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Abstract

Objectives

To investigate the consistency of adverse events (AEs) and adverse drug reactions (ADRs)

reported in the literature, monitoring and social media data.

Methods

Using one Chinese patent medicine-Cordyceps sinensis extracts (CSE) as an example, we

obtained safety data from the national monitoring system (July 2002 to February 2016), liter-

ature (up to November 2016) and social media (May 2019). For literature data, we searched

the Chinese National Knowledge Infrastructure Database (CNKI), WanFang database, Chi-

nese Science and Technology Periodical Database (VIP), Chinese Biomedical Literature

Database (SinoMed), PubMed, Embase and the Cochrane Library. Social media data was

from the Baidu post bar and Sina micro-blog. Two authors independently screened the liter-

ature and extracted data by PRISMA Harms checklist was followed. AEs and ADRs were

coded using the World Health Organization Adverse Reaction Terminology (WHO-ART).

AEs and ADRs were grouped into thirty-one organ-system classes for comparisons. Fre-

quencies, relative frequencies and rank were used as metrics. Radar chart was used to

manifest the features of the distributions and proportions.

Results

610 AEs reported in CFDA monitoring data were associated with CSE, of which 537

(88.03%) were suspected ADRs (10.49% certain). 5568 AEs were identified from 172

papers (63% RCTs, 37% other types of studies including case series, case reports, ADR

monitoring reports and reviews), in which 86 (1.54%) were ADRs (1.54% certain). 15 AEs (0
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certain ADR) were identified from social media. AEs, ADRs and their affected system-organ

classes, looked largely similar, but different in every aspect when looking at details. Data

from RCTs demonstrated the most disparity.

Conclusions

In our study, the most prevalent AEs and ADRs, mainly gastro-intestinal system disorders

including nausea, diarrhea and vomiting, in monitoring system were largely similar with

those in literature and social media. But data from different sources varied if looked at

details. Multiple data sources (the monitoring system, literature and social media) should be

integrated to collect safety information of interventions. The distributions of AEs and ADRs

from RCTs were least similar with the data from other sources. Our empirical proof is consis-

tent with other similar studies.

Introduction

Guideline developers, clinicians and patients need to balance the safety and effectiveness of

interventions when making clinical recommendations or decisions. Adverse events (AEs) and

Adverse Drug Reactions (ADRs) are measures to observe and study safety. An AE is a negative

medical event which occurs when using a medicinal product, but not necessarily causally

related [1]. ADR is a response to a drug that is noxious and unintended and occurs at doses

normally used in people for the prophylaxis, diagnosis or treatment of diseases, or for modifi-

cation of physiological functions [2].

The clinical safety of interventions can be observed through the national or international

monitoring systems. The Uppsala Monitoring Center (UMC) was the first World Health

Organization (WHO) Collaborating Centre established for international drug monitoring in

1978, which is an agency under the WHO, responsible for collecting reports on ADRs [3],

summarizing and categorizing the reported cases, and providing feedback to health care pro-

viders [4]. Voluntary reporting system for ADRs is a basic method adopted by most members

of the WHO International Drug Surveillance Program, which has a wide range of monitoring

systems, is less costly with good reputation, and makes it more possible to capture rare or new

AEs and ADRs [5]. China is also a member of UMC. The Chinese Food and Drug Administra-

tion (CFDA), now changed to the National Medical Products Administration (NMPA) of

China, established an ADR online reporting system in 2004 and all the hospitals and clinics

are required to report AEs and ADRs via this system [4].

Scientific literatures and social media are also important information source for drug safety

reporting. People may choose to publish papers to report safety findings or to speak up in the

open social media about their AEs/ADRs, rather than reporting them to the monitoring sys-

tem [6]. All types of clinical research literature can provide important information for AEs/

ADRs of interventions. Safety observation is compulsory in randomized controlled trials

(RCTs) [7]. Observational studies with large sample sizes and long-term follow-ups [8–11],

such as cohorts and registry studies, are considered as validated study designs for the evalua-

tion of safety of interventions. There is also important information of AEs/ADRs in case

reports. Previous study showed that case reports accounted for 71.4% of the reported ADRs,

which caused post-marketing withdrawal of medicinal products [12]. In China, Baidu post bar

and Sina micro-blog like twitter are the most popular open public social media tools where
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people can express their own attitudes to the public [13–15]. AEs or ADRs are also likely to

show up in such social media tools.

However, the data collected by the national monitoring systems is often unavailable to most

researchers and the public. Also, real-world studies like large scale observational studies and

post-market surveillance studies are often lacking for many interventions [16], especially in

the traditional Chinese medicine field [17–19].

Facing such challenges, we need to find a better solution for researchers to adequately eval-

uate the safety of interventions, especially when lacking large scale observational studies and

national monitoring data. We aim to explore whether the evaluation of safety based on pub-

lished and unpublished literature and social media is consistent with the data of monitoring

systems or not, and is it necessary to integrate all data source for the evaluation of drug safety.

In 2016, we were commissioned by the CFDA to systematically review the safety of one Chi-

nese patent medicine-Cordyceps Sinensis Extracts (CSE), using the safety data from CFDA

monitoring system and the published and unpublished literature. The main pharmacological

action of CSE is similar to natural Cordyceps Sinensis which has anti-inflammatory, antitus-

sive, expectorant, sedative and gonadotropic effects mainly for chronic bronchitis, chronic

renal insufficiency and hyperlipidemia [20]. The CSE was included in the National Health

Insurance Catalogue [21] and the Chinese Pharmacopoeia [22]. It was also recommended in

two clinical practice guidelines [23,24]. And it belongs to the top 100 medical products with

science and technology of big brand traditional Chinese medicine. [25]. This project provided

an opportunity for us to explore this methodological issue with sufficient data.

Material and methods

Monitoring data of CSE was searched by CFDA professionals and given to us in its clean form

(File A in S1 Appendix). The data included 57 items: anonymous patient demographic infor-

mation (8 items), patient historical ADR information (3 items), patient health condition (1

item), and description of AEs (11 items), medications received (19 items), causal inference

judgments of AEs (6 items), and reporter information (9 items). We obtained the AEs and

ADRs data of CSE reported during July 2003 to February 2016. There was no duplicated

record in the obtained the monitoring data.

We searched the published literature from major Chinese and English databases: the Chi-

nese National Knowledge Infrastructure Database (CNKI), Wanfang database, Chinese Sci-

ence and Technology Periodical Database (VIP), Chinese Biomedical Literature Database

(SinoMed), PubMed, Embase, and the Cochrane Library (Central database and Database of

Abstracts of Effects, DARE) from their inception to November 2016. Unpublished literature

(including conference proceedings and academic degree dissertations unpublished were also

achieved via searching through the four Chinese databases) (File B in S1 Appendix). Literature

obtained included all types of empirical clinical studies that used CSE to treat diseases, alone

or in combination with any other medication. We excluded animal studies, and studies that

did not mention any word or phrase relevant to safety. Followed with PRISMA Harms check-

list [26–29], two authors independently screened (title and abstract screening and full text

screening) and extracted data. Any disagreement regarding study selection and data extraction

was resolved through discussion if necessary. Literature was classified by study type to be

RCTs and other types of studies.

We also searched social media data (the articles, topics and posts) in Baidu post bar related

to CSE [30] and the Sina micro-blog websites [31]. All the contents of the post bar and the

blogs were saved. Two reviewers independently screened the contents and the agreements

were achieved. Information relevant to safety was abstracted, including manifestations,

Comparison of drug safety data obtained from the monitoring system, literature, and social media
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severity, duration, consequences, combined treatments and causal-relation judgments by the

reporter.

All data collected was considered as AEs. In monitoring data, the reporters followed the

causality assessment tool of the National center for ADR monitoring which was based on the

WHO-UMC causality assessment criteria [32,33]. The judgments made by the reporters were

categorized into “certain”, “probable/likely”, “possible”, “unlikely”, “conditional/unclassified”,

and “unassessable/unclassifiable” (File C in S1 Appendix). The first category was considered as

certain ADRs, the next two categories were considered in our study as likely ADRs. The same

rule was applied to the literature data and social media data as well.

We converted the AEs and ADRs into standard WHO-ART terms [34–46]. The ADR terms

according to the following principles: 1) AE/ADR names in different resources that were con-

sistent with WHO-ART terms were used directly; 2) for records in which the AE/ADR names

were inconsistent with WHO-ART, the names were coded according to the detailed descrip-

tion of AE/ADRs; 3) for records where names and descriptions of AE/ADRs did not match,

descriptions were used as main evidence of coding; 4) for records with unclear names and

descriptions where coding was impossible, were labeled as “unable to code”.

The frequencies and relative frequencies of AEs, ADRs and their affected systems-organs

classes were counted. Percentages were used to express the frequencies of each AE or ADR

name and affected system-organ class. When more than one AEs or ADRs occurred in the

same patient, each individual symptom or abnormality was counted. When one AE or ADR is

classified into two or more system-organ classes according to WHO-ART, it was counted mul-

tiple times accordingly. Then we rank the top five AEs, ADRs and the affected system-organ

classes. We planned to conduct disproportion analysis in monitoring system when data is suf-

ficient. The radar chart was used to manifest the features of the distributions and proportions.

Results

Fig 1 presents the flow chart of searching and analyzing the AEs and ADRs associated with

CSE based on the monitoring data, literature and social media data. And specific information

extracted from them can be seen in appendix (File D in S1 Appendix).

In monitoring system, there were 610 AEs reports associated with CSE, in which 537

(88.03%) were suspected ADRs (10.49% certain). 172 Chinese language papers (63% RCTs,

27% other types of studies) were included. Studies other than RCTs were case series/reports

and ADR monitoring reports and reviews. No cohort or case-control study was identified. In

the literature, 5568 AEs were identified, of which 86 (1.54%) were classified as ADRs (1.54%

certain). 271 AEs were identified from 108 RCTs (n = 4682). ADR rate in RCTs was 0.021%.

Baidu post bar (351 themes) and Sina micro-blogs (309 posts) published a total of 660 posts.

We found no useful safety information from Baidu post bar, while we identified from Sina

micro-blogs 15 AEs (unassessible/unclassifiable) in which none could be judged as certain or

likely ADRs due to vague descriptions. The proportion of top system-organ classes related to

AEs and ADRs can be seen in Table 1.

Fig 2 illustrates the distributions of AEs in affected system-organ classes. Although the pro-

portion of AEs in gastro-intestinal class was the highest in all four different data, distributions

of system-organ classes reported in CFDA monitoring system were different by vision inspec-

tion from that identified in the literature. Distribution of affected system-organ classes of AEs

observed in RCTs deviated most from those in CFDA monitoring data. Proportions of AEs in

resistance mechanism disorder class and respiratory disorder class in the literature were much

higher than those in monitoring data, while higher (10% more) proportion of AEs in the gas-

tro-intestinal disorder class was found in monitoring data. Proportions of AEs in autonomic

Comparison of drug safety data obtained from the monitoring system, literature, and social media
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nervous disorders was largely similar between four different data. The central & peripheral

nervous system disorder reported by social media is higher than other data.

Proportions of AEs in gastro-intestinal class were also the highest in all different data

sources; however, distribution of system-organ classes (Fig 3) in ADRs reported in CFDA

monitoring system was different from that identified in the literature data. Distributions of

affected system-organs of ADRs observed from RCTs, containing only gastro-intestinal class

and liver and biliary class, were considerably different from CFDA monitoring data and other

types of studies, which affected 7 and 6 classes respectively. Proportions of ADRs in the respi-

ratory disorder class in the literature were much higher (9 times) than those in monitoring

data. Proportions of ADRs in resistance mechanism disorder class and autonomic nervous dis-

order class were much higher in monitoring data than those in other types of study reports.

Fig 1. Flow diagram of the result and processes of different sources data.

https://doi.org/10.1371/journal.pone.0222077.g001
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In Table 2 and Fig 4, gastro-intestinal disorders including nausea, diarrhea, vomiting and

non-specific disorders, were the most prevalent AEs associated with the CSE. Distributions of

AEs in CFDA monitoring data were different from that identified in the literature and social

media. AEs in RCT were most different from CFDA monitoring and social media data. Nau-

sea, gastro-intestinal disorder nos (non-specific) and pharyngitis were the top names in CFDA

monitoring data, whole literature/other types of studies and RCTs respectively.

Although nausea (Fig 5) was the top ADR in CFDA monitoring data and other types of

studies (mainly case series and case reports), it was not reported in the RCTs. Diarrhea and

vomiting were top 2 and 3 in CFDA monitoring data, however, they were not reported in the

literature. Rash and dizziness both highly prevalent (similar proportions) in CFDA monitoring

data and other types of studies. Proportions of ‘feeling abnormal’ (not specified) and ‘rash ery-

thematous’ were much higher in literatures (except RCTs) than those in CFDA monitoring

data. Only gastro-intestinal disorder nos and eructation was reported in RCTs as ADRs.

Due to the inherent drawbacks of obtained data in monitoring system, we can only recog-

nized the data-target AEs/ADRs using Chinese patent medicine CSE (a) and other AEs/ADRs

Table 1. Distributions of affected system-organ classes from CFDA monitoring data and the literature.

Involved system–organ disorders AE %(Rank) ADR� %(Rank)

MD WL RCTs OS SM MD WL RCTs OS

Gastro-intestinal 40.6(1) 28.3(1) 28.0(1) 28.5(1) 16.7(1) 40.7(1) 25.5(1) 66.7(1) 22.7(1)

Autonomic nervous 17.5(2) 14.2(2) 15.3(3) 13.7(2) 11.1(3) 17.1(2) 8.5(5) 0 9.1(5)

Skin and appendages 10.0(4) 5.5(5) 3.0(8) 6.9(4) 2.78(11) 10.5(3) 12.8(2) 0 13.6(2)

Body as a whole-general 10.6(3) 7.1(4) 8.9(5) 6.2(5) 8.33(5) 10.5(3) 10.6(4) 0 11.4(4)

Central & peripheral nervous 7.3(5) 4.5(7) 4.7(7) 4.3(8) 11.11(3) 7.4(5) 12.8(2) 0 13.6(2)

Respiratory 0.8(12) 10.5(3) 16.5(2) 7.3(3) 5.56(6) 1.0(11) 8.5(5) 0 9.1(5)

Resistance mechanism 0.4(14) 4.8(6) 11.0(4) 1.4(15) 0 0.4(14) 0 0 0

Liver and biliary 3.9(6) 4.3(8) 2.5(9) 5.3(6) 5.56(6) 4.1(6) 6.4(7) 33.3(2) 4.6(7)

total number 1158 674 236 438 36 924 47 3 44

MD: Monitoring data WL: whole literature RCTs: randomized controlled trials OS: other types of studies SM: social media

https://doi.org/10.1371/journal.pone.0222077.t001

Fig 2. Distributions of AEs in affected system-organ classes.

https://doi.org/10.1371/journal.pone.0222077.g002
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using Chinese patent medicine CSE (b), but could not obtain the target AEs/ADRs in all other

drugs (c) and other AEs/ADRs in all other drugs (d). So it could not be calculated the dispro-

portionality statistics such as PRR or ROR.

Discussion

Summary of findings

In our example, 610 AEs reported in CFDA monitoring data were associated with CSE, of

which 537 (88.03%) were ADRs (10.49% certain). 5568 AEs were identified from 172 papers

(63% RCTs, 37% other types of studies including case series, case reports, ADR monitoring

Fig 3. Distributions of ADRs in affected system-organs.

https://doi.org/10.1371/journal.pone.0222077.g003

Table 2. Distributions of AEs and ADRs in CFDA monitoring system and literatures.

AE/ADR names AE %(Rank) ADR %(Rank)

MD WL RCTs OS SM MD WL RCTs OS

Nausea 18.0(1) 8.0(2) 11.4(3) 6.8(2) 0 18.8(1) 10.8(1) 0 11.8(1)

Diarrhea 9.4(2) 4.5(6) 9.9(4) 2.3(7) 8.3(3) 8.2(2) 0 0 0

Vomiting 7.8(3) 5.5(3) 7.6(6) 4.8(4) 4.17(4) 7.9(4) 0 0 0

Rash 7.3(4) 2.9(8) 2.3(13) 3.1(5) 4.17(4) 8.1(3) 8.1(2) 0 8.8(2)

Dizziness 6.1(5) 2.3(9) 3.8(8) 1.7(10) 0 5.9(5) 5.4(4) 0 5.8(4)

Gastro-intestinal disorder nos 5.2(6) 10.8(1) 0 14.9(1) 0 5.7(6) 5.4(4) 66.7(1) 0

Pharyngitis 0.3(35) 4.7(4) 15.9(1) 0.6(23) 0 0 0 0 0

Feeling abnormal 1.0(15) 1.4(17) 0.8(16) 1.7(10) 12.5(1) 1.2(13) 8.1(2) 0 8.8(2)

Rash erythematous 0.1(55) 0.4(30) 0 0.6(23) 0 0.2(50) 5.4(4) 0 5.9(4)

Coughing 0.4(30) 4.7(4) 12.1(2) 2.0(8) 0 0.5(24) 2.7(7) 0 2.9(6)

Weight increase 0.1(55) 2.3(9) 9.0(5) 0 0 0.2(50) 0 0 0

Appetite disorder nos 0.8(16) 3.9(7) 0 5.4(3) 0 0.9(16) 2.7(7) 0 2.9(6)

Eructation 0.3(35) 0.2(44) 0.8(16) 0 0 0.2(50) 2.7(7) 33.3 (2) 0

Renal function abnormal 0 0.4 (29) 0 0.6(23) 12.5(1) 0 0 0 0

Total number 805 487 132 355 24 645 37 3 34

MD: Monitoring data WL: whole literature RCTs: randomized controlled trials OS: other types of studies SM: social media nos: non-specific

https://doi.org/10.1371/journal.pone.0222077.t002
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reports and reviews), in which 86 were ADRs (1.54% certain). 15 AEs (0 certain ADR) were

identified from social media. AEs, ADRs, and their affected system-organ classes looked

largely similar, mainly gastro-intestinal system disorders including nausea, diarrhea and vom-

iting, but different in every aspect when looking at details. Data from RCTs demonstrated

most disparity.

Strength and limitations

To our knowledge, this is the first study comparing safety data in real-world Chinese monitor-

ing system, the literature and social media in China. We obtained national safety monitoring

database (range 15 years) from professionals of the CFDA, and comprehensively searched and

Fig 4. Distributions of AE names in five data sources.

https://doi.org/10.1371/journal.pone.0222077.g004

Fig 5. Distributions of ADR names in five data sources.

https://doi.org/10.1371/journal.pone.0222077.g005
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obtained relevant published and unpublished literatures via seven major databases, and also

data from social media. The data process was complied to the PRISMA Harms checklist. The

WHO-ART was adopted to standardize the names of AEs and ADRs. The Chinese drug ADR

monitoring system covered all provinces with branches in cities and counties, and the number

of reported ADRs has been increasing year by year.

However, there are some limitations. Our data was only for one Chinese patent medicine

(CSE), thus the generalizability of our results is limited. The awareness of active reporting and

monitoring is relatively low in China [47]. Safety events of CSE in the ADR monitoring data-

base might be underreported [48]. Post-market large-sample, multicenter, well-designed clini-

cal studies for safety of CSE were not identified. and they are especially needed to traditional

Chinese medicine products [49,50]. Attempts to judge causal inference from AE to ADR were

insufficient in RCTs. Natural language and unstandardized self-reports in social media were

lacking important information for further judgment.

Incidence of AE or ADR could not be calculated in all data source; neither PRR nor POR

can be calculated in monitoring system data. For monitoring data, the total number of people

who had taken CSE in the observation period was unknown. Amongst the literature data, 14%

were case series/reports. Thus, we were unable to identify the total number of patients. It is the

same with data from social media. As another limitation, we did not conduct quality assessment

to the original literatures, thus the quality of the included studies remained unclear. In addition,

there may be very rare chance, if any, that there would be duplicates in the three data source.

Compared to other previous works

Methodology studies on the methods of collecting information for safety evaluation found

similar results with ours. TKhouri C [51], Fadini GP [52] and Wang DY [53] investigated drug

safety by combined use of RCT data and pharmacovigilance data. Although their purpose of

study was not to compare results from different data sources, their relevant results showed dis-

crepancies between these two data sources. Smith K [54] compared the consistency of ADRs

between Twitters, the US FDA Adverse Event Reporting System (FAERS), and the drug infor-

mation databases (DIDs). They found moderate agreements between them. However, they did

not compare with data from literatures. This maybe because of they only included pooled data

from meta-analysis, which was not sufficient to do the comparison due to different metric of

outcome results. Sonal S [55] used separately the data of observational studies and case reports

in monitoring system to investigate the relationship of statins and pancreatitis and found that

the results were roughly consistent.

Several methodology papers reported the limitation of using RCT data only for evaluating

drug safety. RCTs are not the best suitable study design to evaluate safety [56]. Additionally,

researchers may not pay enough attention to safety than effectiveness due to effectiveness

being a high probability event but safety a small probability event [57]. Other limitations of

RCT for evaluating safety are due to small sample size, short observation time, and strict par-

ticipation selecting [58]. High quality observational studies, such as large-sample, long-term,

prospective cohort study with safety assessment as its main purpose, can be considered as the

most advanced evidence for the evaluation of safety evidence. In addition, when there is sup-

porting evidence from other sources, the strength of the evidence will increase [57]. The limita-

tions and suggestions from these methodology papers were consistent with our study results.

Implications for future research and safety reporting

Safety conclusions based on RCTs or systematic reviews of RCTs might be more biased. And

conclusions on safety in a systematic review including only RCTs need to be explained with

Comparison of drug safety data obtained from the monitoring system, literature, and social media
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special caution. When evaluating AEs and ADRs of interventions, for example, conducting

systematic reviews for interventions or developing clinical practice guidelines, the ideal solu-

tion is to combine the real-world monitoring data, the literature data and the social media

data.

We recommended that the safety data collected in the national monitoring system need to

be open to the public in some way, for example, available upon reasonable request and ade-

quate identification concealment of personal information. This will greatly support safety stud-

ies by providing real-world data source. Connecting the ADR monitoring system with HIS

(Hospital Information System) data is needed to ease the data sharing to the community,

decrease duplicated data an improve monitoring quality. Detailed information, such as the

onset and progress of the AEs and ADRs and reasons supporting the causal inference, needs to

be strengthened.

All types of literatures contribute to the evidence base for the safety of an intervention.

Safety data of RCTs deviate from others most dramatically. This may due to the higher homo-

geneity of patients, shorter duration of treatment and follow-ups so that some specific AE/

ADR cannot be found [59]. Additionally, safety information is encouraged to reported and the

Consolidated Standards of Reporting Trials for reporting harms in RCTs (CONSORT Harms)

[60] needs to be followed. Other types of studies also should pay attention to safety.

For systematic reviews incorporating harms of intervention, whether harms are primary

outcomes or secondary outcomes, the preferred reporting items for systematic reviews and

meta-analysis harms checklist: improving harms reporting in systematic reviews (PRISMA

Harms) [26] should be adhered to. Guidelines with recommendations relevant to the safety of

interventions need to be cautious if the evidence base contains only systematic reviews of

RCTs.

It is suggested that the attention to safety information in the social media can be paid and

reported in the future. And we hope to establish and develop new authoritative and reliable

social media tools to collect safety information then output the safety data can be collected and

dealt with better.

Conclusion

In our study, the most prevalent AEs and ADRs, mainly gastro-intestinal system disorders

including nausea, diarrhea and vomiting, in monitoring system were largely similar with those

in literature and social media. But data from different sources were different if looked at

details. Multiple data sources (the monitoring system, literature and social media) should be

integrated to collect safety information of interventions. The distributions of AEs and ADRs

from RCTs were least similar with the data from other sources. Our empirical proof is consis-

tent with other similar studies.
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