thiazolidinediones (TZDs) shrunk
Center <0.001 .
Single-center 2425 (56.1%) 526 (66.2%) over time.
Multi-center 1466 (33.9%) 165 (20.8%)
NA 432 (10.0%) 103 (13.0%) Publication Status of Primary Completed
Funder <0.001 Trials
Industry 2357 (54.5%) 367 (46.2%) The one-year, three-year, and five-year cumulative publi-
NIH 182 (4.2%) 38 (4.8%) cation rates since trial primary completion were 4.3%,
Others 1784 (41.3%) 389 (49.0%) 26.0%, and 33.1%, respectively (Figure 4). Table 3
Primary completed <0.001 shows the detailed characteristics of the completed inter-
studies vention trials according to publication status; 82.8% of the
No 421 (9.7%) 118 (14.9%) published trials reported positive outcomes. More pub-
Tes 3902 (90.3%) 676 (85.1%) lished trials than unpublished trials enrolled more than
(Continued) 100 participants (57.2% vs 38.3%), were multi-center
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Table 2 Trend of Changes in the
Interventional Trials Registered Between Two Temporal Subsets

Characteristics of

Table 2 (Continued).

Characteristics Registered Registered Pvalue Characteristics Registered Registered P-value
Between Between
Between Between 2004 and 2012 and
2004 and 2012 and o1t an 2019 an
2011 2019 =1987 = 2336
(n=1987) (n= 2336) (n=1987) (n=2336)
Registered after <0.001 Center <0.001
recruitment Single-center 1006 (50.6%) 1419 (60.7%)
No 395 (19.9%) 1041 (44.6%) Multi-center 768 (38.7%) 698 (29.9%)
Yes 1592 (80.1%) | 1295 (55.4%) NA 213 (10.7%) 219 (9.4%)
Sample size <0.001 Funder <0.001
<50 671 (33.8%) 913 (39.1%) Industry 1305 (65.7%) | 1052 (45.0%)
51-100 339 (17.1%) 469 (20.1%) NIH 97 (4.9%) 85 (3.6%)
101-200 287 (14.4%) 352 (15.1%) Others 585 (29.4%) 1199 (51.3%)
> 200 678 (34.1%) | 602 (25.8%) —— : : : :
Note: “The trials without available data were not included in the analysis.
NA 12 (0.6%) 0 Abbreviations: NA, not available; NIH, National Institutes of Health.
Purpose <0.001
Treatment 1539 (77.5%) | 1551 (66.4%)
Diagnosis or 25 (1.3%) 54 (2.3%) studies (43.5% vs 32.4%), had randomized allocations
screening (95.9% vs 89.6%), and used blinding methods (57.2% vs
Supportive care 53 (27%) 141 (6.0%) 51.9%) (all P<0.001). Published trials had more results
Health service or 133 (6.7% 251 (10.7% . . .. .
preventive (6.7%) ( ) available in the ClinicalTrials.gov database than unpub-
Basic science 120 (6.0%) 208 (8.9%) lished trials (447% \'A) 244%, P<0001)
NA 117 (5.9%) 131 (5.6%)
Phase® <0.001 Discussion
Phase | 325 (21.4%) 271 (21.1%) The aim of this study was to present a comprehensive
Phase 1/2 35 (2.3%) 24 (1.9%) overview of the T2DM-related clinical trials registered in
Phase 2 298 (19.6%) | 208 (16.2%) the ClinicalTrials.gov database. To the best of our knowl-
Phase 2/3 43 (28%) 27 (2.1%) edge, this is the first comprehensive assessment of the
Phase 3 505 (33.2% 359 (27.9% .. .. .
ase ( ) ( ) characteristics of T2DM-related clinical trials. Our results
Phase 4 315 (20.7%) 398 (30.9%) o .
showed that the T2DM-related clinical trials were mostly
Allocation <0.001 intervention trials. The interventional trials registered
Non-randomized 125 (6.3%) 263 (11.3%) between 2012 and 2019 had smaller sample sizes, included
Randomized 1862 (93.7%) | 2073 (88.7%) more single-center studies, had more non-randomized allo-
Blinding® <0.001 cations, and had more open-label studies than those regis-
tered between 2004 and 2011. The T2DM-related clinical
Blind 1073 (54.4% 1186 (50.8% . .
" ( ) ( ) trials mainly focused on drug-related therapy rather than
Open label 898 (45.6%) 1150 (49.2%) ) i ) i
preventive strategy. The proportion of trials that involved
Region <0.001 GLP-1RAs and SGLT-2 inhibitors increased rapidly over
US/Canada 962 (48.4%) 909 (38.9%) the years. The five-year cumulative publication rates after
Europe 546(27.5%) 634 (27.1%) primary completion of the trials were lower than 40%.
Asia 352 (17.7%) | 609 (26.1%) The results of the present study showed that more than
Others 127 (64%) 184 79%) 80% of T2DM-related clinical trials were interventional
(Continued) trials, a proportion that was similar to that of other chronic
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A Insulin 24.0%

Metformin

Sulfonylureas

20.2%
19.0%

DPP-4 inhibitors

13.9%
GLP-1RAs > 21.6%

SGLT-2 inhibitors 20.8%

TZDs
AGls
Other antidiabetics ®2004-2011 =2012-2019
I 0,
B insutin e

: 15.1%
Metformin L a5

e 77
Sulfonylureas Il 6.5%

o 21.5%
DPP-4 inhibitors L 8%

14.3%
GLP-1RAs s e 21.4%

P, 8.1%
SGLT-2 inhibitors [ e 19.1%

10.9%

TZDs | 6%

o 1.4%
AGIs ) 1.5%

10.0%

Other antidiabetics ([ 5.6%

2004-2011 =2012-2019

Figure 3 Distribution of the common antidiabetic drugs studied in all T2DM-
related clinical trials (A) and in T2DM-related intervention trials (B) between
two temporal subsets (2004-2011 and 2012-2019). The sum of the percentages
may exceed 100% as categories were not mutually exclusive.

Abbreviations: DPP-4, dipeptidyl peptidase-4; GLP-IRAs, glucagon-like peptide-|
receptor agonists; SGLT-2, sodium glucose cotransporter-2; TZDs, thiazolidine-
diones; AGls, a-glucosidase inhibitors.

0.57

o o o
) @ EN

Cumulative publication rate
e

0.0+

disease trials.'>'® Registration of clinical trials has
improved significantly since the ICMIJE proposed the
guideline that clinical trials should be registered in
a public registry before participants are recruited.'”'®
The results of the present study showed that there were
more trials registered prior to patient recruitment between
2012 and 2019 than those registered between 2004 and
2011. However, the design of T2DM-related interventional
clinical trials between 2012 and 2019 differed from those
between 2004 and 2011. Firstly, the sample sizes of the
intervention trials between 2012 and 2019 were generally
small. This could probably be due to the rapid develop-
ment and application of new antidiabetic drugs in the past
decade'® and the increased number of exploratory clinical
trials that focused on the safety and efficacy of the new
drugs. The new drugs were more expensive than the tradi-
tional antidiabetic drugs, and the financial burden on
researchers or clinicians limited the recruitment of partici-
pants in trials. Another possible reason might be that the
small-sample trials were less registered in the early years
but forced to be registered in the later years due to the trial
publication policy. Secondly, the proportion of multi-
center trials was small. A potential reason for this may
be that more trials were conducted in Asia between 2012
and 2019. There were huge differences in health policies
and inequality in economic development across the Asian

2021 \which may limit the cooperation of staff and

region,
administration in multiple centers. Finally, the proportion

of clinical trials that involved blinding and randomized

0 12 24 36 48 60 72 84 96 108 120 132 144 156 168 180 192
Months after trial primary completion
No. at risk 3464 3212 2619 2111 1806 1542 1336 1140 966 783 602 449 301 168 90 30 6

Figure 4 Cumulative publication rate curve since trial primary completion. Kaplan—-Meier analysis was used. Trials with a “completed” status were included in the analysis.
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Table 3 Characteristics of Completed Interventional Trials
According to the Publication Status®

Table 3 (Continued).

Ch teristi U blished Published P-val

Characteristics Unpublished | Published P-value aracteristics T;l;ssls © u_|l|s4: value

(n=2455) (n=1145) (n=2455) (n=1145)

Sample size <0.00] Others 170 (6.9%) 75 (6.6%)
<50 1021 (41.6%) | 332 (29.0%) Center <0.00i
51-100 482 (19.6%) 158 (13.8%) Single-center 1386 (56.5%) | 534 (46.6%)

101-200 370 (15.1%) 150 (13.1%) Multi-center 795 (32.4%) 498 (43.5%)
> 200 570 (23.2%) 505 (44.1%) NA 274 (11.2%) 113 (9.9%)
NA 12 (0.5%) 0
Funder 0.071
Phase® <0.001
Industry 1445 (58.9%) | 703 (61.4%)
Phase | 472 (28.5%) 80 (9.6%) NIH 88 (3.6%) 52 (4.5%)
Phase 1/2 37 (2.2%) 13 (1.6%)
O, )
Phase 2 321 (19.4%) 143 (17.1%) Others 922 (37.6%) | 390 (34.1%)
Phase 2/3 35 (2.1%) 29 (3.5%) Registered afcer 0011
Phase 3 424 (25.6%) | 355 (42.5%) recruitment
Phase 4 368 (22.2%) 215 (25.7%)
No 679 (27.7%) 364 (31.8%)

Allocation <0.001 Yes 1776 (72.3%) | 781 (68.2%)
Non-randomized 256 (10.4%) 47 (4.1%) Study duration (month) | 162 (8.9,28.4) | 20.3 <0.001
Randomized 2199 (89.6%) | 1098 (132,32.5)

(95.9%)
Duration of primary 152 (8.125.4) | 183 <0.001

Blinding 0.010 completion(month) (12.2,28.9)

Blind 1274 (51.9%) 655 (57.2%) Notes: *Publication statuses of the trials were searched through PubMed and
Open label 1168 (47.6%) 486 (42.4%) Go'ogle Scholar and uRdated an'd finalized l?y July 5, 2020; ®The trials without
o o available data were not included in the analysis.

NA 13 (0.5%) 4 (0.3%) Abbreviations: NA, not available; NIH, National Institutes of Health.

Purpose 0.016
Treatment 1752 (71.4%) 880 (76.9%) . . .

Diagnosis or 48 (1.9%) 1 (1.0%) designs shrunk. With the development of evidence-based
screening medicine, well-designed RCTs play an important role in

Supportive care 106 (4.3%) 39 (3.4%) the establishment of health policies and in the decision-

Health service or 199 (8.1%) 87 (7.6%) making of clinicians. A lack of randomization and blind-
preventive ing greatly increased the risk of bias in the results of

Basic science 202 (8.2%) 72 (6.3%) 2 . .

NA 148 (6.0%) 56 (4.9%) trials.™ Therefore, more attention should be paid to the

design of T2DM-related clinical trials.
Results of pri <0.001 . - .
esults of primary Drug-related therapy, especially antidiabetic drug ther-
completed studies L. .
apy, has always been a hot topic in T2DM-related clinical
No results available | 1856 (75.6%) | 633 (35.3%) trials. In the past 20 years, many antidiabetic drugs have
Result: ilabl 599 (24.4% 512 (44.7% . . ..
oestu > avaflale ( ) ( ) been introduced, and this influenced the goal/objective of
utcome
.. . 23
Negative _ 197 (17.2%) | - drug-related clinical trials.” In the present study, the pro-
portion of clinical trials on insulin and metformin was
Positive - 948 (82.8% .. .
( ) more than 40%. The number of clinical trials on TZDs

Region <0.001 decreased significantly after 2012, whereas the number of
US/Canada 1034 (42.2%) 541 (47.2%) clinical trials on GLP-1RAs and SGLT-2 inhibitors
Europe 671 (27.4%) 329 (28.7%) increased rapidly, a finding which was similar to the
Asia 578 (23.6%) 200 (17.5%) results of another study.* TZDs were introduced in the

(Continued) late 1990s. Rosiglitazone was discontinued in Europe and
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its use was restricted in the USA in 2008 after reports of
an association with cardiovascular risk.>> Pioglitazone was
discontinued in 2011 in some European countries pending
enquires into a possible risk of bladder cancer.?®
Therefore, clinical trials on TZDs decreased significantly
between 2012 and 2019. GLP-1RAs were introduced in
2005, and the first SGLT-2 inhibitor, dapagliflozin, was
approved in 2013 after the Food and Drug Administration
issued its recommendation for the treatment of T2DM.
Currently, clinical trials were conducted with special inter-
est in their influence on the cardiovascular system and on
nephropathy.?”-**

The the

International Diabetes Federation emphasized that diabetes
1,29:30

American Diabetes Association and
prevention should be the focus of future researc
Previous studies demonstrated that lifestyle intervention
and health education implementation may delay the onset
of diabetes in high-risk persons.’'* Therefore, additional
research was needed to assess the effectiveness of preven-
tion strategies in clinical practice and standardize their
implementation.***> We found that most T2DM clinical
trials in the ClinicalTrials.gov database focused on drug-
related therapy, while only small percentages were primar-
ily concerned with prevention, health services research,
supportive care, diagnosis or screening. Although the
ideal proportion of trials focused on prevention has not
been established, the current T2DM-related clinical trials
appeared to be inadequate for expanding and refining pre-
ventive strategies into the community setting.

The systematic reporting and publication of clinical
research results provide a reliable basis for evidence-
based medicine, facilitate the establishment of health poli-
cies, aids clinicians in decision-making, and promote the
development of public health and clinical medicine.*
Following the announcement of the ICMIJE trial registra-
tion policy in 2004, some organizations subsequently
enacted laws and policies requiring the systematic report-
ing of aggregate results. In the USA, the Food and Drug
Administration Amendments Act (FDAAA) of 2007 estab-
lished a legal mandate requiring those responsible for
initiating clinical trials to report summary results for cer-
tain trials.*” In 2016, the department of Health and Human
Services promulgated regulations to implement, clarify,
and expand legal requirements under FDAAA for trial
3 The Chinese Trial

Collaboration

results information submission.

Registration and Publication issued
the second statement to implement the publication ethic

of clinical trials in 2011.>° In June 2017, the ICMJE

published a statement supporting data-sharing policy for
clinical trials.*® However, in the present study, more than
70% of trials had no results available in the ClinicalTrials.
gov database and the five-year cumulative publication
rates of T2DM-related clinical trials after primary comple-
tion were lower than 40%. Previous studies showed that
publication rates among completed trials registered in
ClinicalTrials.gov were less than 50%.*' Selective publi-
cation was an important factor that affects the publication
of biomedical research.*? If trial results put either investi-
gators/sponsors at financial risk or trial results contradicted
investigators’ beliefs, publications may be delayed or
suppressed.*® In addition, researchers, reviewers, and edi-
tors were generally more enthusiastic about positive or
equivalence trials and less excited about negative trials.''
As 82.8% of the published trials in the present study
reported positive results, our study results were in accor-
dance with this opinion.

The limitations of our study should be addressed.
Firstly, the ClinicalTrials.gov database does not include
all clinical trials, and investigators may use other world-
wide registries to fulfill the ICMJE-advocated mandatory
registration guideline. However, the trials registered in the
ClinicalTrials.gov database still account for most of the
in the World Health Organization
International Clinical Trials Registry Platform. Secondly,

clinical studies
the data for all clinical trials in the database were reported
by researchers and the NLM cannot verify the validity of
all trial information in the ClinicalTrials.gov database.
Finally, the data of all trials in the ClinicalTrials.gov
database were not always complete and up to date.

Conclusion

In summary, this study presented the first comprehensive
overview of T2DM-related clinical trials registered in the
ClinicalTrials.gov database. Our results indicated that
there were more interventional trials registered prior to
patient recruitment over the years. The majority of T2DM-
related clinical trials focused on drug-related treatment,
and trials regarding prevention in T2DM should be pro-
moted. More attention should be paid to improve the
publication and dissemination of clinical trials results.
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