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Purpose: Total glucosides of paeony (TGP) have been confirmed to reduce hepatotoxicity

caused by methotrexate (MTX) and leflunomide (LEF) in rheumatoid arthritis (RA).

Nevertheless, high-quality evidence-based meta-analysis data on the issue are unavailable.

This study aimed to evaluate the efficacy and safety of this combination treatment for RA.

Materials and methods: PubMed, EMBASE, Web of Science, Cochrane Library,

ClinicalTrials, Chinese Biomedical Literature database, China National Knowledge

Internet, Wan Fang, and VIP were searched up to February 2019. Randomized controlled

trials (RCTs) on the efficacy and safety of TGP combined MTX and LEF for RA were

included.

Results: Eight RCTs were included in the final meta-analysis. Pooled results showed better

therapeutic effects against RA in the TGP-treated group (RR =1.10, 95% CI: 1.04 −1.16). The

TGP+MTX+LEF group showed a reduced erythrocyte sedimentation rate (MD = −2.80 mm/h,

95%CI: −5.08 - −0.52), C-reactive protein level (MD= −4.17 mg/L, 95%CI: −7.84 - −0.51), and

rheumatoid factor (MD = −12.09 IU/mL, 95% CI: −14.05 - −10.14). Besides, the combination

treatment tended to benefit lipid profiles (total cholesterol: 95% CI: −1.27–0.06; triglycerides:

95%CI: −0.49 - −0.08; high-density lipoprotein cholesterol: 95%CI: 0.15–0.83; and low-density

lipoprotein cholesterol: 95% CI: −0.54 - −0.02). Adverse events, hepatotoxicity in particular,

significantly decreased (RR =0.55, 95% CI: 0.38–0.80) in the TGP group.

Conclusion: Compared to MTX and LEF therapy, TGP combination treatment may be

a more effective and safer strategy. It is advisable to apply TGP as an adjuvant given its

hepatoprotective and possible lipid-regulating effect. However, further large-scale and high-

quality clinical trials are warranted, and the efficacy of TGP in terms of its effect on lipid

profiles should be further confirmed.
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Introduction
Rheumatoid arthritis (RA) is a systematic autoimmune disease characterized by

chronic inflammation of the synovium, synovial hyperplasia, pannus formation,

and erosive lesions of the cartilage and bone tissue. It has a global prevalence of

0.24% and of 0.3% in China.1,2 The current therapeutic drugs for RA are mainly

disease-modifying anti-rheumatic drugs (DMARDs), including conventional syn-

thetic (cs) DMARDs, biological (b) DMARDs (tumour necrosis factor inhibitors),

and targeted synthetic (ts) DMARDs (Janus kinase inhibitors). Among DMARDs,
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methotrexate (MTX) is recommended as the first strategy

for the treatment of active RA by the European League

Against Rheumatism (EULAR).3 When treatment with

MTX plus short-term glucocorticoids (GC) fails, stratifica-

tion such as switching to or adding another csDMARD is

suggested.3 A previous meta-analysis indicated that leflu-

nomide (LEF) in MTX non-responders can improve effi-

cacy but increase the risk of liver toxicity.4 Despite the

better efficacy and low cost of MTX and LEF combination

treatment for active RA, hepatotoxicity caused by the ther-

apy arouses much concern. Although bDMARDs and

tsDMARDs show better responses and are safer than

csDMARDs, high costs restrict their application.5,6

Therefore, there remains a demand for better pharmacolo-

gic strategies to treat RA.

Total glucosides of paeony (TGP) are biologically active

compounds extracted from the roots of the traditional Chinese

herb, Paeonia lactiflora Pallas. They predominantly comprise

five monoterpene glycosides including paeoniflorin, oxypaeo-

niflorin, paeonin, albinorin, and benzoylpaeoniflorin.

Paeoniflorin is the most abundant, accounting for 90% of the

active components and the pharmacological effects of TGP.7,8

TGP has been approved as a disease-modifying drug for RA

since 1998 by the China Food and Drug Administration and is

now widely used to treat RA in China. Several experimental

studies have indicated the anti-inflammatory, immunoregula-

tory, and analgesic effects of TGP.7–9 In addition, clinical

studies have showed that compared to MTX and LEF therapy,

TGP combined with MTX and LEF treatment significantly

ameliorated manifestations of RA and reduced

hepatotoxicity.10,11 Owing to the lack of a high-quality evi-

dence-based study, we conducted this meta-analysis of rando-

mized controlled trials (RCT) to comprehensively assess the

efficacy and safety of TGP combined with MTX and LEF

compared with those of MTX and LEF therapy, thus, assisting

with the clinical decision for RA treatment.

Materials and methods
This review was conducted and reported in line with the

Preferred Reporting Items for Systematic Reviews and

Meta-Analyses (PRISMA) Statement protocol.12

Search strategy
To ascertain the efficacy and safety of TGP combined with

MTX and LEF for active RA, we searched nine databases

including PubMed, EMBASE, Web of Science, the Cochrane

Library, ClinicalTrials, Chinese Biomedical Literature

database (CBM), Wan Fang medical database, China

National Knowledge Internet (CNKI), and VIP database.

The search strategies were as follows: 1. “total glucosides

of paeony” OR TGP; 2. methotrexate OR MTX; 3. lefluno-

mide OR LEF; 4. “rheumatoid arthritis” OR “rheumatism”

OR “atrophic arthritis”; 5.1 AND 2AND 3AND 4; and 6. For

Chinese databases, the terms “pa fu lin”OR “bai shao zong *”

(for total glucosides of paeony), “jia an die ling” (for metho-

trexate), “lai fu mi te” (for leflunomide), and “guan jie yan”

(for arthritis) were used.

Inclusion and exclusion criteria
The following were included: (1) studies that used TGP in

combination with MTX and LEF to treat RA; (2) studies in

which all enrolled patients were diagnosed with RA according

to the recognized RA diagnostic criteria (the 1987 American

College of Rheumatology [ACR] criteria or the 2010 ACR/

EULAR criteria); (3) studies in which there were no other

treatment differences between the experimental and control

group; (4) studies in which the duration of treatment was at

least 12 weeks; (5) studies in which the data of interest were

available; and (6) RCTs.

The following were excluded: (1) studies in which

patients were not diagnosed with RA in accordance with

the diagnostic criteria mentioned above; (2) studies in

which there were additional treatment factors between

the experimental and/or the control group; (3) incomplete

or duplicative data or data of interest were not available;

and (4) reviews, cross-design trials, comments, or case

reports.

Types of outcome measures
The primary outcomes were therapeutic effects (TEs) and

adverse events (AEs). The secondary outcomes were active

arthritis evaluation indexes including erythrocyte sedimen-

tation rate (ESR), C-reactive protein (CRP), rheumatoid

factor (RF), disease activity score in 28 joints (DAS28),

swollen joint count (SJC), tender joint count (TJC), and

lipid profile indexes including total cholesterol (TC), trigly-

ceride (TG), high-density lipoprotein cholesterol (HDL-C),

and low-density lipoprotein (LDL-C). AEs included abnor-

mal liver function (abnormalities were identified when

either alanine aminotransferase or aspartate aminotransfer-

ase was at least 1.5 times above the upper limits of normal),

leukopenia (leukocyte count < 4.0×109/L), nausea and

vomiting, gastrointestinal disorder, and diarrhoea (3–4

times a day).
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Data extraction
Two authors (Yao Huang and Hui Wang) independently

browsed the title, abstract, and full text of the literature

meeting the criteria. Any discrepancy was resolved by con-

sensus with the corresponding author (Shenghao Tu). Details

of the publication year, number of subjects, age, sex, disease

duration, dosage, BMI, follow-up, and outcome indexes were

extracted (Table 1). Only the endpoint data were applied in

our meta-analysis because the initial level of all outcome

indexes in eight RCTs were mostly identical between the

TGP+MTX+LEF group and the MTX+LEF group.

Assessment of methodological quality
The quality of each study included was assessed according

to the Cochrane Collaboration’s risk of bias tool consisting

of random sequence generation, allocation concealment,

blinding of participants and personnel, blinding of out-

come assessment, incomplete outcome data, selective

reporting, and other biases.19

Statistical analysis
We used Rev Man 5.3 software and Stata 12.0 to evaluate

the efficacy and safety of TGP in combination with MTX

and LEF for treating active RA. A heterogeneity analysis

was conducted using the Chi2 and I2 tests. The data were

analysed using a fixed-effects model when statistical hetero-

geneity was low (I2≤50% or Chi2 test p < 0.1); otherwise, the

random-effect model was used. When heterogeneity was

high, a meta-regression analysis was conducted using Stata

12.0 according to dosage and treatment duration, publication

language, publication year, and combination with other

drugs or not. Then, a subgroup analysis was performed to

ascertain the possible reasons for heterogeneity. We used

Rev Man 5.3 to perform a sensitivity analysis by eliminating

studies in sequence and Stata 12.0 to obtain the figure for the

sensitivity analysis and to evaluate the publication biases

using Begg’s and Egger’s tests.

Results
Study inclusions
A total of 289 relevant studies were retrieved from nine

databases by employing the above-mentioned search strate-

gies. After removing duplicates, 209 studies were screened.

Then, 179 records were excluded because of other diseases

(n=33), animal or cell experiments (n=101), other medicines

(n=19), reviews or case reports (n=26). Subsequently, 18

studies were eliminated owing to the use of combination

medicines in these studies. The remaining 12 studies were

further analysed, and two studies (Billix and Yu et al) were

eliminated because they were not in accordance with the

ACR/EULAR diagnostic criteria for RA.20,21 Furthermore,

after careful comparison, some studies were thought to pos-

sibly be duplicate publications with different treatment

durations.10,14,22,23 Finally, eight studies including 908

patients were analysed as shown in Figure 1.10,11,13–18

Characteristics of the studies
A total of eight trials including 463 RA cases and 465

controls that met our inclusion criteria were included. All

the studies were conducted in China and published from

2011 to 2018. The TGP dosage ranged between 0.6 and

1.8 g/day. The dosages of MTX and LEF were equivalent

between experiment and control groups with the MTX

dosage ranging between 7.5 and 15 mg/week and LEF

dosage ranging between 10 and 20 mg/d. The intervention

duration in the included studies varied from 12 to 24 weeks.

In the study by Xiang et al, all eligible patients were recruited

from seven medical centres and the study by Chen et al was

conducted in three centres, whereas the other six studies were

performed in a single centre. As for the disease condition,

DAS-ESR, the study by Tan et al required a score of more

than 5.1, while in three studies patients with active RA

having scores DAS28≥3.2 were recruited.10,11,14,18 In the

study by Zheng et al, which was aimed at determining the

effects of TGP on blood lipids, RA patients with dyslipidae-

mia were recruited.15 In the study by Tan et al, all patients

used the same non-steroidal anti-inflammatory drug

(NSAID, diclofanac sodium sustained release tablets 75 mg

qd) if necessary and folic acid tablets 10 mg qw.18 In the

study by Xiang et al, use of NSAID (diclofenac) and corti-

costeroids (10 mg/day, prednisone equivalent) was

permitted.11 In the study by Zheng et al, the use of one

NSAID was allowed.15 The study by Shi et al included four

groups: MTX, MTX+TGP, MTX+LEF, and MTX+TGP

+LEF; only the needed data were included in the analysis.13

The characteristics of the included RCTs are listed in Table 1.

Qualities of the studies included
Most of the RCTs included exhibited poor methodological

quality according to the Cochrane Collaboration’s risk of

bias tool criteria shown in Figure 2. Three trials described

the random sequence generation and three provided dropout

information specifically. However, sufficient information was

unavailable for allocation concealment, blinding of
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Figure 2 Risk of bias assessment.

Note: +, low risk of bias; ?, unclear risk of bias.

Chinese database: n=109
CBM: n=25
CNMI: n=27

Wangfang: n=36
VIP: n=21

English database: n=180
Pudmed: n=20

EMBASE: n=151
Web of science: n=7

the cochrace library: n=2
Clinical trials: n=0

Studies after duplicates removed
n=209 Studies excluded: n=179

Other diseases: n=33
Animals or cells: n=101

Othrer drugs: n=19
Reviews or case reports: n=26

Studies excluded: n=18
Not combined with MTX and LEF: n=8

Combined with other drugs: n=10

Full-text studies excluded: n=4
Failure to meet diagnostic criteria: n=2

Duplicated publication: n=2

Full text screening:
n=30

Further careful screening:
n=12

RCTs included in meta-analysis:
n=12

Included
E

ligibillity
S

creening
Identification

Figure 1 Flow diagram of study selection.
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participants and personnel, as well as blinding of outcome

assessment.

Meta-analysis
Arthritis-ameliorating effect

The TEs were compared in six RCTs including 509 patients.

As shown in Figure 3, the pooled results showed a slight

improvement in the TEs of combination treatment plus TGP

compared to those associated with MTX combined with

LEF (RR =1.10, 95% CI: 1.04–1.16, p=0.002) based on

the fixed-effect model (I2=22%, p=0.27). The pooled results

for ESR showed TGP combined with MTX and LEF sig-

nificantly ameliorated ESR (MD = −2.80 mm/h, 95% CI:

−5.08 - −0.52, p=0.02) based on the random-effect model

(I2=72%, p=0.002). Six studies showed that TGP+MTX

+LEF therapy significantly reduced CRP (MD =

−4.17 mg/L, 95% CI: −7.84 - −0.51, p=0.03) based on the

random-effect model (I2=87%, p < 0.00001). Four studies

showed that TGP+MTX+LEF treatment significantly

decreased RF (MD = −12.09 IU/mL, 95% CI: −14.05 -

−10.14, p < 0.00001) based on the fixed-effect model

(I2=39%, p=0.18). Pooled results of DAS28, SJC, and

TJC showed a slight improvement in the TGP+MTX+LEF

group, but there were no statistically significant intergroup

differences (MD = −0.79, 95% CI: −1.69 - −0.11, p=0.09;
MD = −0.77, 95% CI: −1.78–0.24, p=0.14; MD = −0.55,
95% CI: −1.61- −0.50, p=0.30; respectively) based on the

random-effect model (I2=89%, p < 0.00001; I2=79%,

p=0.0009; I2=72%, p=0.01; respectively).

The results of the meta-regression analysis showed that

the heterogeneity of ESR and CRP was not significantly

related to treatment durations, dosage, publication year,

publication language, or whether treatments were used in

combination.

With regard to TE, ESR, and CRP, we also conducted

a subgroup analysis to further assess whether the variation in

the dosage of TGP (Figure 4) and follow-up (Figure 5) could

contribute to the heterogeneity. In the dosage subgroup, the

results obtained for TE and CRP suggested no significance

(p=0.19 and p=1.00, respectively), nor did those obtained for

TE and ESR in the follow-up subgroup (p=0.38 and p=0.17,

respectively). However, in the dosage subgroup for ESR,

p=0.007 indicated a significant difference, yet the improve-

ment was not better with a higher dosage (0.6 g/d: MD =

−5.70 mm/h, 95% CI: −7.33 - −4.07, p < 0.000001; 1.2 g/d:

MD = −5.50 mm/h, 95% CI: −10.86 - −0.14, p=0.04; 1.8 g/d:
MD = −1.51 mm/h, 95% CI: −3.56–0.55, p=0.15).

Meanwhile, the change in CRP was statistically different in

the follow-up subgroup (p=0.03), and it seemed that a long

follow-up led to greater improvement (12 w: MD = −4.29 mg/

L, 95% CI: −8.03 - −0.56, p=0.02; 24 w: MD = −4.20 mg/L,

95% CI: −7.50 - −0.90, p=0.01; respectively) than did a short
follow-up (4 w: MD = −0.03 mg/L, 95% CI: −1.81–1.75,
p=0.98). However, other results did not indicate a dosage-

dependent or time-dependent relationship.We did not perform

a meta-regression analysis or subgroup analysis with regard to

RF, DAS28, SJC, and TJC owing to insufficient data.

Lipid-regulating effect

Only twoRCTs studied the effect of TGPcombinedwithMTX

and LEF on lipid profiles as shown in Figure 6.15,17 Pooled

results indicated that the TGP+MTX+LEF combination treat-

ment decreased the concentration of TC (MD=−0.61mmol/L;

95%CI: −1.27–0.06; p=0.07), TG (MD= −0.28mmol/L; 95%

CI: −0.49 - −0.08; p=0.007), and LDL-C (MD = −0.28 mmol/

L; 95%CI: −0.54 - −0.02; p=0.03), while increasing the HDL-
C concentration (MD =0.49 mmol/L; 95% CI: 0.15–0.83;

p=0.005).

Adverse events

As shown in Figure 7, seven studies showed AEs (sum-

marized in Table 2) and the pooled results revealed

a significantly lower rate of AEs caused by combination

treatment plus TGP (RR =0.55, 95% CI: 0.38–0.80,

p=0.002) based on the random-effect model (I2=72%,

p=0.001). When the study by Xiang et al was eliminated,

the heterogeneity significantly reduced (I2 reducing from

72% to 0%).11 AEs were not mentioned in the study by Shi

et al.13 Five RCTs reported abnormal liver function, and

one patient in the MTX+LEF group dropped out because

of significantly elevated liver enzymes.10,11,14,16,18 Five

RCTs reported leukopenia, and three patients dropped out

because of a severe reduction in the leukocyte count,

which also occurred in the MTX and LEF treatment

group.10,11,14,16,18 Four RCTs reported diarrhoea, and one

patient dropped out because of a severe condition.10,11,14,17

The pooled results indicated that the TGP+MTX+LEF

combination treatment significantly lowered occurrence

of abnormal liver function (RR =0.69, 95% CI:

0.37–1.28, p < 0.0001), but there were no significant

difference in the occurrence of leukopenia (RR =0.35,

95% CI: 0.24–0.52, p=0.24), nausea and vomiting (RR

=0.55, 95% CI: 0.28–1.07, p=0.08), gastrointestinal disor-

ders (RR =0.66, 95% CI: 0.40–1.09, p=0.11) and diarrhoea

(RR =4.02, 95% CI: 0.68–23.80, p=0.12). Besides drop-

outs, the AEs mentioned above resolved or disappeared
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Figure 3 The pooled effects of TGP combined with MTX and LEF on TE, ESR, CRP, RF, DAS28, SJC, and TJC in cases of RA. Forest plots comparing TGP plus MTX and LEF

with MTX and LEF. (A) TE; (B) ESR; (C) CRP; (D) RF; (E) DAS28; (F) SJC; (G) TJC.

Abbreviations: TGP, total glucosides of paeony; MTX, methotrexate; LEF, leflunomide; TE, therapeutic effect; ESR, erythrocyte sedimentation rate; CRP, C-reactive

protein; RF, rheumatoid factor; DAS28, disease activity score in 28 joints; SJC, swollen joint count; TJC, tender joint count.
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Figure 4 Subgroup analysis of TE, ESR, and CRP based on the dosage of TGP. Forest plots comparing TGP plus MTX and LEF with MTX and LEF. (A) TE; (B) ESR; (C) CRP.

Abbreviations: TGP, total glucosides of paeony; MTX, methotrexate; LEF, leflunomide; TE, therapeutic effect; ESR, erythrocyte sedimentation rate; CRP, C-reactive

protein.
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Figure 5 Subgroup analysis of TE, ESR, and CRP based on follow-up. Forest plots comparing TGP plus MTX and LEF with MTX and LEF. (A) TE; (B) ESR; (C) CRP.

Abbreviations: TGP, total glucosides of paeony; MTX, methotrexate; LEF, leflunomide; TE, therapeutic effect; ESR, erythrocyte sedimentation rate; CRP, C-reactive

protein; w, weeks.
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after discontinuing the medication transiently, reduction of

dosage and symptomatic treatment.

Sensitivity analysis

In the sensitivity analysis (Figure 8), the heterogeneity of

ESR significantly reduced when the study by Xiang et al

or Zhang and Fan was removed (I2 reduced from 79% to

42% and 43%, respectively).11,17 Moreover, when the

study by Shi et al or Zhang and Fan was omitted, there

was no statistical difference in ESR.13,17 No significant

change in heterogeneity related to CRP was observed.

Nevertheless, there was no statistical difference between

the TGP+MTX+LEF and MTX+LEF groups with the

removal of the study by Shi et al, Zheng et al or Tan et

al.13,15,18 There was no significant change in heterogeneity

concerning DAS28, however, interestingly, a statistical

difference arose when the study by Xiang et al was

eliminated.11 The heterogeneity of SJC and TJC signifi-

cantly reduced when the study by Tan et al was removed

(I2 reduced from 79% to 7% and from 72% to 36%,

respectively).18

Publication bias

Publication bias was estimated using Begg’s (Figure 9)

and Egger’s test. Studies with p-values greater than 0.05

were deemed to have low heterogeneity. The results

signified that there was negligible bias associated with

TE (p=0.116), ESR (p=0.598), RF (p=0.853), DAS28

(p=0.205), SJC (p=0.370), and TJC (p=0.977) except for

CRP (p=0.006) and AE (p=0.007). Taking the possible

publication bias into account, the significant CRP-

lowering and AE-lowering effects need further

verification.

Discussion
The data from our current study indicated that the TGP

+MTX+LEF combination treatment could enhance treatment

effects and reduce the levels of ESR, CRP, and RF, while

having little impact on DAS28, STC, and TJC. There was

little evidence showing that therapy plus TGP could lower

the concentrations of TC, TG, and LDL-C and increase the

concentration of HDL-C simultaneously. In addition, the

TGP+MTX+LEF combination treatment significantly low-

ered the occurrence of abnormal liver function.

The results of the subgroup analysis suggested that the

efficacy of TGP was not dependent on dosage and inter-

vention time. One possible reason was that data from

RCTs with different dosages and intervention times were

not sufficient to support the conclusion. Another reason

was that all RCTs included were of a low quality which

might lead to false-positive or false-negative results owing

to subjectivity. Moreover, the different dosages of MTX
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MTX+LEF Mean Difference Mean Difference
YearWeight
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B
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Figure 6 Pooled effects of TGP combined with MTX and LEF on TC, TG, HDL-C, and LDL-C in cases of RA. Forest plots comparing TGP plus MTX and LEF with MTX and

LEF. (A) TC; (B) TG; (C) HDL-C; (D) LDL-C.

Abbreviations: TE, therapeutic effect; TGP, total glucosides of paeony; MTX, methotrexate; LEF, leflunomide; TC, total cholesterol; TG, triglyceride; HDL-C, high-density

lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol.
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Figure 7 Pooled effects of AEs of TGP combined with MTX and LEF for RA. Forest plots comparing TGP plus MTX and LEF with MTX and LEF treatment. (A) AE; (B)
Abnormal liver function; (C) Leukopenia; (D) Nausea and vomiting; (E) Gastrointestinal disorder; (F) Diarrhoea.

Abbreviations: AE, adverse event; TGP, total glucosides of paeony; MTX, methotrexate; LEF, leflunomide.
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and LEF could contribute to the diversity and complexity

of the combination therapy. Additional trials of various

dosage combinations and of high quality should be con-

ducted to determine the optimal therapeutic regimen.

Considering the changes in the sensitivity analysis and

publication bias, careful attention should be paid to out-

comes associated with ESR, CRP and DAS28.

Some studies can help explain the efficacy of TGP in

the treatment of RA. To begin with, TGP exerts a marked

anti-inflammatory effect. The potential mechanism may be

attributed to factors such as the modulation of pro-

inflammatory mediators, mediation of cyclic adenosine

monophosphate (cAMP) levels, suppression of the NF-

κB signalling pathway and phosphorylated mitogen-

activated protein kinase (MAPK) signalling molecules.24

Second, the immunoregulatory properties of TGP make it

suitable for wide application in autoimmune diseases

owing to the modulation of various immune-mediated

inflammatory pathways such as regulation of the miR-

124/STAT3 pathway and blocking of TLR2/4/5.25,26

Furthermore, in several studies a consensus has been

reached on analgesic effects of TGP, which are partly

regulated by inhibition of the extracellular signal-

regulated protein kinase pathway and mediated by κ-
opioid receptors and α2-adrenoceptors in the central

nervous system.27 Besides, inhibition of synovial hyper-

trophy and neovascularization also plays a vital role in the

treatment of arthritis.7 In view of the above modern

pharmacological evidence, TGP can be administrated in

various autoimmune disorders. In addition to RA, TGP

have been commonly prescribed for diseases of ankylosing

spondylitis, primary Sjogren’s syndrome, oral lichen pla-

nus, and alopecia areata.28–32

Increasing evidence demonstrates that patients with

RA are at excessive risk of cardiovascular disease

(CVD) and dyslipidaemia is one of the risk factors.33

A meta-analysis of 24 studies in which mortality was

reported in patients with RA indicated a 50% increased

risk of CVD-related death.34 Recommendations for RA

management according to EULAR 2016 include screen-

ing, identification of CVD risk factors, and CVD risk

management.3 The excessive risk displayed in patients

with RA may be influenced by pharmacological treat-

ment to a certain degree such as treatment with GC,

NSAIDs, MTX, and LEF.34 Therefore, not only did we

assess the arthritis-ameliorating effect of TGP, but also

evaluated its effect on lipid profiles. However, additional

supporting data are required due to insufficient research

on the topic. The lipid-regulating effect of TGP has also

been confirmed in an animal models of

atherosclerosis.35 We recommend that additional clinical

and basic research should be performed on TGP regula-

tion of blood lipids for the treatment of RA in the

future.

Notable among the findings was that fewer AEs were

associated with the TGP combination treatment than those

associated with MTX and LEF therapy, especially when

there was an emphasis on hepatotoxicity, which is indeed

encouraging news for patients who are unable to tolerate

MTX+LEF treatment. The precise hepatic mechanism of

the effect of TGP in humans has not been clarified.

However, studies conducted using animal models have

indicated that paeoniflorin, the principal component of

TGP, can ameliorate liver fibrosis and delay the progres-

sion of non-alcoholic fatty liver disease by regulating IL-

13 production and various intracellular pathway

activities.36,37 There was an increasing tendency for the

occurrence of diarrhoea in the TGP group but no statistical

intergroup difference was found. Considering any possible

publication bias, whether TGP combination treatment can

reduce AEs needs further validation.

There are some advantages of our study. To start

with, we established strict inclusion criteria to exclude

articles that did not meet the ACR/EULAR diagnostic

criteria. Second, with verification of research design,

sample size, and implementation location, we avoided

Table 2 The AEs about all included RCTs

Adverse events TGP +
MTX + LEF

MTX +
LEF

N Total N Total

Abnormal liver function10,11,16,18,14 29 357 79 341

Leukopenia11,10,14,16,18 14 357 21 341

Nausea and vomiting10,11,14,18 12 317 22 301

Gastrointestinal disorder10,11,16,17 23 311 33 301

Diarrhea10,11,14,17 29 304 5 292

Abdominal pain10,11 9 228 12 218

Anorexia11,17 19 166 23 172

Alopecia10,11 4 156 9 160

Hypertension11 4 123 5 129

Oral mucosa erosion11 0 123 2 129

Dizziness11 2 123 3 129

Headache11 1 123 0 129

Rash/Pruritus14,17,18 3 132 4 126

Abnormal renal function18 1 56 1 52

Abbreviations: AE, adverse event; RCTs, randomized controlled trials; TGP, total

glucosides of peony; MTX, methotrexate; LEF, leflunomide.
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possible duplicate publications. Moreover, we performed

a meta-regression analysis and a subgroup analysis to

determine sources of heterogeneity. To assess the cred-

ibility and robustness of the results, we used Begg’s and

Egger’s tests as well as a sensitivity analysis. Last but

not least, AEs of TGP were fully detailed in our meta-

analysis which is not common in research of traditional

Chinese medicine. Nonetheless, our meta-analysis has

several limitations that should be considered. First, all

of the included studies were conducted in Chinese popu-

lations, which presented a high risk of selection

bias. Second, most of the trials included were of low

quality with the information on allocation concealment,

blinding, dropouts, and intention to treat missing, which

might have concealed potential selection or detection

bias. Besides that, differences in the quality of trials,

intervention methods, different dosages of MTX and

LEF, and treatment duration were responsible for the

heterogeneity. Finally, there were only two RCTs that

discussed the influence of TGP on lipid metabolism,

making it hard to sum up the lipid-regulating benefit.

Consequently, the conclusions of this study should be

carefully interpreted. Treatment dose, treatment duration,

and the difference in disease activity of RA might lead

to differences in the treatment effect. These factors

should be considered to resolve the issues in further

experiments. Because of the low quality of the included

studies, the overall effects still need further verification

in more clinical studies with a larger sample and better

methodological quality.

Conclusion
Our meta-analysis suggested that TGP combined with

MTX and LEF might be more effective and

safer than MTX and LEF treatment for the treatment

of active RA. Besides its efficacy-enhancing and

ESRA

DAS28C

TJCE AEF

SJCD

CRPB

Figure 8 Sensitivity analysis. (A) ESR; (B) CRP; (C) DAS28; (D) SJC; (E) TJC; (F) AE.
Abbreviations: ESR, erythrocyte sedimentation rate; CRP, C-reactive protein; DAS28, disease activity score in 28 joints; SJC, swollen joint count; TJC, tender joint count;

AE, adverse event.
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hepatoprotective effect for RA treatment, TGP may

benefit the metabolic profile and lower CVD occur-

rences without causing major side effects. Thus, we

suggest its application as an adjuvant combined with

other csDMARDs such as MTX and LEF. Further

clinical trials with a larger sample and better metho-

dological quality are warranted to clarify the potential

benefits of TGP for RA.
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