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Objective: To assess the main characteristics and result reporting of registered
COVID-19 interventional trials of traditional Chinese medicine and traditional
Indian medicine.

Materials and methods: We assessed design quality and result reporting of
COVID-19 trials of traditional Chinese medicine (TCM) and traditional Indian
medicine (TIM) registered before 10 February 2021, respectively, on Chinese
Clinical Trial Registry (ChiCTR) and Clinical Trial Registry-India (CTRI). Comparison
groups included registered COVID-19 trials of conventional medicine conducted
in China (WMC), India (WMI), and in other countries (WMQO). Cox regression
analysis was used to assess the association between time from trial onset to result
reporting and trial characteristics.

Results: The proportion of COVID-19 trials investigating traditional medicine was
33.7% (130/386) among trials registered on ChiCTR, and 58.6% (266/454) on CTRI.
Planned sample sizes were mostly small in all COVID-19 trials (median 100, IQR:
50-200). The proportion of trials that were randomized was 754 and 64.8%,
respectively, for the TCM and TIM trials. Blinding measures were used in 6.2%
of the TCM trials, and 23.6% of the TIM trials. Cox regression analysis revealed
that planned COVID-19 clinical trials of traditional medicine were less likely to
have results reported than trials of conventional medicine (hazard ratio 0.713, 95%
confidence interval: 0.541-0.939; p = 0.0162).

Conclusion: There were considerable between-country and within-country
differences in design quality, target sample size, trial participants, and reporting
of trial results. Registered COVID-19 clinical trials of traditional medicine were
less likely to report results than trials of conventional medicine.

COVID-19 clinical trials, China, India, traditional medicine, a comparative analysis
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Summary box

What is already known on this topic

e Many clinical trials were registered to evaluate traditional
Chinese and Indian remedies for the treatment of COVID-19.

e Previous studies have characterized registered COVID-19
clinical trials of traditional medicine. However, there were no
studies on result reporting of such registered trials.

What this study adds

e There were considerable between-country and within-country
differences in design quality, target sample size, types of trial
participants, and reporting of trial results.

e Registered COVID-19 clinical trials of traditional medicine
were less likely to report results than trials of conventional
medicine.

How this study might affect research,
practice or policy

e Lessons learned from COVID-19 clinical trials of traditional
medicine will contribute to the improvement of the design,
conduct, and reporting of clinical trials of traditional medicine
for the ongoing COVID-19 pandemic and new emerging acute
infectious diseases in future.

Introduction

Coronavirus disease 2019 (COVID-19) caused by severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) was first
reported in December 2019, and the World Health Organization
(WHO) declared the COVID-19 a global pandemic on 11 March
2020 (1). Because of no proven conventional treatments for
COVID-19 at the early phase of the pandemic, traditional remedies
were adopted in many countries, including the most populous
countries of the world, China and India (2-4). The use of traditional
medicine for COVID-19 was initially based on previous experience
of the treatment of similar symptoms and respiratory diseases
(5). Simultaneously, many COVID-19 clinical trials of traditional
medicine were registered since the onset of COVID-19 outbreak
6, 7).

Serious concerns were raised regarding the registered COVID-
19 clinical trials, including waste of research sources due to poor
quality, small sample sizes, redundancy, or unnecessary duplication
(8-10). Although previous studies have characterized registered
COVID-19 clinical trials of traditional medicine, we are not aware
of studies on result reporting of such registered trials. To avoid the
waste of research resources, results of all clinical trials should be

Frontiers in Medicine

10.3389/fmed.2023.1118269

reported, including results of underpowered studies and so-called
failed clinical trials with negative results, which may contribute to
evidence-based medicine and the design of further studies (11).
This study aimed to assess and compare the main characteristics
and result reporting of registered COVID-19 clinical trials of
traditional Chinese and Indian medicine, and to reveal lessons to
be learned from COVID-19 clinical trials of traditional medicine.

Materials and methods

Inclusion/exclusion criteria

A database of COVID-19 clinical trials registered in multiple
trial registries globally is available from the International
Clinical Trials Registry Platform (ICTRP) of the World Health
Organization (WHO).! Relevant trials were identified from the
WHO ICTRP database of registered COVID-19 clinical trials
downloaded on 10 February 2021.

We included COVID-19 trials of traditional Chinese medicine
(TCM) registered on Chinese Clinical Trial Registry (ChiCTR), and
COVID-19 trials of traditional Indian medicine (TIM) registered
on Clinical Trials Registry -India (CTRI). For making comparisons
between trials of traditional and conventional medicine, and
between countries, we also included COVID-19 clinical trials of
conventional (or Western) medicine registered on ChiCTR, CTRI,
and a random sample of 400 trials registered on Clinical. Trials.gov.
Microsoft Excel (for Microsoft 365 MSO) was used to manage
trials registered on ChiCTR, CTRI and Clinical. Trials.gov. We
used Excel RAND command to generate a random number (from
0 to 1) for each of trials registered on Clinical. Trials.gov, and
selected the first 400 after ordering by the assigned random number
from the smallest to the largest. We excluded observational or
other non-interventional studies, duplicate registry entries, trials
registered on ChiCTR but conducted in countries other than
China, and trials registered on CTRI but conducted in countries
other than India.

Data extraction

Data extraction and searching of reported trials were conducted
independently by two reviewers, and any disagreements between
the reviewers were resolved by discussion. The ICTRP COVID-
19 database contains information on trial registration number
(TRN), country, design, target sample size, trial sponsors,
interventions evaluated, inclusion and exclusion criteria,
date of registration, recruitment status, date of trial onset,
and so on. We checked the original trial registration if the
required data were missing or unclear in the ICTRP database.
We categorized trial primary sponsors as industry or non-
industry. Trials were categorized as randomised controlled
trial (RCT) or not, parallel or not, and with any blinding

measures or without. Evaluated interventions were categorized as:

1  https://www.who.int/clinical-trials- registry- platform
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WHO ICTRP 10-02-2021 *  Observational (3264)
Total N=8039 Basic science (8)
* Diagnostic (49)
» * Epidemiological (10)
v * Health services Research
Trials on Interventional trials (12)
other - +  Prognostic (2)
L o N=4674 *  other/meta-analysis (13)
registries ///// Post marketing survey (3)
N=1404 S Multiple entries (4)
////
Reglstfared on Registered on Registered on
ChiCTR CTRI . .
N=402 N=462 ClinicalTrials.gov
- N l N=2406
Trials in China Trials in India
N=386 N=454 Y
WMO
/\ ./\ n=400 (random
TCM WMC TIM WMI sample, not in China
n= 130 n= 256 n= 267 n= 187 or India)
FIGURE 1

Process of selecting registered COVID-19 interventional trials. ChiCTR, Chinese Clinical trial Registry; CTRI, Clinical Trials Registry-India; TCM,
traditional Chinese medicine; WMC, trials on conventional (western) medicine in China; TIM, traditional Indian medicine; WMI, trials on conventional
medicine in India; WMO, conventional or other medicine in countries other than China and India.

pharmacological, alternative/dietary, immunological (including
antibody and convalescent plasma), vaccine, stem cell, digital
health, ventilation/oxygen, physical therapy/rehabilitation, and
behavioral/psychological. These intervention categories may
not be mutually exclusive. Alternative/dietary interventions
included traditional medicine, other alternative or complementary
remedies, and dietary supplementary interventions. Traditional
Chinese medicine (TCM) included herbal, compound formulas,
acupuncture, and other traditional remedies. Traditional Indian
medicine (TIM) included Ayurveda, yoga, naturopathy, Unani,
Siddha, and homeopathy. Registered trials were categorized as trials
including patients with severe, non-severe and recovered COVID-
19 cases, and individuals without COVID-19 at enrolment.
“Non-severe” cases included patients from asymptomatic, mild or
moderate severity, but trials that included cases from moderate to
severe or critical severity were categorized as trials of severe cases.
Participants without COVID-19 at enrolment included healthy
volunteers, health workers, contacts of confirmed cases, or general
community residents.

To identify trials that reported results, we first checked fields
in the trial registers regarding result reporting and publications.
If there was no information on result reporting in the register,
we searched Google or Microsoft Bing using the unique trial
registration number (TRN) as search term. Any reporting of
outcome results was eligible, including interim results before trials’
completion. Types of result reporting were categorized as preprint,
journal article, result posted on trial register, and news release. If the
result of a clinical trial was reported through multiple approaches,
we used the date and type of the earliest open access reporting.
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Data analysis

We compared characteristics of registered COVID-19 clinical
trials between traditional medicine and conventional medicine
within and across countries. To compare characteristics of different
groups of trials, we used Pearson’s chi-squared test (with simulated
p-values in cases of small event numbers) for categorical variables,
and used non-parametric Kruskal-Wallis rank sum test for
continuous variables that were not normally distributed. Statistical
significance was defined as two-sided P < 0.05.

The primary endpoint is time from trial onset (start of
enrolment) to the first reporting of results. We conducted survival
analysis to compare time (days) from trial onset to the first
reporting of results using Kaplan-Meier survival curves and the
log rank test. Time from onset to result reporting was censored
on 20 April 2022, which was also applied to registered trials that
never started or were early terminated, and trials that reported
results after 20 April 2022. We conducted Cox proportional hazards
regression analysis to assess the association between time from
trial onset to result reporting and trial characteristics (including
traditional or conventional medicine, country, industry-sponsor,
randomized or not, sample size, and dates of registration). We used
R computing language for statistical analyses, (12) and R “survival”
package for Cox proportional hazards regression models (13).

Patient and public involvement

Patient and public were not directly involved in this study.

frontiersin.org


https://doi.org/10.3389/fmed.2023.1118269
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org/

Zhao et al.

Results

The main characteristics of the
registered trials

The process of selection of registered COVID-19 trials is
shown in Figure 1. We finally included 130 registered COVID-19
clinical trials of traditional Chinese medicine (TCM), 256 trials of
conventional medicine in China (WMC), 267 trials of traditional
Indian medicine (TIM), 187 trials of conventional medicine in
India (WMI), and a random sample of 400 trials conducted in other
countries (WMO). The proportion of trials of traditional medicine
was 33.7% among the trials registered on ChiCTR, and 58.8%
among the trials registered on CTRI. The main characteristics of
the included trials are shown in Table 1.

The proportion of trials registered prospectively was 55.2%
among trials on ChiCTR, compared with 100 and 99%, respectively,
among trials on CTRI and Clinical. Trials.gov (Table 1). The
proportion of industry-sponsored trials was much lower in China
(1.8%), compared with India and other countries (24.8%). The
median date of trial registration was 28 February 2020 for trials
in China, 20 July 2020 in India, and 21 June 2020 in other
countries (Table 1). The distribution of dates of trial registration
corresponded to the first wave of the COVID-19 outbreak in
different countries (Supplementary Figure 1). By 20 April 2022,
the proportion of registered trials that never started, withdrew, or
were terminated early was 8.0, 0.7, and 8.8%, respectively, for trials
in China, India, and other countries. Reasons given for not starting
or early terminating registered trials included mainly difficulty
recruiting participants after suppression of COVID-19 outbreaks,
availability of new evidence from other research, and possible
harmful effects of treatments evaluated.

The proportion of trials of traditional and dietary interventions
was 36.5, 60.1, and 6.5%, respectively, among registered trials
in China, India, and other countries. Participants targeted by
trials of traditional medicine tended to be different from trials
of conventional medicine. Non-severe COVID-19 cases were
recruited in 22.3% of the TCM trials and in 53.2% of the TIM
trials, compared with 11.7% of the WMC trials and 27.8% of
the WMI trials. Relatively more TCM trials focused on severe
COVID-19 cases (10.0%) than TIM trials did (2.6%). Participants
recruited without COVID-19 were in 9.2% of the TCM trials,
compared with 30.3% of the TIM trials. Furthermore, 20.8% of
TCM trials targeted on patients who were recovering or recovered
from COVID-19, which was the highest among trial groups
(Supplementary Figure 2).

Planned sample sizes were small in most registered COVID-
19 trials [median 100, interquartile range (IQR) 50-200]. The
proportion of trials with a target sample size > 400 was only 7.0% in
trials registered on ChiCTR, which was lower than trials registered
on CTRI (15.6%) and Clinical. Trials.gov (15.0%) (Table 1). Target
sample sizes of registered trials were statistically significantly
associated with types of participants (Supplementary Figure 3).
Small trials were more likely to recruit severe COVID-19 cases, and
large trials were more likely to include healthy volunteers or other
individuals without COVID-19.

Randomised controlled trials (RCTs) accounted for 75.4, 69.9,
64.8, 72.7, and 81.0%, respectively, among the TCM, WMC, TIM,
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WMI, and WMO trials. The registered TCM trials were less
likely to use any blinding measures (6.2%), compared with WMC
trials (13.7%), TIM trials (23.6%), WMI trials (28.3%), and WMO
trials (50.8%). The proportion of registered trials with missing or
irrelevant study phase information was 80.8% for TCM trials, much
higher than in other trials groups. However, 18.7% of registered
trials in China were stated to be phase 4, which was much higher
than trials in India (3.1%) and other countries (4.5%).

Trial result reporting

There were statistically significant differences (P < 0.001) in
the format of result reporting by trial group (Table 2). Most results
were reported as journal articles for TCM trials (86.7%), which was
higher than 66.7, 68.5, 68.0, and 49.0%, respectively, for the WMC,
TIM, WMI, and WMO trials. Reporting as preprints was lowest for
the TCM trials (10.0%) and highest for the WMI trials (32.0%). Of
the 34 trials that firstly reported results in trial registers, 33 were
reported on Clinical. Trials.gov, and one on ChiCTR.

The proportion of trials reported results at 6 months from
trial onset was 5.4% (95% CI: 1.4-9.2%), 12.5% (8.4-16.5%), 3.4%
(1.2-5.5%), 6.4% (2.8-9.9%), and 4.3% (2.3-6.3%), respectively,
for the TCM, WMC, TIM, WMI, and WMO trials (Figure 2).
According to results of Cox regression analysis (Table 3), planned
COVID-19 clinical trials of traditional medicine were less likely
to have results reported than trials of conventional medicine
(hazard ratio: 0.713, 95% confidence interval (CI): 0.541-0.939;
p = 0.0162). Furthermore, trials conducted in other countries,
sample size > 100, industry-sponsored, and earlier registered trials
were more likely to have results reported (Table 3).

Of the trials that reported results, the median days from trial
onset to result reporting was 350.0 days (IQR 200.0-483.0), and
the differences in days from trial onset to result reporting were
statistically significant (P < 0.001) between the groups of trials
(Supplementary Figure 4). The elapse from trial onset to result
reporting was shortest for the WMC trials (median days 176.5;
IQR 91.3-295.3).

Discussion

Trials of traditional medicine accounted for about a third of
COVID-19 clinical trials registered on ChiCTR and more than half
of COVID-19 trials registered on CTRI. Only 55% of the COVID-
19 trials in China were prospectively registered, which might be
due to the perceived need to activate clinical trials urgently or
lack of research preparedness in the early phase of the COVID-19
outbreak. The temporal distribution of newly registered COVID-
19 clinical trials corresponded with the geographical location
of the initial COVID-19 outbreaks, starting earlier in China
than in India and other countries. After suppression of the first
wave of COVID-19 outbreak by effective lockdown measures,
many registered COVID-19 clinical trials never started or were
prematurely terminated.

The target sample sizes of registered COVID-19 trials were
small in general. There were fewer registered trials with a target
sample size > 400 in China, compared with trials in India
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TABLE 1 The main characteristics of registered COVID-19 clinical trials included in the study.

Characteristic

Traditional
Chinese medicine
trials N (%)

Western medicine | Traditional Indian

trials in China N
(VA

10.3389/fmed.2023.1118269

Western medicine

COVID-19 trials in

medicine trials N |trials in India N (%) | other countries N

(%)

Total

130 (100.0%)

256 (100.0%)

267 (100.0%)

187 (100.0%)

400 (100.0%)

Date of registration:

Median (IQR), 24/2/20 (13/2/20,17/3/20) | 3/3/20 (18/2/20,5/4/20) | 16/7/20 (5/6/20,15/9/20) | 10/8/20 (6/6/20, 30/10/20) | 21/6/20 (27/4/20, 9/9/20)
day/month/year

Prospectively registered 74 (56.9%) 139 (54.3%) 267 (100.0%) 187 (100.0%) 396 (99.0%)
Country:

China 130 (100.0%) 256 (100.0%) 0 (0.0%) 0(0.0%) 0 (0.0%)
India 0(0.0%) 0(0.0%) 267 (100.0%) 187 (100.0%) 0 (0.0%)
USA 0(0.0%) 0(0.0%) 0(0.0%) 0(0.0%) 126 (31.5%)
Multiple 0(0.0%) 0(0.0%) 0 (0.0%) 0(0.0%) 40 (10.0%)
Other 0(0.0%) 0 (0.0%) 0 (0.0%) 0(0.0%) 234 (58.5%)
Recruitment status:

Completed 31 (23.8%) 54 (21.1%) 74 (27.7%) 57 (30.5%) 215 (53.8%)
Not recruiting 44 (33.8%) 87 (34.0%) 158 (59.2%) 110 (58.8%) 50 (12.5%)
Recruiting 49 (37.7%) 90 (35.2%) 34 (12.7%) 18 (9.6%) 100 (25.0%)
Terminated 6 (4.6%) 25 (9.8%) 1(0.4%) 2 (1.1%) 35 (8.8%)
Trial primary sponsor:

Industry 0(0.0%) 7 (2.7%) 58 (21.7%) 44 (23.5%) 110 (27.5%)
Non-industry 130 (100.0%) 249 (97.3%) 209 (78.3%) 143 (76.5%) 290 (72.5%)
Trial design:

Randomized 98 (75.4%) 179 (69.9%) 173 (64.8%) 136 (72.7%) 324 (81.0%)
Blinded 8 (6.2%) 35 (13.7%) 63 (23.6%) 53 (28.3%) 203 (50.8%)
Parallel 102 (78.5%) 202 (78.9%) 174 (65.2%) 136 (72.7%) 334 (83.5%)
Study phase:

Phase 0, not applicable, 105 (80.8%) 172 (67.2%) 83 (31.1%) 88 (47.1%) 94 (23.5%)
unknown

Phase 1 or 1/2 3(2.3%) 18 (7.0%) 14 (5.2%) 10 (5.3%) 66 (16.5%)
Phase 2 or 2/3 0(0.0%) 1 (0.4%) 98 (36.7%) 39 (20.9%) 157 (39.3%)
Phase 3 or 3/4 0(0.0%) 15 (5.9%) 64 (24.0%) 44 (23.5%) 65 (16.3%)
Phase 4 22 (16.9%) 50 (19.5%) 8 (3.0%) 6 (3.2%) 18 (4.5%)
Target sample size:

<50 16 (12.3%) 77 (30.1%) 57 (21.3%) 61 (32.6%) 119 (29.8%)
51-100 34 (26.2%) 80 (31.3%) 85 (31.8%) 53 (28.3%) 89 (22.3%)
101-200 47 (36.2%) 46 (18.0%) 66 (24.7%) 26 (13.6%) 66 (16.5%)
201-400 23 (17.7%) 35 (13.7%) 15 (5.6%) 19 (10.2%) 51 (12.5%)
> 400 10 (7.7%) 17 (6.6%) 44 (16.5%) 27 (14.4%) 60 (15.0%)
Trial participants:

Severe 13 (10.0%) 55 (21.5%) 7 (2.6%) 40 (21.4%) 100 (25.0%)
Mixed cases 49 (37.7%) 118 (46.1%) 36 (13.5%) 45 (24.1%) 172 (43.0%)
Non-severe 29 (22.3%) 30 (11.7%) 142 (53.2%) 52 (27.8%) 47 (11.8%)
Recovery 27 (20.8%) 4 (1.6%) 1(0.4%) 2 (1.1%) 4 (1.0%)
Other (without COVID-19) 12 (9.2%) 49 (19.1%) 81 (30.3%) 48 (25.7%) 77 (19.3%)
Interventions:*

Pharmacological 12 (9.2%) 116 (45.3%) 5 (1.9%) 88 (47.1%) 231 (57.8%)
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TABLE1 (Continued)

Traditional
Chinese medicine

Characteristic

Western medicine | Traditional Indian
trials in China N

10.3389/fmed.2023.1118269

Western medicine | COVID-19 trials in
trials in India N (%)

medicine trials N other countries N

trials N (%) (%) (%) (%)
Alternative 130 (100.0%) 11 (4.3%) 267 (100.0%) 6(3.2%) 26 (6.5%)
Immunological 8 (6.2%) 35 (13.7%) 1(0.4%) 38 (20.3%) 77 (19.3%)
Physical, rehabilitation 8(6.2%) 17 (6.6%) 5(1.9%) 12 (6.4%) 17 (4.3%)
Vaccine 0 (0.0%) 21 (8.2%) 1(0.4%) 6 (3.2%) 26 (6.5%)
Behavioral, psychological 4(3.1%) 25(9.8%) 2(0.7%) 4(2.1%) 17 (4.3%)
Digital health technology 1 (0.8%) 12 (4.7%) 2 (0.7%) 11 (5.9%) 19 (4.8%)
Ventilation/Oxygen 0 (0.0%) 7 (2.7%) 0(0.0%) 19 (10.2%) 20 (5.0%)
Stem cell 0 (0.0%) 24 (9.4%) 0 (0.0%) 2 (1.1%) 13 (3.3%)
Other 0 (0.0%) 25 (9.8%) 0 (0.0%) 18 (9.6%) 37 (9.3%)

*Multiple interventions were evaluated in some registered trials.

TABLE 2 Types of result reporting of registered COVID-19 clinical trials.

WES GG

Traditional Chinese
medicine (130)

Characteristic

medicine—China

Western
medicine—other

Western
medicine—India

Traditional Indian
medicine (267)

(256)

(187) countries (400)

Reported trials 30 (100%) ‘ 60 (100%) 54 (100%) ‘ 50 (100%) ‘ 145 (100%)
Type of reporting

Journal 26 (86.7%) 40 (66.7%) 37 (68.5%) 34 (68.0%) 71 (49.0%)
Preprint 3 (10.0%) 18 (30.0%) 14 (25.9%) 16 (32.0%) 37 (25.5%)
Registry 0 (0.0%) 1(1.7%) 0 (0.0%) 0 (0.0%) 33 (22.8%)
News 1(3.3%) 1 (1.7%) 3 (5.6%) 0 (0.0%) 4(2.8%)

Differences in reporting types across trial groups were statistically significant: Pearson’s Chi-squared test with simulated p-value (based on 3,000 replicates): X-squared = 56.248, df = NA,

p-value = 0.0003332.

and other countries. Planned sample sizes were associated with
types of trial participants. Severe COVID-19 cases were more
likely to be included in small trials, and healthy volunteers or
other individuals without COVID-19 were more likely included
in large trials. Traditional Chinese remedies were more likely
to be used in severe and recovering COVID-19 cases, and
traditional Indian remedies were more likely to be used in non-
severe cases and for the preventative purpose among individuals
without COVID-19. Regarding design quality, the majority
of planned COVID-19 trials were RCTs. However, blinding
methods were used in only 6.2% of the trials of traditional
Chinese medicine, compared with 23.7% among the trials of
traditional Indian medicine. Lack of blinding may bias trial results,
particularly for short-term and subjectively measured outcomes.
It is noticeable that the proportion of registered phase-4 trials in
China (18.7%) was much higher than that in India (3.1%) and other
countries (4.5%).

We found that the cumulative probability of result reporting
of registered COVID-19 trials in other countries (36.3%) was
higher than trials in China (23.3%) and in India (22.9%). In
a previous study of 516 COVID-19 RCTs registered before 10
April 2020, 10.3% reported results by October 2020 (14). Another
study found that, among 285 completed COVID-19 clinical trials,
18.9% reported results within 3 months after trial completion
(15). Mayer and Huser reported that 17.8% of 3,167 COVID-19
trials registered on ClinicalTrials.gov had at least one linked result
article by 31 January 2022 (16). The proportion of result reporting
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in registered COVID-19 trials in our study tended to be higher
than the estimated in other studies. However, our results may not
be comparable with findings from these studies, due to different
inclusion criteria, dates of trial registration, and time of following
up from trial onset or completion.

To meet the urgent needs for research information and avoid
delays in publishing trial results, the extensive use of open access
preprints for rapid research dissemination is unprecedented (17).
The overall proportion of preprints in the reported trials was
26.0% in this study, which was similar to the 24.5% from a
previous study, (15) and lower than the 51.2% from another study
(14). Trials of traditional Chinese medicine were less likely to be
reported as preprints (10.0%), compared with other trial groups.
A considerable proportion of results of COVID-19 trials registered
on Clinical. Trials.gov were initially posted in trial registers (22.8%),
while such reporting was rare for trials registered on ChiCTR and
CTRI. Early posting of results on trial registers to reduce delays
of research dissemination should be encouraged, although further
study is required to understand the discrepancies between the
early posted results in trial registries and subsequent peer-reviewed
journal articles.

Potential role of traditional medicine

Traditional remedies have been emphasized as a response
to the COVID-19 outbreak in many countries, due to no
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FIGURE 2
Probability of result reporting from trial onset to 20 April 2022 by different trial groups. TCM refers to “traditional Chinese medicine”; WMC refers to
“trials of conventional medicine in China”; TIM refers to “trials of traditional Indian medicine”; WMI refers to “trials of conventional medicine in India”;
and WMO refers to “trials conducted in other countries”. P values were from log-rank test.

proven treatments initially, historical experiences, their general
availability, and national endorsing policies (2). An overview of
23 systematic reviews found that traditional Chinese medicine
combined with Western medicine may be beneficial for COVID-
19 in term of a wide range of clinical outcomes (18). Evidence
provided at a WHO expert meeting indicated that TCM treatments
were beneficial for non-severe COVID-19 cases, although data
on severe cases was limited (19). The potential benefits of
TCM treatments may result from their direct antiviral activities
but, arguably more likely, by balancing the immune system
and alleviating the harmful cytokine storm (20, 21). These
speculated mechanisms prompted relatively more TCM trials
that included severe cases and recovering patients. Similarly,
basic research and available results of some clinical trials
indicated potential antiviral or immunomodulatory properties, and
therapeutic usefulness, of Ayurvedic formulations (6, 22). We
found that registered trials of traditional Indian medicine were
more likely to be targeted on non-severe COVID-19 cases or
individuals without COVID-19 illness, which might be due to
the perceived preventative mechanisms of Ayurvedic formulations.
Findings from computer simulation (in silico) studies indicated
that phytoconstituents from Ayurvedic formulations might inhibit
the entry of coronaviruses into host cells, by having high binding
affinity to angiotensin converting enzyme 2 (ACE2) and SARS-
CoV-2 S protein (6).

Frontiers in Medicine

Lessons learnt and implication for future
research

Because there were no proven treatments at the early phase
of the pandemic, healthcare professionals relied on previous
experience, repurposed interventions, and anecdotes when making

TABLE 3 Results of cox multiple regression analysis of result reporting.

Variables Hazard ratio | (95%Cl) | P-value
Traditional/Dietary 0.713 (0.541-0.939) 0.0162
Country: China 0.621 (0.464-0.832) 0.0014
Country: India 0.700 (0.525-0.934) 0.0154
Randomized 1.069 (0.827-1.383) 0.6091
Severe cases 0.863 (0.647-1.151) 0.3165
Size n > 100 1.319 (1.063-1.638) 0.0121
Registered earlier 1.350 (1.082-1.685) 0.0080
Industry sponsored 1.515 (1.159-1.979) 0.0023

Hazard ratio HR > 1 indicated that a variable was associated with a higher rate of result
reporting than the reference. 95% CI refers to 95% confidence interval. “Traditional”
medicine included alternative and dietary interventions. Reference groups were the trials
of conducted in other countries, not randomized, any trials in which participants were not
categorized as "severe,” sample size < 100, and registered after the median date of trial
registration. Likelihood ratio test = 57.49 on 8 df, p = 1.446e-09, n = 1,223, number of
events = 338 (17 observations deleted due to missingness).
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decisions about COVID-19 prevention and treatment (23).
Simultaneously, a large number of planned clinical trials were
registered swiftly, which indicated that healthcare professionals,
including traditional medicine professionals, recognized that the
treatments they were using should be properly evaluated in clinical
trials. This can be considered as an achievement of evidence-based
medicine during past decades. However, results of the current
and other studies indicated that registered COVID-19 clinical
trials on traditional medicine were often underpowered, poorly
designed, and unlikely to provide valid and relevant evidence (24—
27). A large proportion of the COVID-19 clinical trials in China was
retrospectively registered, possibly due to the perceived urgency
to activate planned clinical trials or inadequate awareness of the
importance of prospective trial registration. The results of many
COVID-19 trials may be biased because of inadequate trial design.

It is often challenging to conduct clinical trials as a response to
emerging acute infectious diseases like COVID-19, as the outbreak
may emerge abruptly and often end quickly because of non-
pharmaceutical measures, the development of effective vaccines
and widespread immunity. Many registered COVID-19 trials never
started or were terminated early, due to the successful suppression
of the initial COVID-19 outbreak in China. This fact should
be taken into consideration in the design of clinical trials when
new acute infectious diseases emerge in future. There have been
some successful COVID-19 clinical trials, such as the RECOVERY
platform trial in the UK, (28) which provide helpful experiences
to inform the design of clinical trials of traditional medicine for
emerging infectious diseases in future (10).

In general, the registered COVID-19 trials of traditional
medicine less likely reported results than the registered trials
of conventional medicine. The COVID-19 trials started early in
China, and results of clinical trials conducted in China were
possibly easily accepted for publication given the extreme scarcity
of information in the early phase of the pandemic. Of the reported
trials, trials of conventional medicine in China had the shortest
period from trial onset to result reporting across the trial groups.
However, the speed of result reporting of the reported TCM trials
was similar to the reported trials in India and other countries.

Traditional remedies were usually based on hundreds or
thousands of years of experience. The COVID-19 pandemic
provided an opportunity for intensive evaluation of relevant
traditional remedies in clinical trials. Results of all trials on
traditional medicine, either positive or negative, need to be
disseminated in order to contribute to unbiased evidence-based
traditional medicine. Traditional medicine treatments proven
effective in valid clinical trials should be applied in practice, and
negative results of valid clinical trials can help preclude the use
of ineffective or harmful interventions. Of the COVID-19 clinical
trials registered before 10 February 2021, 30 on TCM and 54 on
TIM had reported results by 20 April 2022. Reported COVID-19
trials of traditional medicine have contributed or will contribute
to evidence-based medicine in relevant systematic reviews and
clinical guidelines.

Study limitations

Because of resource and expertise restrictions, we focused
on registered COVID-19 trials on tradition medicine in China
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and India, and did not considered those in other countries. We
only included COVID-19 trials of traditional medicine registered
on ChiCTR and CTRI, even though some TCM and TIM trials
were registered on other trial registries. We may have missed
some published or otherwise reported results by searching on trial
registration number (TRN). We found that the TRN of many
studies was not mentioned in abstracts, and was discovered only
by checking the methods or acknowledgments sections of the full
reports. A previous study found that 71.2% of RCTs published in
2018 reported the TRN (29). It is likely that the TRN reporting may
have been improved more recently for COVID-19 trials, and the
TRN is now required by many journals and preprint services (e.g.,
medRxiv) for clinical trials. However, the extent of the compliance
of the TRN reporting in reports of registered COVID-19 trials
remains unclear.

We focused on result reporting of the registered COVID-19
trials, and did not consider the outcome measures used. The sample
sizes of the registered trials were planned sample sizes, and the
actual sample sizes were not examined. We did not assess trials
results in detail, and multiple systematic reviews are required to
assess and synthesize results of relevant COVID-19 trials.

Empirical evidence revealed the existence of publication related
biases where positive or favorable results are more likely to be
reported than negative results (30). However, the assessment of
publication bias will require a comparison of reported results and
not-reported results in completed clinical trials, which is beyond
the scope of the current study. Further research is required to assess
the risk of publication bias in registered COVID-19 clinical trials of
traditional medicine interventions.

Conclusion

A high proportion of the COVID-19 clinical trials registered
during the first 14 months of the pandemic in China and India were
trials of traditional remedies. There were considerable between-
country and within-country differences in date of trial registration,
primary sponsors, design quality, target sample size, types of trial
participants, and reporting of trial results. The probability of result
reporting of COVID-19 trials of traditional medicine was lower
than those of conventional medicine.
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