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Background: Plant active substances are extensively utilized in treating
rheumatoid arthritis (RA). Despite numerous experimental and clinical studies
on plant active substances their efficacy remains largely unsubstantiated. The
widespread use of these extracts as therapeutic measures for RA is problematic
due to the lack of compelling evidence.

Objective: Our research aims to assess the impact of plant active substances on
RA by conducting a network meta-analysis.

Methods: We systematically searched four electronic databases—PubMed,
EMBASE, the Cochrane Central Register of Controlled Trials, and Web of
Science—from their inception to August 2024. The main focus was on
assessing primary outcomes, including the Visual Analogue Scale (VAS),
inflammatory markers, Swollen Joint Count (SJC), Tender Joint Count (TJC),
and Disease Activity Score on 28 joints (DAS28). We performed data analysis using
StataMP 15.1 software and ranked the therapeutic effects based on the Surface
Under the Cumulative Ranking Curve (SUCRA) probability values.

Results: Based on screening procedures, 18 eligible studies were incorporated
into the analysis. These studies encompassed a total of 1,674 RA patients and
investigated 10 different plant active substance therapies. Specifically, 10 studies
included VAS indicators, 17 studies included inflammatory marker indicators,
14 studies included DAS28 indicators, 13 studies included SJC indicators, and
13 studies included TJC indicators. Based on SUCRA values, quercetin appeared
to be the most effective treatment for decreasing serum VAS levels (67.3%).
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Furthermore, curcumin emerged as the most promising option for reducing
inflammatory marker levels (72.3%), SJC (75.6%), and TJC (76.2%). Lastly, with
respect to DAS28, resveratrol emerged as the optimal choice (74.3%).

Conclusion: According to the network meta-analysis (NMA), curcumin exhibited
superior efficacy compared to placebo in decreasing SJC and TJC. Additionally,
curcumin demonstrated greater effectiveness in reducing inflammatory markers.
Quercetin was more effective in reducing VAS, and resveratrol was more effective
in reducing DAS28. Patients with RA may benefit from these findings. Insightful
information from this study is helpful for RA patients to consider using plant active
substance therapies. For their efficacy and safety to be confirmed, more proof is
needed.

KEYWORDS

rheumatoid arthritis, plant active substances, curcumin, quercetin, resveratrol, systematic
review and meta-analysis

Introduction

Rheumatoid arthritis (RA) is a serious autoimmune disorder
where the immune system attacks joint linings, causing
inflammation, joint damage, and deformity (Myasoedova
et al., 2010). RA significantly impacts patients’ physical,
social, and emotional health, as well as their work capacity,
due to its disabling and recurrent nature (Radner et al., 2011).
The etiology of RA remains unknown. The primary aims of RA
treatment are to slow disease progression, minimize pain,
maintain joint mobility, and prevent disability (Burmester and
Pope, 2017; Dong et al., 2021). The primary treatments for RA
include chemical drugs such as NSAIDs, DMARDs, and
glucocorticoids (Smolen et al., 2016). Although these drugs
significantly alleviate symptoms, they are costly, have
numerous side effects, and yield poor long-term results (Safiri
et al., 2019). The increasing number of RA patients and their
economic impact are driving interest in finding safe and effective
alternative treatments (Safiri et al., 2019).

Plant active substances are gaining attention for their
efficacy, multi-targeting properties, and fewer side effects,
and have been utilized in traditional medicine to treat RA for
centuries (Chatterjee et al., 2024; Huang et al., 2024).
Tripterygium wilfordii root extracts (TwRE) have been shown
therapeutic promise in RA. A randomized controlled trial
indicates that TwRE alone is as effective as methotrexate
(MTX) alone for active RA, and a combination of TwRE
and MTX is more effective than MTX alone (Lv et al., 2015).
In a 24-week, open-label, randomized multicenter clinical
trial, the results demonstrated that total glucosides of paeony
(TGP) had a hepatoprotective effect in treating active RA,when
combined with MTX (Chen et al., 2013). Plant active substances
also exhibit anti-rheumatoid arthritis effects through diverse
mechanisms. For example, resveratrol inhibited TNF-α induced
production of IL-1β and MMP-3 via inhibition of PI3K-Akt
signaling to possess its anti-inflammatory role in RA (Tian et al.,
2013). Pomegranate extract plays a crucial role in preventing
cartilage degradation by inhibiting the activation of mitogen
kinase-3 (MKK3), p38α mitogen-activated protein kinase
(p38α-MAPK), and runt-related transcription factor-2
(RUNX-2) (Rasheed et al., 2010). Sinomenine significantly

reduced arthritic scores by modulating TNF-α, IL-6 and IL-
10 levels in collagen-induced arthritis rats (Tong et al., 2015).
The studies summarized provide a brief overview of the
mechanisms by which plant active substances inhibit
inflammation and modulate immunity.

Numerous randomized controlled trials (RCTs) studying
the therapeutic effects of plant active substances on RA have
been performed and published. Nevertheless, the outcomes
and therapeutic interventions of these RCTs are inconsistent
and do not provide a solid foundation for clinicians to develop
treatment strategies for RA. Consequently, there is an urgent
need for a thorough and comprehensive synthesis of these
RCTs to refine the treatment paradigm for RA. Network
meta-analysis is a data-driven method that combines direct
and indirect evidence to compare and rank the effectiveness
of multiple treatments for a condition (Rouse et al., 2017).
Accordingly, this research represents the first comprehensive
network meta-analysis of RCTs concerning plant active
substances for RA, aiming to provide clinicians with high-
quality evidence.

Methods

The meta-analysis and systematic review were rigorously
conducted in strict adherence to the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) guidelines
(Table 1), which has been registered with PROSPERO
(CRD42024569765).

Search strategy

In this study, an exhaustive literature review was performed
utilizing four electronic databases—PubMed, EMBASE, the
Cochrane Central Register of Controlled Trials, and Web of
Science—spanning from their inception to August 2024. The
search strategy was formulated in accordance with the PICOS
framework: (P) Population: individuals with RA; (I)
Intervention: plant active substances; (C) Comparator: control
group receiving only usual care or placebo; (O) Outcomes:
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Disease Activity Score on a 28-joint count (DAS28), swollen
joint count (SJC), tender joint count (TJC), inflammatory
markers including C-reactive protein (CRP) and Erythrocyte

Sedimentation Rate (ESR), and Visual Analogue Scale (VAS) for
pain; (S) Study type: RCTs. The detailed search strategy is
provided in Supplementary Table 1.

TABLE 1 Characteristics of the studies included in the meta-analysis.

Author Country Year N Patient
age
(Year)
(Mean
(SD))

Intervention(I)
T C

Intervention
time (Weeks)

Intervention
frequency (T)

Outcome
indicator(O)

Amalraj et al. (2017) India 2017 24 T: 38.3 (5.8)
C: 39.6 (8.8)

curcumin placebo 12W Bid ①②③④⑤

Chandran and Goel
(2012)

India 2012 26 T: 47.8 (8.60)
C: 47 (16.22)

curcumin CON 8W Bid ①②③④⑤

Pourhabibi-Zarandi
et al. (2022)

Iran 2022 44 T: 50.68
(9.93)
C:
50.36 (9.70)

curcumin placebo 8W 500 mg/day ②

Pourhabibi-Zarandi
et al. (2024)

Iran 2024 44 T: 50.68
(9.93)
C:
50.36 (9.70)

curcumin placebo 8W 500 mg/day ①③④⑤

Rezaieyazdi et al.
(2023)

Iran 2023 61 T: 55 (12.25) curcumin placebo 12W 80 mg/day ①②③④⑤

Hemmati (Hemmati
et al., 2016)

Iran 2016 60 NR curcumin placebo 8W Qd ②③④⑤

Bitler (Bider et al.,
2007)

United States 2007 27 T + C: 65 (5) olive extract placebo 8W Bid ②

Chen et al. (2012) China 2012 194 T + C:
44.6 (13.3)

TGP placebo 24W Tid ②③

Xiang et al. (2015) China 2015 268 T: 49.57
(12.57)
C: 47.57
(11.68)

TGP CON 12W Tid ②③④⑤

Ghavipour et al.
(2017)

Iran 2017 55 T: 48.4 (11.4)
C: 49.1 (12.2)

pomegranate
extract

placebo 8W Qd ①②③④⑤

Goldbach-Mansky
et al. (2009)

United States 2009 62 T: 54 (11)
C: 52 (12)

TwRE CON 24W Tid ①②④⑤

Lv et al. (2015) China 2015 138 T: 51.3 (8.3)
C: 51.0 (10.3)

TwRE CON 24W Tid ①②③④⑤

Hang et al. (2018) China 2018 331 T: 51.3 (4.2)
C: 52.1 (5.8)

baicalin placebo 12W Qd ②

Helli et al. (2019) Iran 2019 44 T + C:
55.49 (5.98)

sesamin placebo 6W Qd ①②③④⑤

Javadi et al. (2017) Iran 2017 40 T: 46.55
(9.94)
C:
48.00 (8.39)

quercetin placebo 8W 500 mg/day ①②③④⑤

Khojah et al. (2018) Saudi Arabia 2018 100 T: 44.2 (16.4)
C: 46.5 (12.3)

resveratrol placebo 12W Qd ②③④⑤

Shi et al. (2022) China 2022 77 NR SIN CON 24W Bid ①②③④⑤

Yang et al. (2018) China 2018 79 T: 52.97
(9.96)
C:54.05
(14.89)

puerarin placebo 24W 400 mg/day ②③

Note: T, experimental group, C, control group, CON, control group with usual treatment, NR, not reported, TGP, total glucosides of paeony, TwRE, tripterygium wilfordii root extract, SIN,

sinomenine; ① pain visual analog scale (VAS) ② inflammatory marker ③ Disease Activity Score 28 (DAS28) ④ swollen joint count (SJC) ⑤ tender joint count (TJC).
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Inclusion criteria

Included studies were randomized controlled trials that reported
outcome metrics comparing treatment and control groups in adults
with RA treated with plant active substances. Studies that did not
meet the inclusion criteria, or that did not exclusively target RA
patients (e.g., those including patients with osteoarthritis), were
excluded. Uncontrolled and/or non-randomized studies, pediatric
studies and review articles were also excluded.

Exclusion criteria

We excluded research characterized by incomplete or
undocumented data, as well as studies involving non-randomized
controlled trials, including quasi-randomized controlled trials, study
protocols, animal experiments, case studies, conference abstracts,
and letters to the editor.

Study selection

Using Zotero software, we systematically filtered and excluded
literature. Initially, two researchers independently assessed the titles
to identify and remove duplicates, non-randomized studies, reviews,
protocols, conference papers and correspondence. Subsequently,
they examined the abstracts to decide which studies to include or
exclude. The final phase involved a comprehensive review of the
selected literature to make definitive inclusion decisions.
Throughout this process, the researchers independently screened
the literature and subsequently compared their lists to ensure
concordance. In cases of disagreement, a consensus was reached
through discussion. When their selections aligned, the literature
progressed to the final review stage. When facing discrepancies, a
third researcher facilitated discussions to reconcile the differences.

Data extraction

The following headings will be captured in a six-item
standardized and pre-selected data extraction form: (1) author,
(2) country, (3) year of publication, (4) mean patient age, (5)
details of the plant active substance intervention, and (6)
outcome indicators.

Risk of bias of individual studies

Two researchers independently evaluated the risk of bias (ROB)
in RCTs using the Cochrane Handbook version 5.1.0. We conducted
a systematic evaluation of seven critical aspects of the studies: (1) the
randomization method, (2) allocation concealment, (3) participant
blinding, (4) personnel blinding, (5) the management of missing
data, (6) the comprehensiveness of reported outcomes, and (7) other
sources of bias. Based on this evaluation, studies were classified into
three levels of risk of bias: high (with five or more domains at high
risk), moderate (three or four domains at high risk), and low (no
more than two domains at high risk) (Higgins et al., 2011).

Quality assessment of evidence

We used the CINeMA (Confidence in Network Meta-Analysis)
framework to assess the quality of assessment (Nikolakopoulou
et al., 2020; Papakonstantinou et al., 2020). It includes six key
dimensions: including within-study bias, reporting bias,
indirectness, imprecision, heterogeneity, and inconsistency.

Data analysis

The variables in plant active substance studies are continuous
and are expressed as means with standard deviations (SD) (Li and
Chen, 2021). To address the non-uniformity of units for outcome
variables across some studies, continuous variables were recalculated
using the 95% confidence interval (CI) and standardized mean
difference (SMD). I2 statistic test was performed, the random
effects model was used when I2 >50% and P < 0.05, and the
fixed effects model was used for the meta-analysis. Given the
potential differences among the studies, we opted to use a
random effects model for the analysis (Jackson et al., 2011). The
details of I2 statistic test are provided in Supplementary Figures 1–5.
We used Stata software (version 15.1) for our network meta-
analysis, employing a Bayesian approach with Markov chain
Monte Carlo simulations. Our methodology followed PRISMA
NMA guidelines (Supplementary Material 2) to ensure
transparency, reproducibility, and rigor (Moher et al., 2015; Vats
et al., 2019). We used Node-splitting method in Stata to assess
indirect and direct comparisons consistency in our analysis, with
P-value above 0.05 indicating consistency (Salanti et al., 2011).

Stata software is employed to construct network diagrams for
the evaluation of plant active substance interventions. In these
diagrams, nodes symbolize individual interventions or control
groups, while the connecting lines denote direct comparisons
between them. The dimensions of the nodes and lines are
positively correlated with the number of studies (Chaimani et al.,
2013). We evaluated the ranking of each intervention by calculating
the surface under the cumulative ranking curve (SUCRA) values.
Interpretation of the SUCRA, which are expressed as percentages,
necessitates caution unless clinical significance is evident, thereby
guiding the evaluation of the efficacy of plant active substance
therapies (Marotta et al., 2020). In addition, in order to assess
the potential impact of small-scale research bias on NMA results,
network funnel plots were drawn and examined for symmetry
(Khera et al., 2016).

Results

Study and identification and selection

In our electronic database retrieval process, a total of
4,138 pieces of documents were obtained. After de-duplication,
the 2,904 remaining documents were reviewed for title and
abstract, and then 2,869 documents were excluded. The
remaining 35 documents were thoroughly reviewed; however,
2 documents were not retrieved. Fifteen documents were
excluded again for various reasons, such as incomplete data,
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differing outcome indicators, inclusion of ineligible interventions,
and non-randomized controlled trials. Consequently, the final
number of documents included in this study was 18 (Figure 1).

Characteristic and quality of the
included studies

Our analysis included 18 randomized controlled trials,
encompassing 1,674 patients. Interventions in the treatment
group included curcumin (6 studies), olive extract (1 study),
TGP (2 studies), pomegranate extract (1 study), TwRE
(2 studies), baicalin (1 study), sesamin (1 study), quercetin
(1 study), resveratrol (1 study), sinomenine (SIN) (1 study),
and puerarin (1 study). Ten studies utilized VAS as an outcome
indicator, seventeen studies reported inflammatory markers,
fourteen studies reported DAS28, thirteen studies reported SJC,
and thirteen studies reported TJC. Two studies were from India,
seven from Iran, two from the Americas, six from China, and one
from Saudi Arabia. The characteristics of the included studies are

shown in Table 1. The risk of bias assessment for the included
RCTs is illustrated in Figure 2. After assessing the level of evidence
using CINeMA, overall quality of VAS, inflammatory markers,
DAS28, SJC and TJC were high confidence (Supplementary
Tables 2–6).

Pain visual analog scale

The Network Meta-Analysis figure for VAS is presented in
Figure 3A. P-values were systematically evaluated for consistency
across all comparative analyses within the study, encompassing both
indirect and direct assessments. Since all P-values exceeded 0.05, this
suggests an acceptable level of consistency among the studies.
Further details are provided in Supplementary Table 7.

The findings of the Network Meta-Analysis indicated that none
of the plant active substance treatments demonstrated superior
efficacy compared to the control group in decreasing VAS scores.
The efficacy of different plant active substance treatments in terms
of lowering VAS scores was ranked, with quercetin (SUCRA: 67.3%,

FIGURE 1
Preferred reporting items for systematic reviews and meta-analysis (PRISMA) flow diagram of systematic search and included studies.
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as shown in Figure 3B) being identified as the most effective. A
comparative analysis of the different interventions is provided
in Table 2.

Inflammatory marker

The Network Meta-Analysis figure for inflammatory markers is
presented in Figure 4A. The consistency and inconsistency between
indirect and direct study comparisons were assessed. All resultant
P-values were larger than 0.05, indicating an acceptable level of
consistency. Further fully details are provided in Supplementary Table 8.

The Network Meta-Analysis showed that none of the plant
active substance treatments outperformed the routine measures in
lowering inflammatory markers. Curcumin (SUCRA: 72.3%,
Figure 4B) was shown to be the most effective plant active

substance intervention in terms of reducing inflammatory
markers based on a probability ranking. A comparison of the
different interventions is provided in Table 3.

Disease Activity Score 28

The Network Meta-Analysis figure for DAS28 is displayed in
Figure 5A. Consistency and inconsistency were tested for all indirect
and direct comparisons, all p-values were found to be greater than
0.05, which indicates a reasonable level of consistency among the
studies. Further fully details are provided in Supplementary Table 9.

The Network Meta-Analysis results indicated that, compared to
the placebo, curcumin [MD = −1.33, 95% CI (−2.30, −0.36)] was
superior in decreasing DAS28. The probability ranking of various
plant active substance interventions for decreasing DAS28 identified

FIGURE 2
Risk of bias graph for RCTs.

FIGURE 3
Evidence of plant active substance to influence VAS (A), NMA figure of the VAS (B), the SUCRA plot of the VAS. Abbreviations: TwRE, Tripterygium
wilfordii root extract; SIN, sinomenine.
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resveratrol as the highest (SUCRA: 73.3%, as shown in Figure 5B). A
comprehensive comparison of the various interventions is presented
in Table 4.

Swollen joint count

The Network Meta-Analysis figure for swollen joint count (SJC)
is presented in Figure 6A. All indirect and direct comparisons were
assessed for consistency and inconsistency; all P-values exceeded
0.05, suggesting good consistency. Further fully details are provided
in Supplementary Table 10.

Based on the Network Meta-Analysis results, curcumin
[MD = −4.41, 95% CI (−7.50, −1.31)] was superior to the

placebo in reducing SJC. The probability ranking of various plant
active substance interventions for decreasing SJC identified
curcumin as the highest (SUCRA: 75.6%, as shown in Figure 6B).
A comprehensive comparison of the various interventions is showed
in Table 5.

Tender joint count

The Network Meta-Analysis figure for tender joint count (TJC)
is presented in Figure 7A. Indirect and direct study comparisons
were assessed for inconsistency and consistency, with all P-values
exceeding 0.05, thereby indicating uniform effects. Further fully
details are provided in Supplementary Table 11.

TABLE 2 Treatments ranked by SUCRA values and the league table of their relative effectiveness in terms of VAS.

Quercetin
SUCRA 67.3%

−2.78 (−38.61, 33.06) Curcumin
SUCRA 66.2%

−4.62 (−54.66, 45.43) −1.84 (−37.67,
33.99)

TwRE
SUCRA 60.7%

−7.53 (−51.20, 36.14) −4.75 (−39.10,
29.59)

−2.91 (−51.90,
46.08)

Sesamin
SUCRA 52%

−9.02 (−59.54, 41.49) −6.25 (−43.45,
30.95)

−4.40 (−38.14,
29.33)

−1.49 (−50.97,
47.98)

SIN
SUCRA 49.5%

−11.10 (−56.21, 34.01) −8.32 (−44.47,
27.83)

−6.48 (−56.75,
43.79)

−3.57 (−47.50,
40.36)

−2.08 (−52.82,
48.67)

Pomegranate
extract
SUCRA 45.8%

−14.62 (−60.22, 30.98) −11.84 (−41.15,
17.46)

−10.00 (−30.68,
10.67)

−7.09 (−51.53,
37.35)

−5.60 (−32.57,
21.37)

−3.52 (−49.37,
42.33)

Usual treatment
SUCRA 35%

−18.90 (−50.62, 12.81) −16.13
(−32.95, 0.70)

−14.28 (−53.26,
24.69)

−11.37 (−41.40,
18.65)

−9.88 (−49.62,
29.86)

−7.80 (−39.88,
24.27)

−4.28 (−37.35,
28.79)

Placebo
SUCRA
23.5%

Abbreviations: TwRE, Tripterygium wilfordii root extract; SIN, sinomenine.

FIGURE 4
Evidence that plant active substances affect inflammatory markers (A), NMA figure of the inflammatory marker (B), the SUCRA plot of the
inflammatory marker. Abbreviations: TwRE, Tripterygium wilfordii root extract; SIN, sinomenine; TGP, total glucosides of paeony.
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The results of the Network Meta-Analysis indicated that
curcumin [MD = −5.02, 95% CI (−8.25, −1.80)] was superior to
the placebo in reducing TJC. The probability ranking of various
plant active substance interventions for decreasing TJC identified
curcumin as the highest (SUCRA: 76.2%, as shown in Figure 7B). A
comparison of the different interventions is provided in Table 6.

Publication bias test

The presence of publication bias was assessed by creating a
funnel plot for each outcome; visual analysis revealed no evidence
of this bias (Wallace et al., 2009). Further details are shown
in Figure 8.

Discussion

This network meta-analysis was performed to assess the efficacy
of various plant active substances in treating RA. The main aim of
this study was to evaluate the efficacy of different plant active
substances in RA patients. This analysis included 18 studies,
covering 10 distinct treatment modalities and involving 1,674 RA
patients. The results indicated that curcumin showed significantly
greater efficacy in reducing swollen joint count (SJC) and tender
joint count (TJC) compared to placebo. Curcumin was also more
effective in reducing inflammatory markers. Quercetin was more
effective in reducing Visual Analog Scale (VAS) scores, while
resveratrol was more effective in reducing the Disease Activity
Score for 28 joints (DAS28).

TABLE 3 Treatments ranked by SUCRA values and the league table of their relative effectiveness in terms of inflammatory markers.

Curcumin
SUCRA
72.3%

−6.53
(−74.92,
61.85)

TwRE
SUCRA
60.2%

−8.34
(−79.42,
62.75)

−1.80
(−96.48,
92.87)

Resveratrol
SUCRA
58.8%

−10.78
(−61.48,
39.92)

−4.24
(−69.20,
60.71)

−2.44
(−81.92,
77.04)

SIN
SUCRA
57.2%

−10.23
(−62.66,
42.20)

−3.69
(−49.02,
41.64)

−1.89
(−85.93,
82.15)

0.55
(−48.47,
49.58)

Usual
treatment
SUCRA 56.8%

−17.14
(−89.68,
55.40)

−10.60
(−106.37,
85.17)

−8.80
(−100.64,
83.04)

−6.36
(−87.14,
74.43)

−6.91 (−92.19,
78.37)

pomegranate
extract
SUCRA
50.9%

−21.11
(−92.56,
50.34)

−14.57
(−109.52,
80.38)

−12.77
(−103.76,
78.22)

−10.33
(−90.14,
69.48)

−10.88
(−95.23,
73.47)

−3.97
(−96.10,
88.16)

Puerarin
SUCRA
47%

−21.96
(−92.86,
48.95)

−15.42
(−109.96,
79.11)

−13.62
(−104.17,
76.93)

−11.18
(−90.50,
68.14)

−11.73
(−95.62,
72.16)

−4.82
(−96.52,
86.88)

−0.85
(−91.69,
89.99)

Sesamin
SUCRA
46.3%

−21.44
(−92.78,
49.91)

−14.90
(−109.77,
79.97)

−13.10
(−104.00,
77.80)

−10.66
(−90.37,
69.06)

−11.21
(−95.47,
73.05)

−4.30
(−96.35,
87.75)

−0.33
(−91.52,
90.86)

0.52
(−90.24,
91.28)

Quercetin
SUCRA
46%

−24.39
(−95.19,
46.42)

−17.85
(−112.31,
76.61)

−16.05
(−106.53,
74.43)

−13.61
(−92.83,
65.62)

−14.16
(−97.96,
69.64)

−7.25
(−98.88,
84.38)

−3.28
(−94.05,
87.49)

−2.43
(−92.77,
87.91)

−2.95
(−93.64,
87.74)

Baicalin
SUCRA
43.1%

−29.68
(−100.64,
41.27)

−23.15
(−117.73,
71.43)

−21.35
(−111.94,
69.25)

−18.90
(−98.26,
60.46)

−19.46
(−103.39,
64.47)

−12.55
(−104.29,
79.20)

−8.58
(−99.46,
82.31)

−7.73
(−98.18,
82.73)

−8.25
(−99.05,
82.56)

−5.30
(−95.68,
85.09)

olive
extract
SUCRA
38.2%

−29.16
(−83.90,
25.57)

−22.63
(−105.72,
60.47)

−20.82
(−99.37,
57.72)

−18.38
(−83.63,
46.86)

−18.93
(−89.68,
51.81)

−12.02
(−91.89,
67.84)

−8.05
(−86.93,
70.82)

−7.20
(−85.58,
71.18)

−7.72
(−86.51,
71.06)

−4.77
(−83.07,
73.52)

0.52
(−77.91,
78.95)

TGP
SUCRA
37.1%

−27.35
(−58.54,
3.84)

−20.81
(−91.49,
49.87)

−19.01
(−83.19,
45.17)

−16.57
(−65.86,
32.72)

−17.12
(−72.72,38.48)

−10.21
(−76.00,
55.58)

−6.24
(−70.83,
58.34)

−5.39
(−69.37,
58.59)

−5.91
(−70.38,
58.56)

−2.96
(−66.83,
60.91)

2.33
(−61.71,
66.38)

1.81
(−43.60,
47.23)

Placebo
SUCRA
36.1%

Abbreviations: TwRE, Tripterygium wilfordii root extract; SIN, sinomenine; TGP, total glucosides of paeony.
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FIGURE 5
Evidence that plant active substances affect DAS28 (A), NMA figure of the DAS28 (B), the SUCRA plot of the DAS28. Abbreviations: TwRE,
Tripterygium wilfordii root extract; SIN, sinomenine; TGP, total glucosides of paeony.

TABLE 4 Treatments ranked by SUCRA values and the league table of their relative effectiveness in terms of DAS28.

Resveratrol
SUCRA 73.3%

−0.33
(−2.49, 1.83)

Curcumin
SUCRA
68.6%

−0.17
(−3.77, 3.43)

0.16
(−2.72, 3.04)

SIN
SUCRA
66.3%

−0.21
(−3.83, 3.40)

0.12
(−2.78, 3.01)

−0.04
(−2.84,
2.76)

TwRE
SUCRA
65.4%

−0.67
(−3.69, 2.35)

−0.34
(−2.44, 1.76)

−0.50
(−2.47,
1.47)

−0.46
(−2.45,
1.53)

Usual
treatment
SUCRA
53.5%

−0.78
(−3.63, 2.07)

−0.45
(−2.76, 1.86)

−0.61
(−4.30,
3.08)

−0.57
(−4.27,
3.14)

−0.11
(−3.23, 3.02)

Sesamin
SUCRA
52.7%

−0.86
(−3.64, 1.92)

−0.53
(−2.76, 1.70)

−0.69
(−4.33,
2.95)

−0.65
(−4.30,
3.00)

−0.19
(−3.25, 2.88)

−0.08
(−2.98,
2.82)

Pomegranate
extract
SUCRA 50%

−1.20
(−4.01, 1.61)

−0.87
(−3.12, 1.38)

−1.03
(−4.68,
2.63)

−0.99
(−4.66,
2.68)

−0.53
(−3.61, 2.55)

−0.42
(−3.34,
2.50)

−0.34
(−3.19, 2.51)

Quercetin
SUCRA
41.5%

−1.52
(−3.89, 0.84)

−1.19
(−2.86, 0.48)

−1.35
(−4.68,
1.98)

−1.31
(−4.65,
2.04)

−0.85
(−3.54, 1.84)

−0.74
(−3.24,
1.76)

−0.66
(−3.08, 1.76)

−0.32
(−2.77, 2.13)

TGP
SUCRA
30.7%

−1.94
(−5.05, 1.17)

−1.61
(−4.24, 1.02)

−1.77
(−5.66,
2.13)

−1.73
(−5.64,
2.18)

−1.27
(−4.63, 2.10)

−1.16
(−4.38,
2.06)

−1.08
(−4.24, 2.08)

−0.74
(−3.92, 2.44)

−0.42
(−3.22,
2.38)

Puerarin
SUCRA
24.2%

−1.66
(−3.59, 0.27)

−1.33
(−2.30,-0.36)

−1.49
(−4.52,
1.55)

−1.45
(−4.50,
1.61)

−0.99
(−3.30, 1.33)

−0.88
(−2.98,
1.22)

−0.80
(−2.80, 1.20)

−0.46
(−2.49, 1.57)

−0.14
(−1.50,
1.22)

0.28
(−2.16,
2.72)

Placebo
SUCRA
23.8%

Abbreviations: TwRE, Tripterygium wilfordii root extract; SIN, sinomenine; TGP, total glucosides of paeony.
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Regarding VAS levels, our study found that quercetin exhibited
superior efficacy. The VAS is employed to assess pain intensity in
patients with RA (Dequeker and Wuestenraed, 1986). Historically,
pain in RA has been associated with inflammatory processes in the

joints. However, accumulating data suggests that neurochemical
changes within the sensory nervous system and altered central pain
processing are also likely involved (Bas et al., 2016). Quercetin, a
leading phenolic compound and the most common bioflavonoid, is

FIGURE 6
Evidence that plant active substances affect SJC (A), NMA figure of the SJC (B), the SUCRA plot of the SJC. Abbreviations: SIN, sinomenine; TwRE,
Tripterygium wilfordii root extract; TGP, total glucosides of paeony.

TABLE 5 Treatments ranked by SUCRA values and the league table of their relative effectiveness in terms of SJC.

Curcumin
SUCRA 75.6%

−0.02
(−8.77, 8.74)

SIN
SUCRA
68.1%

−0.53
(−8.17, 7.11)

−0.52
(−8.13, 7.10)

TwRE
SUCRA
65.9%

−1.49
(−7.72, 4.74)

−1.48
(−7.69, 4.73)

−0.96
(−5.37, 3.45)

Usual
treatment
SUCRA 56%

−2.19
(−9.57, 5.18)

−2.18
(−13.61, 9.26)

−1.66
(−12.27, 8.95)

−0.70
(−10.35, 8.95)

Sesamin
SUCRA
52.2%

−2.80
(−9.67, 4.06)

−2.79
(−13.90, 8.32)

−2.27
(−12.53, 7.99)

−1.31
(−10.57, 7.95)

−0.61
(−9.68, 8.46)

Resveratrol
SUCRA 46.8%

−3.02
(−10.07, 4.02)

−3.01
(−14.23, 8.22)

−2.49
(−12.87, 7.89)

−1.53
(−10.93, 7.86)

−0.83
(−10.04, 8.38)

−0.22
(−9.03, 8.59)

Pomegranate
extract
SUCRA 44.7%

−4.40
(−11.28, 2.47)

−4.39
(−15.51, 6.73)

−3.87
(−14.14, 6.39)

−2.91
(−12.18, 6.36)

−2.21
(−11.29, 6.87)

−1.60
(−10.27, 7.07)

−1.38
(−10.20, 7.44)

Quercetin
SUCRA
31.9%

−4.40
(−11.27, 2.47)

−4.39
(−15.50, 6.73)

−3.87
(−14.14, 6.39)

−2.91
(−12.18, 6.36)

−2.21
(−11.29, 6.87)

−1.60
(−10.27, 7.07)

−1.38
(−10.19, 7.43)

0.00
(−8.68, 8.68)

TGP
SUCRA
31.8%

−4.41
(−7.50,-1.31)

−4.39
(−13.66, 4.88)

−3.87
(−12.11, 4.36)

−2.91
(−9.86, 4.04)

−2.21
(−8.91, 4.48)

−1.60
(−7.73, 4.52)

−1.38
(−7.71, 4.95)

−0.00
(−6.14, 6.14)

−0.00
(−6.14, 6.13)

Placebo
SUCRA
27.1%

Abbreviations: SIN, sinomenine; TwRE, Tripterygium wilfordii root extract; TGP, total glucosides of paeony.

Frontiers in Pharmacology frontiersin.org10

Peng et al. 10.3389/fphar.2025.1536023

https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2025.1536023


widely present in many fruits and vegetables (Cao et al., 2009).
Quercetin has potent anti-inflammatory effects (Alam et al., 2014;
McAnulty et al., 2013), suppressing the expression of inflammatory
cytokines, notably TNF-α and IL-2 (Boots et al., 2008; Yu et al.,
2008). Quercetin not only alleviates inflammatory pain but also

provides a consistent analgesic effect on neuropathic pain. This
effect may be attributed to its modulation of GABA_A, GABA_B,
and 5-HT receptors, as well as the endogenous release of
glucocorticoids (Filho et al., 2008; Martínez et al., 2009). Our
findings suggest that quercetin may show increased efficacy in

FIGURE 7
Evidence that plant active substances influence TJC (A), NMA figure of the TJC (B), the SUCRA plot for TJC. Abbreviations: TwRE, Tripterygium
wilfordii root extract; SIN, sinomenine; TGP, total glucosides of paeony.

TABLE 6 Treatments ranked by SUCRA values and the league table of their relative effectiveness in terms of TJC.

Curcumin
SUCRA 76.2%

−0.63
(−8.87, 7.60)

TwRE
SUCRA 66%

−0.82
(−8.95, 7.31)

−0.19 (−11.75,
11.38)

Pomegranate
extract
SUCRA 64.4%

−1.55
(−10.85, 7.74)

−0.92
(−8.89, 7.06)

−0.73 (−13.06,
11.60)

SIN
SUCRA
56.8%

−2.42
(−9.60, 4.75)

−1.79
(−12.70, 9.12)

−1.60
(−11.43, 8.23)

−0.87 (−12.59,
10.85)

Resveratrol
SUCRA 52.4%

−2.45
(−10.94, 6.03)

−1.82 (−13.64,
10.00)

−1.63
(−12.46, 9.20)

−0.90 (−13.47,
11.67)

−0.03 (−10.16,
10.10)

Sesamin
SUCRA
51.2%

−2.54
(−9.31, 4.22)

−1.91
(−6.61, 2.79)

−1.72
(−12.29, 8.85)

−0.99
(−7.44, 5.46)

−0.12
(−9.97, 9.73)

−0.09 (−10.93,
10.75)

Usual
treatment
SUCRA
47.6%

−4.52
(−11.69, 2.65)

−3.89
(−14.80, 7.02)

−3.70
(−13.53, 6.13)

−2.97
(−14.69, 8.75)

−2.10
(−11.16, 6.96)

−2.07
(−12.20, 8.06)

−1.98
(−11.83, 7.87)

Quercetin
SUCRA
33.9%

−5.52
(−12.72, 1.68)

−4.89
(−15.82, 6.04)

−4.70
(−14.55, 5.16)

−3.97
(−15.71, 7.77)

−3.10
(−12.18, 5.98)

−3.07
(−13.22, 7.08)

−2.98
(−12.85, 6.89)

−1.00
(−10.08, 8.08)

TGP
SUCRA
26.3%

−5.02
(−8.25,-1.80)

−4.39
(−13.23, 4.45)

−4.20
(−11.66, 3.26)

−3.47
(−13.30, 6.35)

−2.60
(−9.01, 3.80)

−2.57
(−10.42, 5.28)

−2.48
(−9.97, 5.00)

−0.50
(−6.90, 5.90)

0.50
(−5.94, 6.93)

Placebo
SUCRA
25.2%

Abbreviations: TwRE, Tripterygium wilfordii root extract; SIN, sinomenine; TGP, total glucosides of paeony.
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terms of reducing VAS scores. However, there is need for further
research to validate these results.

In our research on inflammatory markers, as well as SJC and
TJC, we found that curcumin was highly effective in improving these
indicators in RA patients. ESR and CRP are systemic inflammatory
markers used to determine the degree of RA activity (Anusha et al.,
2019). SJC and TJC are among the simplest measurable clinical
markers of disease severity and activity in RA (Inderjeeth et al.,
2019). Curcumin, a naturally occurring compound extracted from
the roots of turmeric, is one of the most bioactive constituents within
the polyphenolic curcuminoid group (Benameur et al., 2021). It
exerts antioxidant and anti-inflammatory effects without significant
adverse effects (Hewlings and Kalman, 2017). In vivo, curcumin
downregulated inflammatory cytokine levels (TNF-α and IL-17) and
attenuated joint inflammation in collagen-induced arthritis (CIA)
rats (Wang et al., 2019). In vitro and in preclinical models, curcumin
modulates pain by affecting IL-10 secretion, a cytokine with strong
anti-inflammatory and immunosuppressive effects, produced by
cells from both the innate and adaptive immune systems.
(Mollazadeh et al., 2019). Curcumin attenuated the severity of
arthritis and reduced synovial hyperplasia by modulating the
inc00052/miR-126-5p/PIAS2 pathway through the JAK2/
STAT3 signaling mechanism, thereby providing protective effects
against RA (Xiao et al., 2022). Besides, curcumin alleviates CIA-
induced inflammation and synovial hyperplasia via the mTOR
pathway (Dai et al., 2018). Recent studies have demonstrated that
curcumin exhibits significant efficacy in inhibiting inflammatory
responses and alleviating symptoms such as pain and swelling in
clinical trials (Zeng et al., 2022). These findings corroborate the anti-
arthritic properties of curcumin and underscore its potential as a
therapeutic agent in treating RA. Our research findings indicate that,
among various plant active substances, curcumin demonstrates
superior efficacy in patients with RA. However, future research

requires large-scale clinical trials to evaluate the effects of curcumin
in RA patients.

Our study indicates that resveratrol may be more effective for
RA patients, as evidenced by DAS28 scores. The DAS28 criterion,
developed in 1995, comprises four components: the number of SJC,
the number of TJC, the patient’s global health score, and ESR
(Prevoo et al., 1995). DAS28 is the most widely used method for
evaluating RA activity. Resveratrol, a natural antioxidant found in
various plant species, has significant antioxidant and anti-
inflammatory properties. Resveratrol suppresses oxidative stress
in AA rats and increases mtROS production by reducing the
autophagy proteins Beclin1 and the oxidative stress protein
MnSOD, which promotes apoptosis in FLSs (Zhang et al., 2016).
Resveratrol mitigated inflammation and cartilage degradation in the
experimental IA model by inhibiting NF-κB activation and its
associated gene expression. Furthermore, it suppressed the
expression of COX-2 and iNOS by preventing the aberrant
activation of NF-κB. Additionally, resveratrol broadly inhibited
NF-κB activation induced by IL-1β and TNF-α (Holmes-McNary
and Baldwin, 2000; Martinez and Moreno, 2000; Surh et al., 2001).
However, due to the limited accuracy of DAS28 in evaluating RA,
further high-quality research is necessary to validate our findings.

Overall, our research has clinical significance. Curcumin
exhibited superior efficacy in reducing SJC and TJC compared to
a placebo. It also showed greater effectiveness in reducing
inflammatory markers. Quercetin exhibited greater effectiveness
in reducing VAS. Resveratrol improved DAS28 scores, providing
valuable insights for RA patients considering plant active substances.
However, it is important to acknowledge that our conclusions are
indicative rather than conclusive, and we cannot unreservedly
recommend plant active substances for the treatment of RA. This
highlights the necessity for subsequent studies with larger sample
sizes to confirm and further extend our results.

FIGURE 8
Funnel plot on publication bias. (A) VAS; (B) inflammatory marker; (C) disease activity; (D) SJC; (E) TJC.
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Strengths and limitations

Our study possesses several strengths: it encompasses 18 articles
totaling 1,674 patients for a robust sample size. The study evaluates
10 plant active substances, employs stringent inclusion criteria for
systematic literature retrieval, and adheres to established standards
for systematic review and meta-analysis reporting.

Numerous studies have shown that plant active substances from
herbal can improve RA disease activity, pain, and swelling without
the side effects that routine treatment of RA with NSAIDs, biologics,
and glucocorticoid (Sharma et al., 2021). When patients are faced
with long-term treatments, the high cost of conventional therapies,
and their serious side effects, plant active substances are a good
option as an alternative treatment.

While our research offers valuable insights, it is constrained by several
limitations. The efficacy of plant active substances on clinical outcomes is
influenced by a multitude of variables, including baseline levels, stages of
rheumatoid arthritis, treatment durations, dosages, body mass index
(BMI), and other potential confounders. The inconsistency in reporting
these factors complicates the interpretation of results. Furthermore, the
wide range of dosages used for plant active substances across studies,
combined with the absence of a standardized dosing protocol, may
contribute to variability in outcomes. The impact of prior treatment
regimens, such as DMARDs, also warrants consideration. Additionally,
variations in extraction techniques and inadequate descriptions of these
methodologies may introduce bias.

The conclusion posits that the hypothesis regarding the efficacy of
plant active substances in treating RA is inadequately substantiated by
rigorous clinical evidence, particularly due to the absence of direct
comparative data for certain therapies. Consequently, the study’s
findings should be interpreted with caution, highlighting the
urgent need for more extensive and thorough research in this domain.

Conclusion

The findings of the network meta-analysis (NMA) suggest
potential therapeutic benefits of plant active substances, such as
curcumin, quercetin, and resveratrol, for RA patients. This
conclusion is substantiated by the comprehensive analysis of
various treatment modalities and the subsequent determination
of SUCRA scores. Specifically, curcumin exhibited superior
efficacy in reducing SJC, TJC, and inflammatory markers,
quercetin showed greater effectiveness in reducing VAS, while
resveratrol was more effective in reducing DAS28.
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