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Abstract 

Objective A multicriteria decision analysis (MCDA) model was used to evaluate the benefits and risks of traditional 
Chinese medicine preparations of sinomenine alone or in combination with conventional drugs in the treatment of 
rheumatoid arthritis (RA) and to provide a basis for the rational clinical application of sinomenine.

Methods A study search was performed using six major databases, and Review Manager 5.3 was used for data analy-
sis. Then, an MCDA model evaluation system was established for the treatment of RA with sinomenine preparations, 
and the benefit values, risk values, and total benefit-risk values of sinomenine preparations alone or in combination 
with conventional drugs were calculated using Hiview 3.2 software. Finally, Monte Carlo simulations were performed 
using Crystal Ball embedded in Excel software to calculate the 95% confidence intervals (95% CI), and the probability 
of the differences between the 2 drug regimens was determined to optimize the evaluation results.

Results Forty-four randomized controlled trials (RCTs) were included. Quantitative assessment of the MCDA model 
showed that the sinomenine preparation alone offered less benefits than when combined with conventional drugs 
with a benefit difference of 20 (95% CI 3.06, 35.71). However, the risk of the combination was significantly lower with 
a risk difference of 13(95% CI -10.26, 27.52). The total value of the benefit-risk of sinomenine alone and in combination 
with conventional drugs was 46 and 53 at 60% and 40% of the benefit-risk ratio of the two dosing regimens, respec-
tively, with a difference of 7 (95% CI -4.26, 22.12). The probability that the comprehensive score of the combined regi-
men is greater than that of sinomenine alone is 90.1%, and the evaluation was steady.

Conclusion The benefit-risk of the combined application regimen of sinomenine is greater than that of sinomenine 
alone.

Keywords Sinomenine, Traditional Chinese medicine, Rheumatoid arthritis, Benefit-risk assessment, Multicriteria 
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Introduction
Rheumatoid arthritis (RA) is a chronic inflammatory 
autoimmune disease that affects approximately 0.5 ~ 1% 
of the population and is characterized by painful, swol-
len joints that can severely impair physical function and 
quality of life [1]. Current drug therapy options are lim-
ited by severe side effects, high costs, inadequate disease 
delay for most patients, and the potential for treatment 
effects to diminish over time [2]. In addition, herbal prep-
arations that can simultaneously reduce the toxic effects 
of methotrexate and its combination with other drugs, 
such as leflunomide, have become important options in 
the clinical treatment of RA [3].

Sinomenine is the main active constituent of the plant 
Caulis Sinomenii, which has anti-inflammatory, analge-
sic, and immunosuppressive effects and can inhibit the 
development of RA through multiple pathways and tar-
gets [4, 5]. Caulis Sinomenii was approved by the State 
Food and Drug Administration of China for treating RA 
almost 20  years ago [6]. The Chinese patent medicine 
Zhengqing Fengtongning, which is produced from Cau-
lis Sinomenii, has achieved efficacy in clinical practice. 
A randomized control trial of 80 patients showed that 
the efficacy of sinomenine in the treatment of RA was 
82.6% compared to 70.8% for conventional drugs and 
that sinomenine was effective in improving joint symp-
toms and laboratory parameters in RA patients [7]. On 
the other hand, sinomenine has some toxicity, and a 
large retrospective study reported an adverse reaction 
rate of 4.75%, mainly involving the skin and its accesso-
ries (41.23%) and the gastrointestinal system (35.53%) [8]. 
As the benefits and risks of sinomenine in the treatment 
of RA coexist, there is no uniform standard for evaluat-
ing its clinical potential. The efficacy and adverse effects 
of sinomenine have been evaluated in several papers 
at home and abroad, but most of the studies were per-
formed using a systematic evaluation. For example, Zeng 
Cheng [9] and Liu Weiwei [10] analysed a large number 
of RCTs but failed to combine the benefits and risks and 

did not comprehensively evaluate the benefits of sinome-
nine on RA. The final evaluation of its benefits and risks 
is one-sided.

Therefore, this study used a multicriteria decision 
analysis (MCDA) to standardize the scoring of various 
outcome indicators and evaluated the benefits and risks 
of sinomenine individually or in combination therapy 
for RA based on real-world RCT data. The benefits and 
risks of sinomenine in the treatment of RA are taken 
into account, the scores of each index can be evaluated 
more intuitively, and the advantages and disadvantages 
of the drug regimen can be judged from the comprehen-
sive evaluation to help clinicians make a more favourable 
choice for patients.

Materials and methods
Literature search
We searched randomized controlled trials (RCTs) of Chi-
nese medicine preparations of Caulis Sinomenii for RA 
using the CNKI (China National Knowledge Infrastruc-
ture), VIP (China Science and Technology Journal Data-
base), WanFang, Embase, PubMed, and Web of Science 
databases. Keywords, including rheumatoid arthritis, RA, 
Zhengqing Fengtongning, Sinomenine, RCT, and rand-
omized literature retrieval time, were employed to search 
for studies published from database establishment to 
December 2021. The search strategy is shown in Table 1.

Inclusion criteria
Research target
Patients with a definite diagnosis of RA based on diag-
nostic criteria referring to the 1987 American College of 
Rheumatology criteria regardless of gender, age, race, or 
disease activity.

Research type
Randomized controlled trial.

Table 1 Search strategy

Data base Search strategy

PubMed (Zhengqing Fengtongning OR Sinomenine[Title/Abstract]) AND (RA[Title/Abstract] OR 
rheumatoid arthritis) arthritis hritisarthritis[Title/Abstract])

EMBASE #1 (Zhengqing Fengtongning or Sinomenine).mp. [mp = title, abstract, full text, caption text]

#2 (RA or Rheumatoid Arthritis).mp. [mp = title, abstract, full text, caption text]

#1 AND #2

Web of Science TS = ((Zhengqing Fengtongning OR Sinomenine) AND (RA OR rheumatoid arthritis))

CNKI (Zhengqing Fengtongning OR Sinomenine) AND (RA OR rheumatoid arthritis)

Wan Fang (Zhengqing Fengtongning OR Sinomenine) AND (RA OR rheumatoid arthritis)

VIP (Zhengqing Fengtongning OR Sinomenine) AND (RA OR rheumatoid arthritis)
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Interventions
The experimental group applied Chinese patent medi-
cines containing sinomenine alone or in combination. 
The control group used conventional medicines, includ-
ing nonsteroidal anti-inflammatory drugs (NSAIDs) and 
disease-modifying antirheumatic drugs (DMARDs).

Outcomes
Total effective rate, including morning stiffness, tender 
joint count (TJC), swollen joint count (SJC), rheumatoid 
factor (RF), C-reactive protein (CRP), erythrocyte sedi-
mentation rate (ESR); the adverse effects rate based on 
gastrointestinal reaction, leukocyte decline, liver function 
impairment, and skin lesions.

Exclusion criteria
Animal studies, review literature, literature for which 
full text was not available, and literature lacking outcome 
indicators or records of adverse reactions were excluded.

MCDA model
To establish the decision tree of evaluation indices, the 
evaluation of outcome indices is divided into benefit and 
risk indices, and the expression of each index is presented 
in the form of an effects tree based on Hiview 3.2, as 
shown in Fig. 1. The SWING method was used to weight 
each index, and the benefit and risk indices were the pri-
mary indices. Due to the special characteristics of RA, we 
set the benefit weight as 60% and the risk weight as 40%. 
Here, the symptoms of RA patients mainly consisted of 
joint pressure pain and joint swelling, so their weight was 
set as 100. The risk indicators liver function impairment 
and leukocyte decline were the most serious, so their 

weights were also set to 100. The weights of the remain-
ing indicators were derived from their respective weights 
based on comparison with the above indicators, as shown 
in Table 2.

Data analysis
The benefit and risk indicators of each study were merged 
using RevMan 5.3 software and are presented in the form 
of 95% confidence intervals (CIs), as shown in Table 2.

Scores
Given that the benefit and risk indicators are not meas-
ured similarly, comparing their performance in an 
MCDA requires transforming the data into preference 
scores. Therefore, based on the single-attribute utility 
function relationship, we set a 0–100 rating for each of 
these 13 indicators, For the benefit, a higher preference 
value indicates a higher gift, whereas the opposite is true 
for the risk. Some metrics are relatively more important 
than others, and we give them more weight by weigh-
ing them. The optimal value and the worst value for each 
indicator are specified in Table 2.

Sensitivity
Due to the subjective nature of the weight assigned to 
each indicator, a sensitivity analysis is required to dem-
onstrate the stability of its weight selection. If the weight 
changes by greater than 20%, the evaluation results will 
change. Then, the weighting of indicators is more reason-
able, and the sensitivity established by the MCDA model 
is not high and more stable, and vice versa [11].

Fig. 1 Benefit-risk evaluation effects tree of sinomenine in the treatment of RA. Benefit: Positive outcomes for patients Risk: Negative outcomes for 
patients TJC: tender joint count SJC: swollen joint count RF: rheumatoid factor CRP: C-reactive protein ESR: erythrocyte sedimentation rate
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Monte Carlo simulation
As the benefit and risk values obtained by RevMan 5.3 
are point estimates, Monte Carlo simulations were per-
formed in Excel via Crystal Ball 11 to iteratively calculate 
the benefit and risk values and the 95% CI of the total 
benefit-risk values for the 2 groups (sinomenine prepara-
tion alone and in combination) and to simulate the prob-
ability of differences between the 2 groups to optimize 
the MCDA evaluation results.

Results
Include studies
A total of 1163 articles were retrieved for the first time. 
After removing duplicates and noncompliant studies, 44 
studies were finally obtained [12–55], all of which were 
Chinese RCTs. The studies were published from 1999 to 
2021. Among them, 14 articles reported sinomenine use 

alone. Thirty-one articles included combined treatments, 
and all but 9 studies mentioned the random assignment 
method. Bias in data integrity and selective reporting 
was not observed in any of the studies, and the blinding 
method or distribution method of the participants was 
not reported in any of the studies, as shown in Fig. 2.

Consolidation result
A meta-analysis of 14 studies showed that the sinome-
nine preparation alone was effective in improving joint 
symptoms (morning stiffness, joint tenderness, joint 
swelling and pain) and laboratory parameters (ESR, RF, 
CRP) and had a lower incidence of adverse reactions than 
conventional drugs. However, a high incidence of skin 
damage was reported. The meta-analysis of 30 combined 
drugs showed that sinomenine alone could effectively 
improve patients’ joint symptoms, laboratory indices, 

Table 2 Weight and weight score of each indicator for alone and combined

Classification Outcome indicators Weight Best Worst Relative weights Weight Sore

Alone Combine

Benefit Effective/% 80 5 1 9.60% 3.456 6.528

Morning stiffness/min 80 ‒13 0 9.60% 2.784 7.776

TJC 100 ‒2 0 12% 5.76 4.92

SJC 100 ‒3 0 12% 6.36 5.04

ESR/mm/h 40 ‒10 0 4.80% 2.496 3.36

RF/IU/ml 60 ‒17 0 7.20% 1.008 4.32

CRP/mg/L 40 ‒7 0 4.80% 1.824 3.504

Benefit Total 60% 23.4 35.4

Risk Adverse effects Rate /% 80 0 1 8.40% 5.124 3.192

Gastrointestinal reaction /% 40 0 1 4.20% 2.268 1.638

Liver damage /% 100 0 1 10.50% 8.085 7.035

Leucopenia /% 100 0 1 10.50% 5.145 5.775

Skin lesions /% 40 0 1 4.20% 0 0

Others/% 20 0 1 2.10% 1.827 1.113

Risk Total 40% 22.4 17.2

Overall Total 100% 46 53

Fig. 2 Publication bias of included literature
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and the incidence of adverse reactions compared with 
the ordinary medicine group, but the incidence of allergic 
reactions was still greater than that in the conventional 
drug group (Table 3).

Comprehensive benefits
The benefit values of a sinomenine preparation alone 
and combined with ordinary medicine were 39 and 59, 
respectively. Thus, sinomenine combination therapy has 
a better effect on RA. However, sinomenine use alone is 
more effective in alleviating joint tenderness and joint 
swelling, as shown in Table  2. Monte Carlo simulation 
was performed using crystal ball software and 30,000 
iterations. The results showed that the difference between 

sinomenine alone and combined with conventional med-
icines was 20 (95% CI 3.06, 35.71), as shown in Fig. 3.

Comprehensive risk
The risk values of sinomenine alone and in combination 
were 56 and 43, respectively, demonstrating that the risk 
of sinomenine alone for RA is lower, especially in terms 
of damage to liver function. The incidence of adverse 
reactions to sinomenine alone is more advantageous, but 
both regimens scored 0 in skin damage reactions, indi-
cating that sinomenine is not skin friendly (see Table 2). 
Monte Carlo simulation iterations were performed, and 
the results showed that the difference between sinome-
nine alone and in combination with conventional 

Table 3 Merger results of alone and combined of each indicator

Indicator Alone Combined

RCT Result RCT Result

Benefit Effective /% 11 2.44;95%CI(1.87,3.19),P< 0.00001 20 3.7;95%CI(2.72,5.02),P< 0.00001

Morning stiffness /min 13 ‒3.83;95% CI (‒4.87, -2.8),P< 0.00001 20 ‒10.51;95%CI (‒12.72,-8.31), P< 0.00001

TJC 13 ‒0.95;95% CI (‒1.39, -0.51), P< 0.00001 17 ‒0.82;95%CI (‒1.6,-0.03), P = 0.04

SJC 13 ‒1.65;95% CI (‒2.1, -1.19), P< 0.00001 17 ‒1.25;95% CI (‒1.98, -0.52), P = 0.0008

ESR/mm/h 11 ‒5.15;95% CI (‒7.98, -2.23), P< 0.0004 26 ‒6.96;95% CI (‒9.65, -4.27), P < 0.00001

RF/IU/ml 9 ‒2.36;95% CI (‒3.25, -1.48), P < 0.00001 22 ‒10.18;95% CI (‒16.4, -3.97), P = 0.001

CRP/mg/L 8 ‒2.63;95% CI (‒5.49, -0.24), P = 0.07 19 ‒5.14;95% CI (‒6.63, -3.66), P< 0.00001

Risk Adverse effects Rate /% 6 0.39;95%CI (0.21,0.72), P = 0.003 20 0.62;95%CI (0.43,0.89), P = 0.008

Gastrointestinal reaction /% 12 0.46;95%CI (0.19,1.12), P = 0.09 19 0.61;95%CI (0.43,0.85), P = 0.003

Liver damage /% 6 0.23;95%CI (0.07,0.73), P = 0.03 15 0.45;95%CI (0.26,0.78), P = 0.002

Leucopenia /% 8 0.51;95%CI (0.18,1.44), P = 0.2 17 0.48;95%CI (0.29,0.78), P = 0.003

Skin lesions /% 9 1.54;95%CI (0.61,3.89), P = 0.36 20 1.4;95%CI (0.88,2.23), P = 0.16

Others/% 7 0.13;95%CI (0.04,0.38), P = 0.0002 8 0.47;95%CI (0.25,0.88), P = 0.02

Fig. 3 Differential benefits between alone and combined use
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medicines was 13 (95% CI -10.26, 27.52), as shown in 
Fig. 4.

Comprehensive benefits‑risk
The benefit-risk values for sinomenine alone and the 
combination were 46 and 53, respectively, and the ben-
efit-risk for the combination was sevenfold greater than 
that for sinomenine alone. The combined use scored is 
relatively evenly distributed in all areas, indicating that 
the regimen can alleviate the patient’s condition via 
numerous mechanisms. Thus, the patient can benefit 
more. Regarding hepatic impairment and the incidence 
of adverse reactions, the score was higher for sinomenine 

alone. Considering that the patients had liver disease, 
perhaps sinomenine alone was more appropriate (Fig. 5). 
Monte Carlo simulation showed that the total benefit-
risk value difference between the 2 drug regimens was 
7 (95% CI -4.26, 22.12), as shown in Fig. 6. After 30,000 
simulations, the probability that the combined regimen 
would score higher than the single agent regimen was 
90.1% (Fig. 6).

Sensitivity analysis
When the relative benefit weight is 60%, the total ben-
efit-risk for the combination of sinomenine is greater 
than that for sinomenine, as shown in Fig. 7. The above 

Fig. 4 The deviation of risk between alone and combined

Fig. 5 Benefits—risks of alone and combined
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evaluation results change when the comparative benefit 
weight is reduced to less than 40%. As mentioned above, 
the evaluation results change when the change range of 
the weight exceeds 20%, indicating that the current sub-
jective weight setting is reasonable. Thus, the weight 
assigned to the benefit-risk in this study is affordable, and 
the model has high stability.

Discussion
The MCDA model provides a structured framework 
within which the aspects considered to be important to 
the overall aspects are assessed and graded, and specific 
judgements are made. The model is mainly comprised 

of three steps: determine the main influencing factors, 
evaluate the evidence for each factor, and ensure that the 
results of the MCDA model are meaningful. In this study, 
the hypothesis was artificially graded twice, and the rela-
tive weight of relevant outcome indicators was obtained. 
Although the constituent ratios and established weights 
are subjective, the assumptions underlying their use are 
clear. Theoretical and clinical perspectives work together 
to determine what represents value and facilitate drug 
decisions. MCDA is also widely used in the benefit-risk 
assessment of drugs. For example, MCDA is used to 
identify the most suitable treatment for patients with 
NVAF [56] and to perform a benefit-risk assessment of 

Fig. 6 The probability of combined use being better than alone

Fig. 7 Sensitivity analysis of benefit-risk
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six over the-counter analgesics [57]. In addition, we per-
formed Monte Carlo simulations based on MCDA. Ran-
domized simulations were used to compare the benefits 
and risks of the two treatment options. The accuracy of 
the results was verified theoretically, and the benefits and 
risks of the two treatments were further verified.

Efficacy
RA is a chronic inflammatory autoimmune disease influ-
enced by both genetic and environmental factors [58]. As 
there is no cure for RA, the treatment goals are to reduce 
pain and stop/slow further damage [59]. Caulis linoleum 
has been utilized to treat RA for more than 1,000 years 
as recorded in a compendium of material media. Many 
recent studies have shown that it has a significant effect 
on RA [60, 61], and can effectively improve the amount of 
joint swelling, morning stiffness time, ESR, RF and other 
patient signs and laboratory examination indicators.

These features are observed in the RCTs included in 
this study. Whether used alone or in combination, it has 
better efficacy than conventional drugs in improving 
patient signs and laboratory indicators, especially in com-
bination. Monte Carlo simulation showed that sinome-
nine combined with conventional drugs was 100% better 
than sinomenine alone and more effective in reducing 
morning stiffness time and RF. This finding indicates that 
the combination of sinomenine with conventional drugs 
may achieve better clinical efficacy and is more favour-
able for alleviating patients’ conditions, providing a reli-
able theoretical basis for clinical medicine.

Risk
Due to the chronic increase of RA patients and the need 
for long-term medication, the risk of drugs is at the 
center of the attention of clinicians and patients. Tra-
ditional DMARD conventional drugs work slowly, and 
many months are needed to reach the effect of the control 
condition; however, the cumulative effect of long-term 
medication can lead to various complications, such as 
gastrointestinal reactions, liver and kidney function, and 
bone marrow toxicity. Studies have demonstrated that 
small doses of MTX could also lead to gastrointestinal 
tract, infection, lung diseases, and other adverse reactions 
[62]. Similarly, sinomenine also has unfavourable reac-
tions. Adverse reactions caused by sinomenine mainly 
include rash and gastrointestinal discomfort, which may 
be related to strong histamine release [63], therefore, risk 
assessment is also essential.

Our study showed a series of unfavourable reactions 
to sinomenine. Skin damage was reported most fre-
quently. The merged data showed that both were below 
the minimum criteria we set, so both regimens scored 
0. However, from the perspective of the included RCT, 

its adverse reactions and system damage were less than 
those of conventional Western medicine drugs either 
alone or in combination. Among them, the incidence of 
adverse reactions of a single application was lower, and 
the scores of multiple adverse reactions were better than 
those of a combined regimen. Therefore, patients with 
poor tolerance in clinical application may choose to use 
sinomenine alone to obtain more benefits.

Benefit‑risk
Sinomenine has both benefits and risks in the treatment 
of RA. Therefore, comprehensive consideration should 
be paid to the application of sinomenine in the treatment 
of RA, and multiple factors should jointly determine 
the medication regimen to improve drug compliance. 
Although numerous studies have analysed the effec-
tiveness and safety of sinomenine, these studies have 
neglected to unify the benefit and risk evaluation and 
failed to comprehensively evaluate its overall utility for 
RA patients, which is one-sided to some extent. Based 
on the MCDA model and Monte Carlo simulation, this 
study further verified the theoretical differences in ben-
efits and risks between the two treatment regimens. In 
the analysis of this study, the weights of benefit and risk 
were set at 60% and 40%, respectively. The reason for this 
allocation is that compared to side effects, limb deformi-
ties, joint swelling and pain have more far-reaching and 
serious consequences for patients. Moreover, sensitiv-
ity analysis showed that our allocation was reasonable. 
When performing the sensitivity analysis, we observed a 
significant change in the results when the benefit weight 
was decreased to 40%, indicating that the weight assigned 
was reasonable according to the previous statement. The 
final results demonstrate that the two treatment regi-
mens differ in their benefit and risk scores. Specifically, 
sinomenine in combination with conventional drugs 
offered more benefits in the treatment of RA compared 
with sinomenine alone. However, the combination regi-
men exhibited higher risk scores than sinomenine alone, 
which may be related to the inherent risk of combining 
drugs. Combining the benefits and risks, the combina-
tion of sinomenine with conventional drugs has a higher 
score, and the combination regimen is more recom-
mended than sinomenine alone for clinical applications.

Bias
A total of 44 literatures were included in this study. 
According to the risk assessment results, there is a 
certain deviation risk, and the main risk factors are 
blind design and selection allocation hiding. It is dif-
ficult to avoid the bias caused by the lack of rigor in 
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the research program. Only high-quality research pro-
gram design can alleviate this situation, but there is still 
room for improvement in the blind design of such stud-
ies. Secondly, sinomenine is only applied in the Chinese 
market at present, so the studies we included were all 
in Chinese, which may also lead to the deviation of the 
results. The studies we included ranged from 1999 to 
2021, and there may be some bias between individual 
studies. To sum up, we still need to design rigorous 
research schemes and higher quality studies to further 
verify the correctness of our research.

Conclusion
In summary, the combination regimen may be more 
beneficial to patients than sinomenine alone. The inci-
dence of adverse reactions for sinomenine alone is 
lower than that noted for the combination regimen, and 
sinomenine alone may be more appropriate for patients 
with poor health status or allergies. This study is based 
on the MCDA model that provides a clear method of 
assigning weights, and the above conclusions were 
obtained after several iterations of simulations. This 
information is expected to serve as a reference for clini-
cal practice.
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