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Introduction

Traditional Chinese medicine (TCM) is centuries old, has 
developed a unique system of diagnosis and treatment of 
disease in practice, and is not only widely used in China, 
but is also practiced in other Asian countries and Western 

countries as well (1,2). Chinese herbal medicine (CHM) is 
the mainstay and principal form of TCM practice, which 
comprises a pharmacopoeia of thousands of medicinal 
substances, primarily plants and some minerals and animal 
substances (3). There are several administration routes 
of CHM, including oral intake, inhalation, external use, 
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intravenous injection, intramuscular injection, and other 
means. Of these, oral administration is the main and 
traditional administration route of CHM.

Oral CHM has been clinically used for thousands of 
years, and generally speaking, oral CHM is believed to cause 
fewer side effects as it is generally extracted from natural 
products without artificial additives (4,5), although some 
Chinese herbs have been known to be toxic to humans. In 
1964, two cases of acute renal failure caused by a large dose 
of mutong were reported, which were the first case reports 
on CHM in China (6). Aristolochic acid, which is isolated 
from Aristolochia debilis Sieb. et Zucc. (known as madouling 
in CHM), can lead to “Chinese herb nephropathy”, a 
rapidly progressive interstitial fibrosis of the kidney, as was 
seen in a group of Belgian women who had all followed 
a slimming regimen (7). Glycyrrhiza spp. (liquorice root) 
and its extracts, contain mineralocorticoid, which can 
cause adverse reactions such as edema, hypertension, and 
electrolyte imbalances (8).

Currently,  the safety of  CHM is  an important 
consideration in decision-making for patients, clinicians, 
policy makers, and regulators. The incidence of adverse 
events (AEs) is one of the measures used to observe and 
study the safety of interventions. An AE is defined as “any 
untoward medical occurrence in a patient or clinical investigation 
subject administered a treatment, that does not necessarily have 
a causal relationship with this treatment” (9). Reporting AEs 
during clinical trials presents a vital component of assessing 
an intervention’s safety.

Randomized controlled trials (RCTs) are recommended 
as the gold standard to prove the efficacy of CHM, which 
also offer an excellent opportunity to evaluate harms of 
CHM using the most robust experimental design (10), 
especially when lacking large scale observational studies and 
national monitoring data for the safety of CHM (11,12). 
In recent years, the number of CHM RCTs has increased 
gradually, and thus systematically evaluating the safety of 
CHM in the body of published RCTs is urgently needed.

However, to our knowledge, such a review has not yet 
been performed. Therefore, the purpose of this article was 
to systematically review and analyze the incidence of AEs 
in CHM RCTs. Through this systemic review, greater 
attention is expected to be paid to the study of AEs in 
RCTs in order to promote a more healthy and positive 
development and application of CHM.

We present the following article in accordance with the 
Preferred Reporting Items for Systematic Reviews and 

Meta-Analyses (PRISMA) reporting checklist (available at 
http://dx.doi.org/10.21037/lcm-20-23).

Methods

Literature search

Using “randomized controlled trial”, “controlled clinical 
trial”, “randomized”, “randomised”, “clinical trial”, 
“traditional Chinese medicine”, “Chinese herbal drugs”, 
“oriental traditional medicine” and “medicinal plants”, etc. 
as search words, we searched the titles and abstracts in three 
electronic databases including MEDLINE, EMBASE, 
and the Cochrane Central Register of Controlled Trials 
(CENTRAL) databases. Searches were restricted to RCTs 
of CHM published in the English language between 
January 2010 and December 2019. The full MEDLINE 
search strategy is available in Figure S1.

Inclusion and exclusion criteria

We included studies that were (I) RCTs focusing on oral 
CHM, both as single-use or in combination with other 
interventions; (II) and focusing on any disease or for any 
comparison. We excluded the following: (I) other TCM 
interventions, like acupuncture, moxibustion, massage, 
guasha, cupping, tai chi, qi gong, etc.; (II) other routes 
of CHM, like spray, washing, ointment, iontophoretic 
injection, etc.; (III) phase I or pharmacokinetics trials; (IV) 
self-described preliminary or pilot studies; (V) follow-up 
or secondary analysis of data; (VI) protocols or conference 
abstracts; (VII) use for healthy subjects.

We defined CHM using the criteria from our previous 
study (13). CHMs are preparations derived from plants or 
parts of plants (e.g., leaves, stems, buds, flowers, roots, or 
tubers) that grow in China and have been widely used for 
medical purposes. CHMs include single herbs (or extracts 
from single herbs) and compound formulas of several 
herbs in all forms of preparation formulation (e.g., oral 
liquid, tablet, capsule, pill, granule, and decoction). Studies 
focusing on Japanese herbal medicine, Korean herbal 
medicine, or other countries were excluded. Plant-derived 
chemicals or synthetic chemicals which contain constituents 
of plants were also excluded.

Selection of studies

Because of the large number of CHM RCTs published in 
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English from 2010 to 2019, we used the random sampling 
method and proportion used in other studies (14-16). SAS 
for Windows (version 9.4; Order Number: 9C1XJD) was 
used to generate a 20% random sampling number table. We 
numbered and sorted all the retrieved articles; the numbers 
on the number table was corresponded to the number of 
total articles.

The RCTs selected for our study were assigned to two 
teams (two reviewers in each team). All reviewers (Y Ha, X 
Wang, R Zhang and C Wei) individually and independently 
screened the titles and abstracts of a 20% sample to 
determine those articles potentially related to our study. 
Based on this first assessment, we then obtained the full text 
of these articles, and the same two reviewers independently 
reviewed all these potentially eligible studies to find studies 
that fulfilled the inclusion criteria. Any disagreement in 
study selection was resolved by consensus or by discussion 
with a third reviewer (J Hu).

Data extraction and quality assessment

Two teams (two reviewers in each team, Y Ha, X Wang, 
R Zhang and C Wei) independently extracted data using a 
standard data extraction form that contained the following 
fields: (I) publication details, including publication year, 
journal name, and publication title; (II) characteristics 
of study participants, including disease and age; (III) 
intervention information, including interventions in 
treatment and control groups, and treatment duration; 
(IV) safety information. For the most of included RCTs, 
information for the judgement of causal inference from AEs 
to adverse drug reactions (ADRs) was insufficient. We were 
thus unable to distinguish ADRs from AEs, so all the safety 
information reported was considered to be AEs. We used 
WHO Adverse Reaction Terminology (WHOART) system 
organ class 2015 to standardize AEs.

The trial quality was assessed by two teams (two reviewers 
in each team: Y Ha, X Wang, R Zhang and C Wei) for 
each study separately using the following five domains of 
the Cochrane Risk-of-Bias Tool (17): (I) random sequence 
generation (i.e., selection bias), (II) allocation concealment 
(i.e., selection bias), (III) blinding of participants and 
personnel (i.e., performance bias), (IV) blinding of outcome 
assessment (i.e., detection bias), and (V) incomplete outcome 
data. Authors resolved disagreement by consensus, and 
another review author (J Hu) was consulted to resolve any 
disagreements.

Statistical analysis

OpenMeta [Analyst] software was performed to meta-
analysis and subgroup analyses. Incidence of AEs with its 
95% confidence interval (CI) was calculated. Subgroup 
analyses were performed based on four factors: dosage form 
of CHM; disease classification according to the International 
Classification of Disease revision 10 (ICD-10); single use 
of CHM or in combination with Western medicine (WM); 
administration to elderly, child, or adult participants.

Results

Flow of included studies

A total of 39,116 articles were identified, and we randomly 
selected 20% (n=7,824) from the eligible articles. After the 
titles and abstracts were screened, 475 articles were eligible. 
Full texts of these 475 articles were retrieved, and 227 RCTs 
were included in our study. Details of the study screening 
process can be seen in Figure 1.

Risk of bias assessment

Of the 227 RCTs, 142 (62.6%) used the adequate random 
sequence generation method, while 100 (44.1%) used 
adequate allocation concealment. Furthermore, 92 (40.5%) 
studies blinded participants and key study personnel, and 
24 (10.6%) blinded outcome assessors. Incomplete outcome 
data in 149 (65.6%) RCTs were adequately addressed.

Analysis of AEs

A total of 57 (25.1%) of the 227 RCTs did not report 
any AEs. In the remaining 170 RCTs, considering that 
some RCTs used CHM both in the intervention group 
and control group, it was necessary to analyze all patients 
using CHM as statistical analysis units when calculating 
the incidence of AEs. Of the 170 RCTs, 21 used CHM in 
2 groups, and 2 used CHM in 3 groups. Thus, we analyzed 
the 195 CHM groups in our study.

Of the 195 CHM groups,  22 (11.3%) included 
information for the total number of AEs, but not for specific 
AE type, and they were not included into our analysis. 
Additionally, 61 groups (including 5,572 patients) had no 
AEs, and when we analyzed the incidence of AEs, 5,572 
patients were included in the denominator.

There were 1,765 AEs in 112 (including 10,754 patients) 
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CHM groups, and the total incidence of AEs was 10.8% 
(95% CI: 10.3%, 11.3%). According to the WHOART 
system organ class, the top 5 most common classes were 
gastrointestinal disorders (33.94%), respiratory disorders 
(10.14%), neurological disorders (9.80%), liver and biliary 
disorders (8.50%), and psychiatric disorders (6.23%) 
(Table 1). We listed the specific AEs of these five classes. 
The most common AEs were gastrointestinal reactions, 
nausea/vomiting and diarrhea in gastrointestinal disorders 
(Figure 2), upper respiratory tract infection, cough and 
cold in respiratory disorders (Figure 3), headache, dizziness 
and tremor in neurological disorders (Figure 4), hepatic 
abnormalities, transaminase increase and liver pain in liver 
and biliary disorders (Figure 5), appetite decrease, insomnia 
and hypersomnia in psychiatric disorders (Figure 6).

Subgroup analyses of AEs

Of the seven dosage forms, the tablet form showed the 

highest AE incidence (14.0%, 95% CI: 12.6%, 15.4%), 
followed by capsules (12.4%, 95% CI: 11.1%, 13.7%). 
Liquids showed the lowest AE incidence (2.8%, 95% CI: 
1.2%, 4.5%), followed by decoctions (6.3%, 95% CI: 5.4%, 
7.1%) (Table 2).

The highest AE incidence was mental and behavioral 
disorders (18.1%, 95% CI: 16.2%, 19.9%), followed by 
neoplasms (13.7%, 95% CI: 11.8%, 15.6%). Treatments 
for diseases of the circulatory system (7.3%, 95% CI: 6.4%, 
8.1%) and nervous system (7.9%, 95% CI: 5.8%, 10.0%) 
had the lowest AE incidences (Table 3).

The AE incidence in the CHM in combination with 
WM group (13.1%, 95% CI: 10.6%, 15.5%) was higher 
than that in the CHM group (10.9%, 95% CI: 10.3%, 
11.4%) and CHM in combination with simulators of WM 
group (9.7%, 95% CI: 8.4%, 10.9%) (Table 4).

The AE incidence of CHM for child (12.9%, 95% CI: 
11.0%, 14.8%) and elderly participants (11.2%, 95% CI: 
5.5%, 16.9%) was higher than that of adult participants 

Articles retrieved through databases n=39,116

20% of texts randomly selected from the eligible 
articles n=7,824

Excluded: n=7,349
• Duplicate articles: n=1,698
• Protocol: n=338
• Non-TCM: n=917
• Animal studies: n=896
• Narrative or systematic reviews: n=723
• Other TCM intervention: n=619
• Published in Chinese: n=893
• Other/irrelevant: n=1,265

Excluded: n=248
• Non-oral: n=49
• Published in Chinese: n=50
• Conference abstract: n=36
• Non-RCT: n=18
• Secondary analysis: n=17
• Non-TCM: n=39
• Phase I or pharmacokinetics: n=18
• Preliminary or pilot studies: n=21

After screening titles and abstracts n=7,824

Full text articles retrieved for eligibility n=475

Articles selected for the study n=227

Figure 1 Flow chart of study selection. RCT, randomized controlled trials; TCM, traditional Chinese medicine.
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(10.6%, 95% CI: 10.1%, 11.1%) (Table 5).

Discussion

Guideline developers, policy makers, and clinicians need 
to balance the safety and effectiveness of interventions in 
RCTs when making clinical decisions. One of the primary 
goals of a clinical trial is to assess treatment safety, which 
is needed alongside efficacy information for a trial to be 
clinically informative (18). A major way to assess safety 
is through the reporting of AEs that arise during trials. 
Incomplete AE reporting can lead to the underestimation 

of risk, potentially compromising regulatory approval and 
informed clinical use of treatments (19).

Past research on AE reporting practices in CHM RCTs 
published in Chinese language identified many reporting 
inadequacies. For example, we did a systematic review 
of nearly 700 clinical studies published in the Chinese 
language to analyze the incidence of AEs in ginkgo biloba 
leaf extract injection, and 65.9% of these studies did 
not report any AEs (20). Some researchers have shown 
that the methodology and reporting quality of CHM 
RCTs published in English is evidently higher than those 
published in Chinese language (21,22). 

Table 1 The AE proportions of CHM according to WHOART system organ class

WHOART system organ class No. of AEs (%) WHOART system organ class No. of AEs (%)

Skin and appendages disorders 87 (4.93) Cardiovascular disorders 39 (2.21)

Musculoskeletal disorders 14 (0.79) Vascular, bleeding and clotting disorders 28 (1.59)

Neurological disorders 173 (9.80) Respiratory disorders 179 (10.14)

Vision disorders 7 (0.40) Blood disorders 99 (5.61)

Hearing, vestibular and special senses disorders 11 (0.62) Urinary tract disorders 35 (1.98)

Psychiatric disorders 110 (6.23) Reproductive disorders 11 (0.62)

Gastrointestinal disorders 599 (33.94) Neoplasms 4 (0.23)

Liver and biliary disorders 150 (8.50) General disorders 95 (5.38)

Metabolic and nutritional disorders 85 (4.82) Immune disorders and infections 39 (2.21)

CHM, Chinese herbal medicine; WHOART, WHO Adverse Reaction Terminology; AEs, adverse events.
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Figure 2 Adverse events of gastrointestinal disorders.  
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The incidence of AEs is challenging to calculate as it 
requires adequate reporting of AEs in clinical trials (e.g., 
number and nature of events). Therefore, in this systematic 
review, we included the CHM RCTs which were published 
in English to analyze the incidence of AEs. Despite this, we 
found that 25.1% of these RCTs did not report any AEs, 

while 11.3% reported the total number of AEs, but did not 
report the specific AEs, so we did not include these into our 
analysis. Other studies have shown that the reporting rate 
of AEs is low in CHM trials (23,24).

There are many advantages of reporting AEs in RCTs; 
for example, reports of previously unknown interactions will 

Figure 3 Adverse events of respiratory disorders.

Figure 4 Adverse events of neurological disorders.  

Figure 5 Adverse events of liver and biliary disorders.  
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be helpful for safer use of the drugs in the future; providing 
evidence of AEs for systematic review; and identifying risk 
factors for AEs, such as age or gender. Therefore, correctly 
and clearly reporting the complete information about 
ADR/AEs is very important. The Consolidated Standards 
of Reporting Trials (CONSORT) extension of harms was 
developed in 2004. It standardizes AE reporting by creating 
a 10-item checklist of essential AE information for trial 
publication (25). AE data in future RCTs of CHM should 
be reported in accordance with the CONSORT extension 
of harms.

This study conducted a meta-analysis and found that 
the total incidence of AEs in the included RCTs of oral 
CHM was 10.8% (95% CI: 10.3%, 11.3%). According 
to WHOART system-organ class, CHM can lead to AEs 
in various tissues and systems. One-third of AEs were 
gastrointestinal disorders, which mainly presented as 
gastrointestinal reactions, nausea/vomiting, and diarrhea, 
perhaps because oral CHM directly stimulates the 
gastrointestinal tract, easily causing AEs in the digestive 
system. The next most common AEs were respiratory 
disorders, neurological disorders, liver and biliary disorders, 

Figure 6 Adverse events of psychiatric disorders.  
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Table 2 The AE incidences in different dosage forms of CHM

Dosage form
No. of CHM 

groups
No. of AEs No. of patients Incidence of AEs

Lower limit of 
95% CI

Upper limit of 
95% CI

Powders 15 114 978 0.117 0.096 0.137

Capsules 29 309 2497 0.124 0.111 0.137

Granules 32 608 5176 0.117 0.109 0.126

Liquids 3 11 388 0.028 0.012 0.045

Tablets 11 336 2399 0.140 0.126 0.154

Decoctions 26 200 3185 0.063 0.054 0.071

Pills 6 187 1703 0.110 0.095 0.125

Total 112 1765 16326 0.108 0.103 0.113

AEs, adverse events; CHM, Chinese herbal medicine; CI, confidence interval.
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and psychiatric disorders. Similar results have also been 
reported in other studies (26-28). It is recommended that 
clinicians pay attention to the AEs that may occur in related 
systems, and AEs should be strictly monitored, especially 
when patients have these diseases.

Of the seven dosage forms, the highest AE incidences 
occurred with the use of tablets and capsules, while the 
lowest incidences occurred with liquids and decoctions. 
Huang et al.’s (28) and Qiao et al.’ studies (29) also indicated 
that the highest AE incidences occurred with tablets and 
capsules forms. CHM currently includes several dosage 
forms, among which decoction is the most traditionally used 
form, having been used for thousands of years with fewer 
AEs. Chinese patent medicines (zhongchengyao), as a part 

of CHM, may come in the form of tablets, pills, or capsules. 
Chinese patent medicines generally are made with more 
modern pharmaceutical technology consisting of several 
herbs and other ingredients, which may cause side-effects.

Our systematic review found that the incidence of AEs 
in CHM in combination with WM groups was higher than 
that of the non-WM use group. It is widely acknowledged 
that combined CHM and WM can improve the clinical 
efficacy in the treatment of some conditions such as 
hypertension, cancer, and depression (30). However, CHM 
and WM, after all, belong to two different systems of 
medicine. The theories that underlie each are distinct, and 
so their combination entails significant complexity (31). In 
addition, most CHMs are complex mixtures of more than 

Table 3 The AE incidences of disease classifications (ICD-10) 

Disease classification (ICD-10)
No. of CHM 

groups
No. of AEs

No. of 
patients

Incidence 
of AEs

Lower limit 
of 95% CI

Upper limit 
of 95% CI

Diseases of the circulatory system 21 258 3,542 0.073 0.064 0.081

Diseases of the genitourinary system 15 166 2,031 0.082 0.070 0.094

Diseases of the digestive system 15 195 1,505 0.130 0.113 0.147

Diseases of the respiratory system 13 105 1,481 0.071 0.058 0.084

Endocrine, nutritional, and metabolic diseases 10 190 1,602 0.119 0.103 0.134

Diseases of the musculoskeletal system and 
connective tissue

9 172 1,578 0.109 0.094 0.124

Mental and behavioral disorders 7 303 1,675 0.181 0.162 0.199

Neoplasms 7 175 1,278 0.137 0.118 0.156

Diseases of the nervous system 6 51 643 0.079 0.058 0.100

Diseases of the eye and adnexa 3 21 235 0.089 0.053 0.126

Others 6 129 756 – – –

Total 112 1,765 16,326 0.108 0.103 0.113

AEs, adverse events; CHM, Chinese herbal medicine; CI, confidence interval.

Table 4 The AE incidences of CHM in combination with WM or single use 

Use of CHM
No. of CHM 

groups
No. of AEs No. of patients

Incidence of 
AEs

Lower limit of 
95% CI

Upper limit of 
95% CI

CHM 89 1,459 13,417 0.109 0.103 0.114

CHM in combination with WM 8 94 720 0.131 0.106 0.155

CHM in combination with 
simulators of WM

15 212 2,189 0.097 0.084 0.109

Total 112 1,765 16,326 0.108 0.103 0.113

AEs, adverse events; CHM, Chinese herbal medicine; WM, Western medicine; CI, confidence interval.
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one active ingredient, which may increase the possibilities 
of interactions between CHM and WM (31), with these 
interactions sometimes leading to unexpected side-effects. 
To avoid this, information regarding drug-herb interactions 
and contradictions should be made widely available for 
medical practitioners and pharmacists through various 
methods (e.g., drug-herb interaction database, textbooks, 
education services, training, etc.), so practitioners can be 
made aware of and avoid potential interactions between 
CHM and WM. 

In our study, the AE incidence of CHM for child 
and elderly participants were higher than that for adults 
participants. The functions of organs have not yet matured 
in children and gradually decline in the elderly, and so 
children and the elderly are weaker in drug tolerance 
and metabolic capacity than adults (5,32,33). In addition, 
concerning the medicinal instructions for CHM, many 
CHM products do not indicate the recommended dosage 
for children, or only indicate that the dosage should be 
reduced for children. This may lead to different clinicians 
using different dosages of CHM for children which may 
increase the risk of adverse AEs. It is recommended that 
clinicians calculate the dosage by the weight, age, or body 
surface area of children when making treatment decisions.

There are several limitations to our study. Firstly, in 
the included RCTs, the attempts to judge causal inference 
from AEs to ADRs were insufficient. We were thus unable 
to distinguish ADRs from AEs, and so all the safety 
information reported was considered to be AEs. Secondly, 
since 24.7% of the RCTs did not report any safety data 
and 11.3% only reported the total number of AEs but not 
the specific AE type, we did not include these into our 
analysis; therefore, the actual incidence of AEs might have 
been underestimated. Thirdly, we used a random sampling 
method performed in other studies and randomly selected 
20% of the total studies for analysis; as a consequence, 
the findings of our study can only be considered an 

approximation.

Conclusions

Overall, CHM can lead to AEs in various tissues and 
systems. The most common AEs in our review were 
gastrointestinal disorders, including gastrointestinal 
reactions, nausea/vomiting and diarrhea, and others. 
Of the seven dosage forms, the highest AE incidences 
occurred with use of tablets and capsules, while the lowest 
AE incidences occurred with liquids and decoctions form. 
The incidence of AEs in CHM in combination with the 
WM groups was higher than that of the non-WM use 
group, while child and elderly participants had a higher AE 
incidence than did adult participants. Future clinical trials 
of CHM should provide greater details relating to AEs in 
order to more accurately inform clinical practice.
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