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of Dentistry, The University of Hong Kong, Hong Kong, Hong Kong SAR, China, 5Guangzhou University
of Chinese Medicine, Guangzhou, China, 6Joint Shantou International Eye Center of Shantou University
and The Chinese University of Hong Kong, Shantou University Medical College, Shantou, China,
7Hunan University of Chinese Medicine, Changsha, China, 8Department of Rheumatology and Clinical
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Objective: To evaluate safety and efficacy of dietary polyphenols in the treatment

of rheumatoid arthritis (RA).

Methods: CNKI, Pubmed, Cochrane library, Embase were searched to collect

randomized controlled trials (RCTs) of dietary polyphenols in the treatment of RA.

The databases were searched from the time of their establishment to November 8nd,

2022. After 2 reviewers independently screened the literature, extracted data, and

assessed the risk of bias of the included studies, Meta-analysis was performed using

RevMan5.4 software.

Results: A total of 49 records (47 RCTs) were finally included, involving 3852

participants and 15 types of dietary polyphenols (Cinnamon extract, Cranberry

extract, Crocus sativus L. extract, Curcumin, Garlic extract, Ginger extract,

Hesperidin, Olive oil, Pomegranate extract, Puerarin, Quercetin, Resveratrol,

Sesamin, Tea polyphenols, Total glucosides of paeony). Pomegranate extract,

Resveratrol, Garlic extract, Puerarin, Hesperidin, Ginger extract, Cinnamon extract,

Sesamin only involve in 1 RCT. Cranberry extract, Crocus sativus L. extract, Olive oil,

Quercetin, Tea polyphenols involve in 2 RCTs. Total glucosides of paeony and

Curcumin involve in more than 3 RCTs. These RCTs showed that these dietary

polyphenols could improve disease activity score for 28 joints (DAS28),

inflammation levels or oxidative stress levels in RA. The addition of dietary

polyphenols did not increase adverse events.
frontiersin.org01

https://www.frontiersin.org/articles/10.3389/fimmu.2023.1024120/full
https://www.frontiersin.org/articles/10.3389/fimmu.2023.1024120/full
https://www.frontiersin.org/articles/10.3389/fimmu.2023.1024120/full
https://www.frontiersin.org/articles/10.3389/fimmu.2023.1024120/full
https://www.frontiersin.org/articles/10.3389/fimmu.2023.1024120/full
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fimmu.2023.1024120&domain=pdf&date_stamp=2023-03-22
mailto:2212471438@qq.com
mailto:609834551@qq.com
mailto:xiaow3212@126.com
mailto:zhhuang3321@126.com
https://doi.org/10.3389/fimmu.2023.1024120
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/immunology#editorial-board
https://www.frontiersin.org/journals/immunology#editorial-board
https://doi.org/10.3389/fimmu.2023.1024120
https://www.frontiersin.org/journals/immunology


Long et al. 10.3389/fimmu.2023.1024120

Frontiers in Immunology
Conclusion: Dietary polyphenols may improve DAS28, reduce C-reactive protein

(CRP) and erythrocyte sedimentation rate (ESR), and improve oxidative stress, etc.

However, more RCTs are needed to verify or modify the efficacy and safety of dietary

polyphenols.

Systematic review registration: https://www.crd.york.ac.uk/prospero/, identifier

CRD42022315645.
KEYWORDS

dietary polyphenols, rheumatoid arthritis, randomized controlled trial, systematic review,
meta-analysis
1 Introduction

Rheumatoid arthritis (RA) is a chronic, systemic, highly disabling

autoimmune disease with non-infectious, symmetrical, progressive

polyarthritis as the main clinical manifestation. It primarily affects the

joints, but should be considered as a syndrome that includes extra-

articular manifestations, such as rheumatoid nodules, pulmonary

involvement, or vasculitis, as well as systemic comorbidities (1, 2).

It is the most common systemic irritant arthritis and is one of the

world’s major public health challenges, affecting approximately 1% of

the world’s population (3). RA can occur at any age, and its incidence

begins to increase significantly at age 25; at age 55, the incidence of

rheumatoid arthritis peaks (4, 5). The prevalence of RA varies among

different ethnic groups. The incidence of RA is 7 percent among

Native Americans and 0.2 to 0.4 percent in some other countries (6).

For example, the prevalence of RA in China is 0.2% to 4% (7), the

number of patients is as high as 4 million, and the remission rate is

roughly only 8.6% (8). Like most other autoimmune diseases, RA is

more common in women than in men in a ratio of 2-3:1 (9).

Although RA has a high disability rate and high prevalence, its

pathogenesis is not fully understood. At present, the treatment of RA

has entered into a comprehensive management strategy, which aims to

slow down the progression of the disease, reduce the occurrence of pain

and bone destruction, preserve the joint mobility of patients as much as

possible, and avoid disability (10, 11). The main treatments for RA

include conventional synthetic antirheumatic drugs (DMARDs),

glucocorticoids, non-steroidal anti-inflammatory drugs (NSAIDs),

targeted synthetic DMARDs, bio-original DMARDs and biosimilar

DMARDs (12, 13). Although the above drugs can significantly relieve

clinical symptoms, they have a single target, many adverse reactions

(such as allergic reactions and blood diseases), poor long-term efficacy,

and high cost (6). Meanwhile, in the vast developing countries, due to

the huge economic burden, it is currently difficult for most RA patients

to receive standardized and effective treatment, which is accompanied

by serious physical and mental injuries (11). As an important

complementary alternative therapy, dietary supplements are now also

an important adjunct option for RA patients. For example, dietary

polyphenols have the characteristics of multi-target, multi-component,

and multi-mechanism in pharmacology, and have definite clinical

efficacy, as well as the advantages of less toxic side effects and no

drug resistance (14).
02
Polyphenols are a diverse class of plant-derived compounds with

water-soluble chemical properties (15). They are widely found in

herbs, fruits, teas, red berries, coffee, red wine, and dark chocolate

worldwide, and are well-known antioxidants and have been proposed

as treatments for several inflammatory and metabolic disorders (16–

19). Studies have shown that polyphenols can prevent oxidative stress,

inhibit inflammation and modulate immunity and other

pharmacological effects (20), especially inhibiting inflammation and

immunity. These compounds may improve fibroblast-like

synoviocytes (FLS) in rats with adjuvant arthritis (AIA) by inducing

inhibition of several pro-inflammatory immunochemokines and

promoting apoptosis through mitochondrial signaling pathways and

endoplasmic reticulum stress (21). Currently, many randomized

controlled trials (RCTs) of dietary polyphenols in the treatment of

RA have been published. However, the results and treatment

measures of these RCTs are different, which cannot provide a basis

for clinicians to formulate treatment plans for RA. Therefore, a

comprehensive and in-depth summary of these RCTs is urgently

needed to complement the therapeutic modalities for the treatment of

RA. Hence, this study was the first comprehensive systematic review

and meta-analysis of RCTs on the treatment of RA with dietary

polyphenols in order to provide high-quality evidence for clinicians.
2 Materials and methods

2.1 Protocol

This systematic review and meta-analysis were conducted strictly

in accordance with the protocol registered in PROSPERO

(CRD42022315645) and PRISMA-guidelines (see Supplementary

Materials) (22).
2.2 Literature search strategy

The databases were searched from the time of their establishment

to November 8nd, 2022. The databases include China National

Knowledge Infrastructure (CNKI), Web of Science, Sinomed, VIP

Database for Chinese Technical Periodicals, Medline Complete,

ArXiv, Pubmed, Embase, Wanfang Database on Academic
frontiersin.org
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Institutions in China, ClinicalTrials.gov and Cochrane Library were

searched from. The search strategy was shown in Table S1.
2.3 Inclusion and exclusion criteria

2.3.1 Participants
Participants were RA patients. The diagnosis of RA conformed to

the RA diagnostic criteria in the 2010 Rheumatoid Arthritis Diagnosis

and Treatment Guidelines of the Rheumatology Branch of the

Chinese Medical Association or the RA diagnostic criteria proposed

by the American College of Rheumatology/2017 European Federation

of Rheumatology in 1987 or other recognized criteria.

2.3.2 Intervention
The experimental group was treated with dietary polyphenols,

and the route of administration, preparation type, etc. were not

limited; the treatment could be combined with conventional

treatment or control group treatment. Treatment in the control

group was conventional therapy or a placebo or other non-dietary

polyphenol therapy (RCT researchers claimed to limit the

consumption of polyphenol-rich diets in the control group.).

2.3.3 Outcomes
(1) Efficacy indicators: Disease activity score for 28 joints

(DAS28), American College of Rheumatology 20% (ACR20),

American College of Rheumatology 50% (ACR50), American

College of Rheumatology 70% (ACR70). (2) Inflammatory

parameters in serum: C-reactive protein (CRP), erythrocyte

sedimentation rate (ESR), tumor necrosis factor (TNF-a),
interleukin (IL-6), rheumatoid factor (RF). (3) Oxidative stress

markers: malondialdehyde (MDA) and total antioxidant capacity

(TAC). (4) Adverse events.

2.3.4 Study design
The study design included RCTs with no restrictions on

publication time, language, quality and publication status.

2.3.5 Exclusion criteria
(1) non-RCT; (2) review; (3) cohort study; (4) control group also

used dietary polyphenol-enriched therapy
2.4 Literature quality evaluation and
data extraction

Two reviewers independently searched the database according to

the search strategy, and initially excluded studies that did not belong

to the treatment of RA with polyphenols after reading the titles and

abstracts. They then independently screened literature, assessed

quality, and extracted data according to inclusion and exclusion

criteria, and any disagreements were resolved by brainstorming

with other reviewers. The data in the literature were registered and

managed in Excel form, and the extracted data included the name of

the investigator, the year of publication of the literature, the general

characteristics of the included patients and the number of cases,
Frontiers in Immunology 03
intervention measures, outcomes, etc (23). The methodological

quality of the included studies was assessed according to the

Cochrane Collaboration’s Risk of Bias Assessment Tool (24). The

main contents of the evaluation are: (1) the application of random

allocation method; (2) the implementation of random concealment;

(3) the implementation of blinding of research subjects and treatment

plans; (4) the implementation of blinding of outcome measurers; (5)

Integrity of Outcomes; (6) Selective reporting; (7) Other bias.
2.5 Statistical analysis

Meta-analysis was performed using Review Manager 5.4 provided

by the Cochrane Collaboration. Enumeration data were expressed as

risk ratio (RR), measurement data were expressed as weighted mean

difference (WMD) or standard mean difference (SMD), and each

effect size was expressed as 95% confidence interval (CI). The chi-

square test was used to analyze the heterogeneity between the results.

P>0.1 and I²≤50% was considered low heterogeneity; P<0.1 and

I²>50% was considered high heterogeneity (25). Regardless of

heterogeneity, due to the different sources of polyphenols, we use

the random effects model for all outcome. Outcomes with included

RCTs ≥ 4 were selected for subgroup analysis, sensitivity analysis,

publication bias assessment, meta-regression analysis and GRADE

score. Sensitivity analysis, publication bias assessment, meta-

regression were analyzed by STATA 15.0; GRADE score was

assessed by the GRADEprofiler software (26).
3 Results

3.1 Literature search results

A total of 53 relevant studies were obtained in the initial

examination, and after screening, 49 records were finally included

(27–76), and 2 records were excluded for they are not RCTs (77, 78).

The literature screening process and results are shown in (Figure 1).
3.2 Description of included trials

Two records (28, 29) came from the same RCT and were therefore

recorded as Javadi et al., 2017 (28, 29). Two records (32, 33) came

from the same RCT and were therefore recorded as Moosavian et al.,

2020 (32, 33). Some RCTs contain multiple groups and are therefore

split into groups a and b. The included RCTs involved 15 dietary

polyphenols (Cinnamon extract, Cranberry extract, Crocus sativus L.

extract, Curcumin, Garlic extract, Ginger extract, Hesperidin, Olive

oil, Pomegranate extract, Puerarin, Quercetin, Resveratrol, Sesamin,

Tea polyphenols, Total glucosides of paeony) and were from 7

different countries (Iran, Korea, Egypt, China, Japan, Brazil, India).

The details of study characteristics are presented in Table 1.
3.3 Risk of bias assessments

The summary and graph of risk of bias ware shown in Figure 2.
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3.4 Pomegranate extract for RA

Only Ghavipour et al., 2016 from Iran reported the results of

Pomegranate extract in the treatment of RA involving 30 participants

in Pomegranate extract group and 25 in control group (27). The

control group received cellulose capsules as a placebo. They

found that compared with placebo, pomegranate extract reduced

DAS28 scores, improved joint swelling and tenderness, decreased ESR

levels, and increased gluthation peroxidase (GPx) concentrations

(27). This suggests that Pomegranate extract may play a role in the

treatment of RA through anti-inflammatory and anti-oxidation.

However, its lowering effect on MMP3, CRP and MDA has not yet

been found.
3.5 Quercetin for RA

Javadi et al., 2017 (28, 29) from Iran and Bae et al., 2009 (29) from

Korea reported the results of quercetin in the treatment of RA

involving 120 participants. Because the results of the 2 RCTs could

not be combined, only a systematic review was performed. Javadi

et al., 2017 found that DAS-28 decreased and serum TNF-a levels
Frontiers in Immunology 04
were significantly reduced after quercetin intervention compared to

placebo (28, 29). However, Bae et al., 2009 showed no significant

differences in serum proinflammatory cytokines (TNF-a and IL-1b)
and CRP levels after quercetin treatment compared with placebo (30).

This suggests that the effect of quercetin in the treatment of RA needs

more research.
3.6 Resveratrol for RA

Khojah et al., 2018 from Egypt reported the results of resveratrol

in the treatment of RA involving 100 participants (50 in each group)

(31). They found that resveratrol treatment reduced swollen and

tender joint counts, decreased DAS28, and decreased serum CRP,

ESR, hypocarboxylated osteocalcin, matrix metalloproteinase (MMP)

3, TNF-a, and IL-6.
3.7 Garlic extract for RA

Moosavian et al., 2020 from Iran reported the results of garlic

extract in the treatment of RA involving 62 participants (31 in each
FIGURE 1

Flow diagram of clinical research.
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TABLE 1 The characteristics of the included studies.

Baseline CRP (mg/L) Baseline ESR (mm/h) Relevant outcomes Duration

Trial group Control
group

Trial group Control
group

29.0 ± 15.6 30.6 ± 19.6 8.0 ± 4.2 6.6 ± 4.5 DAS28, ESR, CRP,

Oxidative stress

markers

8 weeks

2.89 ±

2.95#

3.28 ±

2.32#

19.00 ± 8.62 21.10 ±

12.38

DAS28, ESR, CRP,

TNF-a, Oxidative
stress markers

8 weeks

0.85

(0.28,4.00)*

1.05

(0.22,6.44)*

– – CRP, TNF-a, IL6 4 weeks

2.7 ± 0.7 2.9 ± 0.8 39.4 ± 11.5 43.8 ± 14.8 DAS28, CRP, ESR,

TNF-a, IL6
12 weeks

13.44 ±

13.76

13.57 ±

14.04

23.63 ±

13.82

20.10 ±

11.74

CRP, ESR, TNF-a,
Oxidative stress

markers

8 weeks

3.64 ± 1.14 3.69 ± 1.18 54.29 ±

11.93

56.48 ±

12.18

DAS28, CRP, ESR 12 weeks

23.21 ±

3.18

23.14 ±

3.27

– – DAS28, CRP, IL-6,

adverse events

12 weeks

25.32 ±

4.22

25.31 ±

4.24

48.21 ± 4.42 48.24 ± 4.43 CRP, ESR, RF, IL-6 12 weeks

13.85 ±

2.73

14.25 ±

2.60

– – DAS28, CRP, RF,

adverse events

24 weeks

– – – – DAS28, CRP 48 weeks

29.8 ± 14.3 31.0 ± 15.4 56.8 ± 27.0 59.3 ± 26.1 ACR, DAS28, CRP,

ESR, IL-6, RF,

adverse events

36 weeks

32.18 ±

6.82

32.57 ±

6.85

67.21 ± 9.27 66.94 ± 9.25 ESR, CRP, RF, IL-6,

TNF-a
4 weeks

– – – – Adverse events 24 weeks

32.14 ±

6.83

31.86 ±

7.42

64.18 ±

12.34

63.92 ±

11.76

ESR, CRP, RF,

adverse events

24 weeks

23.25 ±

18.30

21.95 ±

19.55

66.74 ±

38.03

70.58 ±

33.98

ESR, CRP, RF,

adverse events

12 weeks

46 ± 35 47 ± 33 33 ± 17 33 ± 19 DAS28, ESR, CRP,

RF, Adverse events

12 weeks

39 ± 12 39 ± 10 27 ± 14 29 ± 14 DAS28, ESR, CRP,

Adverse events

12 weeks

(Continued)
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Disease Study Country Sample size Intervention Mean age (years) Baseline DAS28

Trial
group

Control
group

Trial group Control group Trial group Control
group

Trial
group

Control
group

Pomegranate

extract

Ghavipour

et al., 2016

(27)

Iran 30 25 Pomegranate extract (contained 40% ellagic acid)

with no changes to current medication (mainly

Methotrexate, Hydroxychloroquine, Sulfasalazine

and Prednisolone)

Placebo with no changes to current

medication (mainly Methotrexate,

Hydroxychloroquine, Sulfasalazine and

Prednisolone)

48.4 ± 11.4 49.1 ±

12.2

4.9 ±

0.8

4.7 ±

1.1

Quercetin Javadi et al.,

2017 (28,

29)

Iran 20 20 Quercetin 500mg + conventional treatment (mainly

Methotroxate, Hydroxychloroquine, Sulfasalazine,

Cyclosporine, Prednisolone, NSAIDs)

Placebo + conventional treatment

(mainly Methotroxate,

Hydroxychloroquine, Sulfasalazine,

Cyclosporine, Prednisolone, NSAIDs)

46.55 ± 9.94 48.00 ±

8.39

3.22 ±

0.93

3.13 ±

1.1

Bae et al.,

2009 (30)

Korea 20 Quercetin+vitamin C (166mg 133mg/capsule) +

conventional treatment (Mainly hydroxychlorquine,

sulfasalazine, methotexate with folate, bucillamine,

NSAID, low dose steroid)

Placebo + conventional treatment

(Mainly hydroxychlorquine,

sulfasalazine, methotexate with folate,

bucillamine, NSAID, low dose steroid)

52.1 ± 10.3 – –

Resveratrol Khojah

et al., 2018

(31)

Egypt 50 50 Resveratrol 1000mg + conventional treatment Placebo + conventional treatment 46.5 ± 12.3 44.2 ±

16.4

4.62 ±

0.99

4.91 ±

0.92

Garlic extract Moosavian

et al., 2020

(32, 33)

Iran 31 31 Garlic tablets 500mg (equivalent to 2500 mg of fresh

garlic, and containing 2.5 mg allicin) Bid with no

changes to current medication (mainly Prednisolone,

Methotroxate, Sulfasalazine)

Placebo with no changes to current

medication (mainly Prednisolone,

Methotroxate, Sulfasalazine)

51.06 ± 13.8 51.39 ±

10.38

4.61 ±

0.92

4.52 ±

0.78

Total

glucosides of

paeony

Zou et al.,

2021 (34)

China 35 35 Total glucosides of paeony 0.6g Tid+

Hydroxychloroquine Sulfate 0.2g

Hydroxychloroquine Sulfate 0.2g 50.73 ± 7.61 50.12 ±

7.52

5.64 ±

2.09

5.68 ±

2.12

Ding et al.,

2021 (35)

China 42 42 Total glucosides of paeony 0.6g Tid + Tripterygium

glycosides + methotrexate

Tripterygium glycosides + methotrexate 47.45 ± 2.48 47.32 ±

2.56

5.96 ±

1.18

6.08 ±

1.24

Wu et al.,

2021 (36)

China 60 60 Total glucosides of paeony 0.6g Bid + Leflunomide Leflunomide 43.05 ± 6.12 44.02 ±

6.26

– –

Ju et al.,

2019 (37)

China 60 60 Total glucosides of paeony 0.6g Bid + Methotrexate

10mg once a week+Leflunomide 10mg Qd

Methotrexate 10mg once a week

+Leflunomide 10mg Qd

40.12 ± 4.37 39.81 ±

4.42

5.23 ±

0.50

5.31 ±

0.47

Zheng et al.,

2018 (38)

China 42 40 Total glucosides of paeony 0.3g Tid for the first

week and then 0.6 Tid + Methotrexate Tablets +

Hydroxychloroquine

Methotrexate + Hydroxychloroquine 42.92 ± 20.65 45.78 ±

20.44

4.27 ±

1.37

4.32 ±

1.05

Yu et al.,

2018A (39)

China 40 40 Total glucosides of paeony 0.6g Tid + Methotrexate

+ Leflunomide

Methotrexate + Leflunomide 47.18 ± 6.92 47.33 ±

6.67

7.0 ±

2.2

7.1 ±

2.3

Yu et al.,

2018B (40)

China 42 38 Total glucosides of paeony 0.6g Bid + Methotrexate

+ Leflunomide

Methotrexate + Leflunomide 58.61 ± 7.52 58.36 ±

7.54

– –

Chen et al.,

2017 (41)

China 40 40 Total glucosides of paeony 0.3g Bid + Methotrexate Methotrexate 32.8 ± 4.9 32.4 ±

5.3

– –

Han et al.,

2016 (42)

China 42 42 Total glucosides of paeony 0.6g Tid + Leflunomide Leflunomide 65.83 ± 7.21 66.24 ±

7.39

– –

Lu et al.,

2015 (43)

China 50 50 Total glucosides of paeony 0.6g Tid + Leflunomide Leflunomide 25~65 20~64 – –

Zheng and

Xiao 2013

(44)

China 90 90 Total glucosides of paeony 0.6g Tid + Methotrexate Methotrexate 70.13 ± 5.88 68.18 ±

5.98

4.5 ±

2.1

4.7 ±

2.2

Zheng et al.,

2014 (45)

China 34 34 Total glucosides of paeony 0.6g Tid + Methotrexate

+ Leflunomide

Methotrexate + Leflunomide 52 ± 6 51 ± 9 4.83 ±

2.07

4.59 ±

1.88
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TABLE 1 Continued

Baseline CRP (mg/L) Baseline ESR (mm/h) Relevant outcomes Duration

rial group Control
group

Trial group Control
group

– 64.40 ±

40.09

65.41 ±

39.49

ESR, adverse events 12 weeks

9 ± 24 36 ± 25 55 ± 20 59 ± 26 ESR, CRP, ACR,

adverse events

24 weeks

6 ± 23 51 ± 27 47 ± 20 48 ± 18 ESR, CRP, adverse

events

12 weeks

5.93 ±

8.31

46.78 ±

20.01

– – CRP, RF 12 weeks

01.1 ±

32.1

177.9 ±

102

48.65 ±

34.13

49.72 ±

21.45

ESR, CRP, adverse

events

24 weeks

– – – Adverse events 12 weeks

43.9 ±

32

155.1 ±

181

317.82 ±

161.35

309.93 ±

156.50

ESR, CRP, RF 12 weeks

0.31 ±

.64

39.58 ± 7.3 59.51 ±

15.03

60.57 ±

16.34

ESR, CRP, RF,

adverse events

12 weeks

– 47 ± 20 48 ± 19 ESR, adverse events 12 weeks

.27

1.9,7.55)*

3.27

(1.85,6.67)*

47.65 ±

33.45

43.06 ±

30.02

DAS28, ESR, CRP,

RF, adverse events

24 weeks

2.40

5.83,23.40)

13.50

(4.21,25.30)

*

43.00

(30.00,64.00)

*

39.00

(27.00,68.00)

*

DAS28, ESR, CRP,

RF

12 weeks

.59 ± 6.31 7.60 ± 7.15 – – DAS28, CRP,

adverse events

8 weeks

:6.9 ± 0.5v.s.5.29 ± 0.7;b:6.2

0.5v.s.7.1 ± 0.45;c:6.2 ±

.52v.s.9.2 ± 0.7

a:78.5 ± 10.1v.s.68.7 ± 9.09;

b:60.7 ± 11.1v.s.71.5 ± 13.1;

c:65.7 ± 11.1v.s.65.5 ± 11.3

DAS28, ESR, CRP,

ACR

24 weeks

2.03(7.99-

6.07)*

13.61(9.36-

17.86)*

43.95(37.30-

50.53)*

44.10(37.44-

50.76)*

DAS28, ESR, CRP,

IL-6, adverse events

24 weeks

– – – Efficacy indicators,

adverse events

12 weeks

– 25.85 ±

18.55

34.44 ±

19.33

DAS28, ESR 12 weeks

12 weeks

(Continued)
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Disease Study Country Sample size Intervention Mean age (years) Baseline DAS28

Trial
group

Control
group

Trial group Control group Trial group Control
group

Trial
group

Control
group

Li et al.,

2011 (46)

China 60 60 Total glucosides of paeony 0.6g Tid + Tripterygium

glycosides

Methotrexate 47.3 ± 22.7 – – –

Yu and

Zhang 2010

(47)

China 40 40 Total glucosides of paeony 0.6g Tid + Leflunomide Leflunomide 39 ± 11 46 ± 10 – – 3

Shang and

Liu 2009

(48)

China 39 40 Total glucosides of paeony 0.6g Tid + Methotrexate Methotrexate 40 ± 6 39 ± 6 – – 5

Wang and

Liu 2008

(49)

China 40 40 Total glucosides of paeony 0.6g Tid + Vitamin D3 +

Methotrexate + Leflunomide + Sodium Diclofenac

Methotrexate + Leflunomide + Sodium

Diclofenac

46.5 ± 14.13 46.4 ±

11.00

– – 4

1

Fan and Li

2006 (50)

China 34 32 Total glucosides of paeony 0.6g Tid + Methotrexate Methotrexate 60~70 61~70 – – 2

1

Shi and

Yang 2006

(51)

China 35 35 Total glucosides of paeony 0.6g Tid + Methotrexate Methotrexate 42.3 ± 12.8 44.1 ±

11.5

– – –

Zhang et al.,

2005 (52)

China 30 30 Total glucosides of paeony 0.6g Tid + Tripterygium

glycosides

Tripterygium glycosides 51.3 ± 15.8 53.55 ±

13.68

– – 1

2

Zhao and

Liu 2006

(53)

China 40 40 Total glucosides of paeony 0.6g Tid + Leflunomide Leflunomide 31.0 ± 8.9 30.0 ±

9.6

– – 4

8

Du and

Dong 2005

(54)

China 31 30 Total glucosides of paeony 0.6g Tid + Methotrexate Methotrexate 40.0 ± 6.4 38.0 ±

7.8

– – –

Chen et al.,

2013 (55)

China 105 89 Total glucosides of paeony 0.6g Tid + Methotrexate

+ Leflunomide

Methotrexate + Leflunomide 44.6 ± 13.3 5.98 ±

1.14

6.28 ±

1.34

3

(

Xiang et al.,

2015 (56)

China 132 136 Total glucosides of paeony 0.6g Tid + Methotrexate

+ Leflunomide

Methotrexate + Leflunomide 48.65 ± 12.13 5.86 ±

1.16

5.73 ±

1.14

1

(

*

Tea

polyphenols

Mirtaheri

et al., 2021

(57)

Iran 22 22 Stachys schtschegleevii tea + existing RA therapy Existing RA therapy 45.6 ± 9.8 46.9 ±

10.6

3.4 ±

0.5

3.5 ±

0.6

7

Alghadir

et al., 2016

(58)

Egypt 60 60 a: Green tea extracts + infliximab v.s. Infliximab; b: Green tea extracts + exercise v.s. exercise; c:

Green tea extracts v.s. infliximab + exercise

a:48.9 ± 7.1v.s.55.6 ± 12.41;

b:51.6 ± 3.8v.s.52.6 ± 9.4;

c:57.3 ± 11.2v.s.48.9 ± 7.1

a:5.7 ± 0.31v.s.6.6 ±

0.65;b:6.2 ±

0.37v.s.6.7 ± 0.23;

c:5.4 ± 0.43v.s.5.1 ±

0.40

a

±

0

Puerarin Yang et al.,

2018 (59)

China 60 59 Puerarin + existing RA therapy Existing RA therapy 49.78-56.15 50.03-

58.07

4.23

(3.76-

4.69)*

4.41

(3.91-

4.93)*

1

1

Hesperidin Kometani

et al., 2008

(60)

Japan 9 10 Beverages containing alpha-glucosylhesperidin Placebo beverages 26-49 – – –

Crocus

sativus L.

extract

Sahebari

et al., 2021

(61)

Iran 28 27 Crocus sativus L. extract + Standard RA therapy Placebo + Standard RA therapy 48.43 ± 14.69 50.80 ±

9.55

5.48 ±

1.26

5.66 ± 1 –

Iran 33 32 Crocus sativus L. extract Placebo 51.55 ± 8.26 – –
T
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TABLE 1 Continued

line DAS28 Baseline CRP (mg/L) Baseline ESR (mm/h) Relevant outcomes Duration

Control
group

Trial group Control
group

Trial group Control
group

12.00 ±

7.40

12.00 ±

12.84

29.94 ±

17.40

30.20 ±

28.19

DAS28, CRP, ESR,

MDA, TAC

4.51 ±

0.27

– – – – DAS28, other

inflammatory

parameters

100

weeks

– 35.33 ±

10.08

27 ± 12.92 32.88 ±

13.31

25.16 ±

17.44

DAS28,

Inflammatory

parameters

8 weeks

– – – – – Efficacy indicators,

Inflammatory

parameters,

Oxidative stress

markers

6 weeks

3.19-

5.23

1.45-8.60 1.50-9.10 12-40 6-32.45 DAS28, CRP, ESR,

RF

12 weeks

2.55-

4.12

1.7-7.5 2.0-9.5 10.0-27.0 11.5-39.5 DAS28, CRP, ESR,

RF

12 weeks

– – – – – Efficacy indicators 12 weeks

– – – – – Efficacy indicators 24 weeks

– – – – – Efficacy indicators,

adverse events

8 weeks

– – – – – DAS28, ESR, CRP,

RF, adverse events

12 weeks

– 20.40 ±

14.30

20.34 ±

10.66

29.09 ± 8.74 24.32 ± 6.99 ESR, CRP 8 weeks

3.45 ±

0.95

– – – – DAS28, ESR,

adverse events

12 weeks

– a:9.7 ± 1.7;

b:11.4 ±

2.2

9.9 ± 1.6 a:179.12 ±

13.85;

b:189.37 ±

8.01

183.75 ±

11.97

DAS28, ESR, CRP,

RF

12 weeks

6.72 ±

0.87

a:5.34 ±

4.12;b:9.11

± 9.93

3.3 ± 2.4 a:28 ± 23.7;

b:28.75 ±

20.9

27.08 ± 17.1 DAS28, ESR, CRP,

adverse events

8 weeks
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Disease Study Country Sample size Intervention Mean age (years) Bas

Trial
group

Control
group

Trial group Control group Trial group Control
group

Trial
group

Hamidi

et al., 2020

(62)

51.80 ±

9.62

Ginger

extract

Aryaeian

et al., 2019

(63)

Iran 33 30 Ginger supplementation Placebo 48.63 ± 2.38 46.67 ±

1.94

4.73 ±

0.27

Cinnamon

extract

Shishehbor

et al., 2018

(64)

Iran 18 18 Cinnamon extract Placebo 44.66 ± 11.22 49.11 ±

7.45

–

Sesamin Helli et al.,

2019 (65,

66)

Iran 22 22 Sesamin supplementation Placebo 55.49 ± 5.98 –

Cranberry

extract

Thimóteo

et al., 2019

(67)

Brazil 20 18 Cranberry juice maintain usual diet 51-65 40-60 2.68-

4.65

Fatel et al.,

2021 (68)

Brazil 20 21 Cranberry juice maintain usual diet 47-65 43-63 2.22-

3.21

Olive extracts

and oil

Hekmatpou

et al., 2020

(69)

Iran 12 48 Routine drugs + Massaging the phalanges and knees

using topical olive oil

Routine drugs + massaging 40 ± 10.5 –

Berbert

et al., 2005

(70)

Brazil 13 30 Fish oil omega-3 fatty acids + olive oil a: placebo; b: fish oil omega-3 fatty

acids

51 ± 13 a:48 ±

10;b:51

± 13

–

Bitler et al.,

2007 (71)

the U.S. – – Freeze-dried olive vegetation water placebo – – –

Curcumin Amalraj

et al., 2017

(72)

India 24 12 Curcumin 250mg or 500mg placebo 36.7 ± 10.7

(250mg);38.3

± 5.8(500mg)

39.6 ±

8.8

–

Pourhabibi-

Zarandi

et al., 2022

(73)

Iran 22 22 Curcumin 500 mg placebo 50.68 ± 9.93 50.36 ±

9.70

–

Javadi et al.,

2019 (74)

Iran 24 25 Curcumin nanomicelles 40mg Tid Placebo 53.71 ± 2.75 56.28 ±

2.5

3.75 ±

1.01

Jacob et al.,

2018 (75)

India 16 8 a: Curcumin 250mg; b: 500mg placebo 18-65 18-65 –

Chandran

and Goel

2012 (76)

India 30 15 a: Curcumin 500 mg; b: Curcumin 500 mg

+diclofenac sodium 50 mg

Diclofenac sodium 50 mg a:47.8 ± 8.60;

b:47 ± 16.22

48.87 ±

10.78

a:6.40

± 0.73

b:6.44

± 0.51

*The data is shown as M (P25, P75).
e

;
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group) (32). They found that the Garlic extract intervention improved

antioxidant levels (increased TAC, decreased MDA), improved

quality of life, and improved inflammation (decreased CRP and

TNF-a), decreased joint pain and tenderness, and decreased DAS28

compared with the placebo group.
3.8 Total glucosides of paeony for RA

A total of 23 RCTs reported total glucosides of paeony in the

treatment of RA, efficacy indicators, inflammatory parameters and

adverse event outcomes were reported, so a meta-analysis

was performed.

3.8.1 Efficacy indicators
Efficacy indicators include DAS28, ACR20, ACR50 and ACR70.
Fron
1. A total of 9 RCTs reported DAS28. Heterogeneity analysis

suggested high heterogeneity among RCTs (I2 = 95%,

P<0.00001), and a random-effects model was used. The

results showed that compared with the control group, the

DAS28 of the total glucosides of paeony was lower [WMD=-

0.92 95%CI (-1.52, -0.31), P=0.003] (Figure 3A).

2. Only 2 RCTs reported ACR20. Heterogeneity analysis

suggested low heterogeneity among RCTs (I2 = 0%,

P=0.53), and a random-effects model was used. The results

showed that compared with the control group, the ACR20 of

the total glucosides of paeony was lower [RR=1.24 95%CI

(1.04, 1.48), P=0.02] (Figure 3B).
tiers in Immunology 08
3. Only 2 RCTs reported ACR50. Heterogeneity analysis suggested

high heterogeneity among RCTs (I2 = 69%, P=0.07), and a

random-effects model was used. The results showed that the

ACR50 between two groups was of no statistical significance

[RR=1.15 95%CI(0.58, 2.27), P=0.69] (Figure 3C).

4. Only 2 RCTs reported ACR70. Heterogeneity analysis

suggested low heterogeneity among RCTs (I2 = 0%,

P=0.53), and a random-effects model was used. The results

showed that compared with the control group, the ACR70 of

the total glucosides of paeony was lower [RR=1.61 95%CI

(1.09, 2.37), P=0.02] (Figure 3D).
3.8.2 Inflammatory parameters
Inflammatory parameters include CRP, ESR, RF, IL-6 and

TNF-a.
1. A total of 17 RCTs reported CRP. Heterogeneity analysis

suggested high heterogeneity among RCTs (I2 = 94%,

P<0.00001), and a random-effects model was used. The

results showed that compared with the control group, the

CRP of the total glucosides of paeony was lower [SMD=-1.32

95%CI (-1.81, -0.83), P<0.00001] (Figure 4A).

2. A total of 16 RCTs reported ESR. Heterogeneity analysis

suggested high heterogeneity among RCTs (I2 = 84%,

P<0.00001), and a random-effects model was used. The

results showed that compared with the control group, the

ESR of the total glucosides of paeony was lower [WMD=-6.44

95%CI (-9.24, -3.63), P<0.00001] (Figure 4B).
A

B

FIGURE 2

(A) risk of bias graph; (B) risk of bias summary.
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Fron
3. A total of 10 RCTs reported RF. Heterogeneity analysis

suggested high heterogeneity among RCTs (I2 = 98%,

P<0.00001), and a random-effects model was used. The

results showed that compared with the control group, the

RF of the total glucosides of paeony was lower [SMD=-2.01

95%CI (-3.01, -1.01), P<0.0001] (Figure 4C).

4. Only 3 RCTs reported IL-6. Heterogeneity analysis

suggested low heterogeneity among RCTs (I2 = 99%,
tiers in Immunology 09
P<0.00001), and a random-effects model was used. The

results showed that compared with the control group,

the IL-6 of the total glucosides of paeony was lower

[WMD= - 1 0 . 6 4 9 5%C I ( 1 . 0 8 , 2 . 3 6 ) , P = 0 . 0 2 ]

(Figure 4D).

5. Only Yu et al., 2018B reported TNF-a. They found that the

TNF-a in total glucosides of paeony group was lower than

that in control group (P<0.05).
A

B

D

C

FIGURE 3

Efficacy indicators of Total glucosides of paeony (A) DAS28; (B) ACR20; (C) ACR50; (D) ACR70.
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3.8.3 Adverse events
A total of 15 RCTs reported adverse events. Heterogeneity analysis

suggested low heterogeneity among RCTs (I2 = 0%, P=0.98), and a

random-effects model was used. The results showed that compared with

the control group, the adverse events of the total glucosides of paeony

were lower [SMD=0.55 95%CI (0.44, 0.69), P<0.00001] (Figure 5).
Frontiers in Immunology 10
3.9 Tea polyphenols for RA

Only 2 RCTs reported tea polyphenols in the treatment

of RA, efficacy indicators, inflammatory parameters and

adverse event outcomes were reported, so a meta-analysis

was performed.
A

B

D

C

FIGURE 4

Inflammatory parameters of Total glucosides of paeony (A) CRP; (B) ESR; (C) RF; (D) IL-6.
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3.9.1 Efficacy indicators
Efficacy indicators include DAS28, ACR20, ACR50 and ACR70.
Fron
1. Both 2 RCTs reported DAS28. Heterogeneity analysis

suggested low heterogeneity among RCTs (I2 = 98%,

P<0.00001), and a random-effects model was used. The

results showed that compared with the control group, the

DAS28 of the tea polyphenols were lower [WMD=-1.76 95%

CI (-2.71, -0.81), P=0.0003] (Figure 6).

2. Only Alghadir et al., 2016 reported ACR20, ACR50 and

ACR70 and they found that after the addition of tea

polyphenols, the ACR20, ACR50 and ACR70 was higher than

control group (58).
tiers in Immunology 11
3.9.2 Inflammatory parameters
Inflammatory parameters include CRP and ESR.
1. Both 2 RCTs reported CRP. Heterogeneity analysis suggested

high heterogeneity among RCTs (I2 = 96%, P<0.00001), and

a random-effects model was used. The results showed that

compared with the control group, the CRP of the tea

polyphenols was lower [WMD=-1.83 95%CI (-3.08, -0.59),

P=0.004] (Figure 7).

2. Only Alghadir et al., 2016 reported ESR and they found that

after the addition of tea polyphenols, the ESR was higher than

control group.
FIGURE 5

Adverse events in Total glucosides of paeony.
FIGURE 6

DAS28 in Tea polyphenols.
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3.9.3 Adverse events
Mirtaheri et al., 2021 showed that no adverse effects of treatment

were recorded in the tea polyphenol group and the control group (57).

Alghadir et al., 2016 did not report any adverse reactions, possibly

because they were not monitored (58).
3.10 Puerarin for RA

Yang et al., 2018 from China reported Puerarin in the treatment

of RA, involving 60 participants in experiments group and 59

participants in control group (59). They found that DAS28, ESR,

CRP, IL-6 was lower after Puerarin intervention. They also found no

significant difference in adverse event rates between the two groups.
3.11 Hesperidin for RA

Kometani et al., 2008 from Japan reported Hesperidin in the

treatment of RA, involving 9 participants in experiments group and

10 participants in control group (60). They found that RA symptoms

improved (3 out of 9 patients) after the patients drank the Hesperidin-
Frontiers in Immunology 12
containing beverage, compared with only 1 improvement in 10

patients in the control group.
3.12 Crocus sativus L. extract for RA

Only 2 RCTs reported Crocus sativus L. extract in the treatment

of RA, efficacy indicators, inflammatory parameters, oxidative stress

markers and adverse event outcomes were reported, so a meta-

analysis was performed.

3.12.1 Efficacy indicators
Both 2 RCTs reported DAS28. Heterogeneity analysis suggested

high heterogeneity among RCTs (I2 = 78%, P=0.03), and a random-

effects model was used. The results showed that the difference of

DAS29 between two groups was of no statistical significance

[WMD=–0.48 95%CI (-1.31, 0.35), P=0.26] (Figure 8).

3.12.2 Inflammatory parameters
Inflammatory parameters include CRP and ESR.
1. Only Hamidi et al., 2020 reported CRP. They found that the

CRP decreased after Crocus sativus L. extract intervention.
FIGURE 7

CRP in Tea polyphenols.
FIGURE 8

DAS28 in Crocus sativus L.
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Fron
2. Both 2 RCTs reported ESR. Heterogeneity analysis suggested

high heterogeneity among RCTs (I2 = 62%, P=0.10), and a

random-effects model was used. The results showed that the

difference of ESR between two groups was of no statistical

significance [WMD=-4.01 95%CI (-11. 80, 3.78), P=0.31]

(Figure 9).
3.12.3 Oxidative stress markers
Only Hamidi et al., 2020 reported MDA and TAC. They found that

both MDA and TAC increased after the intervention, but there was no

significant difference compared with the control group (P>0.05) (62).

3.12.4 Adverse events
Adverse events were not reported in either RCTs, probably

because they did not monitor for adverse events.
3.13 Ginger extract for RA

Only Aryaeian et al., 2019 reported Ginger extract in the

treatment of RA. They found that DAS29 was reduced after the

ginger intervention compared to the control group. Regarding

inflammatory parameters, they found that peroxidase-activated

proliferative receptor (PPAR)-g gene expression was significantly

increased in the ginger group and the control group, but there was

no significant difference between the two groups (63).
3.14 Cinnamon extract for RA

Only Shishehbor et al., 2018 reported Cinnamon extract in the

treatment of RA. They found that DAS28 decreased, the number of

tender and swollen joints decreased, and serum CRP and TNF-a
levels were significantly reduced after the cinnamon extract

intervention (64). However, no difference in ESR between the two

groups was observed.
tiers in Immunology 13
3.15 Sesamin for RA

Only Helli et al., 2019 reported Sesamin in the treatment of

RA. They found that compared with the placebo group, after

sesamin intervention, the joint pain was relieved, the number of

tender joints was reduced, and the serum hs-CRP, TNF-a and

cyclooxysynthase (COX)-2 levels were significantly reduced

(65, 66).
3.16 Cranberry extract for RA

Only 2 RCTs reported Cranberry extract in the treatment

of RA. Thimóteo et al., 2019 found that after 12 weeks of

cranberry extract treatment, DAS28 was decreased, but inflammatory

parameters (such as CRP, ESR, RF) were not significantly different

compared with the control group (67). Fatel et al., 2021 found that

ESR, CRP and DAS28 were both decreased after fish oil + cranberry

extract treatment compared with the control group and the treatment

group with fish oil alone (68).
3.17 Olive extracts and oil for RA

Only 2 RCTs reported olive oil and 1 RCTs reported olive

extracts in the treatment of RA. Hekmatpou et al., 2020 found

that after adding olive oil massage, DAS28 decreased, joint

pain was relieved, and the number of painful joints and the number

of swollen joints decreased (69). Berbert et al., 2005 also found

relief of joint pain and decreased duration of morning stiffness,

episodes of fatigue, and Ritchie joint index in patients treated with

olive oil (70).

Bitler et al., 2007 showed that after treatment with frozen-dried

olive vegetation water, RA patients had reduced pain and

improved activities of daily living, significantly decreased

homocysteine, and was well tolerated by frozen-dried olive

vegetation water (71).
FIGURE 9

ESR in Crocus sativus L.
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3.18 Curcumin for RA

A total of 5 RCTs reported curcumin in the treatment of RA,

efficacy indicators, inflammatory parameters and adverse event

outcomes were reported, so a meta-analysis was performed.
3.18.1 Efficacy indicators
Four (4) RCTs reported DAS28. Heterogeneity analysis suggested

high heterogeneity among RCTs (I2 = 85%, P<0.00001), and a

random-effects model was used. The results showed that compared

with the control group, the DAS29 in curcumin was lower [WMD=-

1.10 95%CI (-1.67, -0.53), P=0.0002] (Figure 10).
3.18.2 Inflammatory parameters
Inflammatory parameters include CRP, ESR and RF.
Fron
1. Three (3) RCTs reported CRP. Heterogeneity analysis

suggested high heterogeneity among RCTs (I2 = 93%,

P<0.00001), and a random-effects model was used. The

results showed that compared with the control group, the

CRP in curcumin was lower [WMD=-0.35 95%CI (-0.55,

-0.15), P=0.0005] (Figure 11A).

2. Five (5) RCTs reported ESR. Heterogeneity analysis

suggested high heterogeneity among RCTs (I2 = 99%,

P<0.00001), and a random-effects model was used. The

results showed that compared with the control group, the

ESR in curcumin was lower [WMD=-54.67 95%CI (-88.32,

-21.02), P=0.001] (Figure 11B).

3. Two (2) RCTs reported RF. Heterogeneity analysis suggested

high heterogeneity among RCTs (I2 = 0%, P=0.97), and a

random-effects model was used. The results showed that

compared with the control group, the RF in curcumin was

lower [WMD=-51.30 95%CI (-60.59, -42.01), P<0.00001]

(Figure 11C).
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3.18.3 Adverse events
Three (3) RCTs reported adverse events. Heterogeneity analysis

suggested high heterogeneity among RCTs (I2 = 0%, P=0.76), and a

random-effects model was used. The results showed that the addition

of curcumin may not increase the incidence of adverse events

[RR=0.31 95%CI (0.06, 1.67), P=0.17] (Figure 12).
3.19 Further analysis for outcomes

3.19.1 Subgroup analysis
The number of RCTs for total glucosides of paeony and curcumin

exceeded 4, so a subgroup analysis was performed according to the

duration and dosage (Tables 2, 3).
1. Total glucosides of paeony: The difference from the results

above is that although the summary results of DAS28 were

statistically significant, subgroup analysis showed no

statistical difference in DAS28 at each time point. The ESR

results also showed lower ESR when receiving ≤12 weeks of

treatment, while the effect of receiving 24 weeks of treatment

was similar to that of the control group (Because there is only

one RCT result at 36 weeks, it is not clear that the treatment

effect of 36 weeks is better than that of the control group). In

addition, for RF, patients receiving total glucosides of paeony

twice a day had lower RF than controls, while patients

receiving total glucosides of paeony three times a day had

similar RF to controls.

2. Curcumin: The difference from the results above is that after

subgroup analysis of doses, there was no statistically

significant difference in ESR between the experimental and

control groups regardless of doses ≤ 250 mg or 500 mg. And

after subgroup analysis of time. At 8 weeks of curcumin

treatment, the ESR and CRP of the experimental group were

not statistically different from those of the control group, and

the statistical difference only appeared at 12 weeks.
FIGURE 10

DAS28 in curcumin.
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3.19.2 Sensitivity analysis
The sensitivity analysis was performed for total glucosides of

paeony and curcumin (Figure 13). The sensitivity analysis showed

that no matter which RCTs were removed, it had little effect on the

overall results, suggesting that the results were stable.

3.19.3 Publication bias analysis
The publication bias was performed for total glucosides of

paeony and curcumin (Figure 14). (1) adverse events of total

glucosides of paeony: it may not have publication bias
Frontiers in Immunology 15
(P=0.802); (2) CRP of total glucosides of paeony: it may have

publication bias (P=0.091); (3) DAS28 of total glucosides of

paeony: it may not have publication bias (P=0.759); (4) ESR of

total glucosides of paeony: it may not have publication bias

(P=0.130); (5) RF of total glucosides of paeony: it may have

publication bias (P=0.012); (6) CRP of curcumin: it may have

publication bias (P=0.007); (7) DAS28 of curcumin: it may not

have publication bias (P=0.441); (8) ESR of curcumin: it may have

publication bias (P=0.059); (9)RF of curcumin: it may have

publication bias (P=0.060) (Figure 14).
A

B

C

FIGURE 11

Inflammatory parameters of curcumin (A) CRP; (B) ESR; (C) RF.
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FIGURE 12

Adverse events.
TABLE 2 Subgroup analysis results of Total glucosides of paeony.

Outcomes Subgroup Overall effect Heterogeneity
test

Statistical
method

Studies
(N)

Sample
size (N)

Figure

Effect 95%CI P I2 (%) P(Q)

DAS28 12 weeks WMD=-0.80 [-1.68, 0.07] 0.07 93.09 <0.001 Random 5 670 Figure S1

24 weeks WMD=-1.06 [-2.51, 0.39] 0.15 98.00 <0.001 Random 2 314

≥36 weeks WMD=-1.03 [-2.73, 0.66] 0.23 96.61 <0.001 Random 2 162

ESR ≤12 weeks WMD=-6.53 [-9.92, -3.13] <0.001 87.17 <0.001 Random 11 1018 Figure S2

24 weeks WMD=-5.57 [-14.50, 3.37] 0.22 81.66 <0.001 Random 4 424

36 weeks WMD=-5.80 [-9.59, -2.01] <0.001 – – Random 1 80

CRP ≤12 weeks SMD=-1.44 [-2.14, -0.73] <0.001 95.90 <0.001 Random 11 1001 Figure S3

24 weeks SMD=-1.23 [-2.13, -0.33] <0.001 92.98 <0.001 Random 4 350

≥36 weeks SMD=-1.00 [-1.33, -0.67] 0.00 0.00 0.42 Random 2 162

RF ≤12 weeks SMD=-1.20 [-1.89, -0.50] <0.001 94.23 <0.001 Random 7 700 Figure S4

≥ 24 weeks SMD=-5.26 [-9.62, -0.89] 0.02 99.26 <0.001 Random 3 284

Adverse
events

≤12 weeks RR=0.56 [0.42, 0.77] <0.001 0.00 0.86 Random 9 852 Figure S5

≥24 weeks RR=0.53 [0.37, 0.76] <0.001 0.00 0.95 Random 6 510

DAS28 Twice a day WMD=-1.8 [-2.08, -1.52] 0.00 – – Random 1 120 Figure S6

Three times a day WMD=-0.80 [-1.38, -0.21] <0.001 92.85 <0.001 Random 8 1026

ESR Twice a day WMD=-13.54 [-19.32, -7.77] <0.001 86.33 0.00684 Random 2 200 Figure S7

Three times a day WMD=-5.13 [-7.67, -2.58] <0.001 67.79 0.000121 Random 14 1322

CRP Twice a day SMD=-3.67 [-5.56, -1.77] <0.001 96.50 <0.001 Random 3 320 Figure S8

Three times a day SMD=-0.87 [-1.23, -0.50] <0.001 88.58 <0.001 Random 14 1193

RF Twice a day SMD=-7.15 [-11.07, -3.23] <0.001 98.79 <0.001 Random 3 320 Figure S9

Three times a day SMD=-0.40 [-0.94, 0.15] 0.15 91.30 <0.001 Random 7 664

Adverse
events

Twice a day RR=0.48 [0.28, 0.81] <0.001 0.00 0.80 Random 3 280 Figure S10

Three times a day RR=0.57 [0.44, 0.74] <0.001 0.00 0.96 Random 12 1082
F
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3.19.4 Meta-regression results
The results of meta-regression showed that the duration of

intervention was not the source of heterogeneity in DAS28

(P=0.065), ESR (P=0.890), CRP (P=0.324), RF (P=0.271) and

adverse events (P=0.859) of total glucosides of paeony. The

duration of intervention was also not the source of heterogeneity in

DAS28 (P=0.228) of curcumin. However, the duration of intervention

may be the source of heterogeneity in ESR (P<0.0001) and CRP

(P=0.005) of curcumin (Figure 15).

Meanwhile, the dose was not the source of heterogeneity in

DAS28 (P=0.283) and adverse events (P=0.646) of total glucosides

of paeony. However, the dose may be the source of heterogeneity in

ESR (P=0.021), CRP (P=0.001) and RF (P=0.047) of total glucosides

of paeony. In addition, the dose was not the source of heterogeneity in

DAS28 (P=0.638) , ESR (P=0.553) , CRP (P=0.704) , RF

(P=0.885) (Figure 16).

3.19.5 Evidence quality assessment
The evidence quality of total glucosides of paeony and curcumin

was assessed by GRADE pro CDT (Tables 4, 5). The recommended

rating for all results is low to very low.
4 Discussion

4.1 Pomegranate extract for RA

Punica granatum L. is rich in vitamins, minerals, organic acids,

proteins (79), and also rich in phenolic and flavonoid active

ingredients. Pomegranate peel polyphenols mainly include gallic

tannin, ellagitannin, ellagic acid, chlorogenic acid, gallic acid,

catechin, epicatechin, anthocyanin, ferulic acid and quercetin (80,
Frontiers in Immunology 17
81). Studies have shown that pomegranate has been consumed as a

medicinal plant for thousands of years and has various properties

such as anti-inflammatory, antioxidant, anti-cancer, anti-diabetic,

anti-hyperlipidemic, anti-hypertensive and cardiovascular

protection (82, 83). In addition, animal (84) and human (85, 86)

studies did not report any serious adverse outcomes following

pomegranate consumption. Animal studies have shown that

ethanolic extract of pomegranate peel can significantly increase paw

withdrawal latency and reduce adverse histological changes and

arthritis scores (87), and reduce serum RF, MDA, IL-1b and TNFa.
Karwasra et al. reported that Pomegranate extract can significantly

inhibit hind paw swelling and bone destruction, and reduce

complications such as erythema, improve joint inflammation,

synovial hyperplasia, inflammatory cell infiltration, periarticular

bone resorption, bone erosion and joint space narrowing (88).

In vitro studies indicated that pomegranate seed oil and

fermented pomegranate juice extract can inhibit COX and

lipoxygenase involved in triggering the inflammatory cascade (89).

The main fatty acid punicic acid in pomegranate seed oil inhibits

prostaglandin biosynthesis (90) and inhibits neutrophil activation and

lipid peroxidation outcomes (91). In addition to the inhibitory effect

of pomegranate on eicosanoid production, pomegranate also exerts its

anti-inflammatory effect by inhibiting the p38-MAPK pathway and

the transcription factor NF-kB (89–91). Extracts of phenolic

compounds present in pomegranate peel are potential scavengers of

diphenylpicrylhydrazine (DPPH) free radicals. This may be because

the phenolic substances in the peel extract have strong proton-

donating ability and can agglomerate with hydroxyl groups to

stabilize free radicals (92, 93). Morvaridzadeh et al. demonstrated

that pomegranate juice caused a non-significant increase in TAC and

paraoxonase and a non-significant decrease in MDA concentration in

humans (94).
TABLE 3 Subgroup analysis results of curcumin.

Outcomes Subgroup Overall effect Heterogeneity
test

Statistical
method

Studies
(N)

Sample
size (N)

Figure

Effect 95%CI P I2 (%) P(Q)

DAS28 ≤250mg MD=-0.93 [-1.83, -0.02] 0.045 89.86 <0.001 Random 3 79 Figure S11

500mg MD=-1.30 [-1.99, -0.61] <0.001 71.11 0.02 Random 4 68

ESR ≤250mg MD=-71.94 [-153.31, 9.42] 0.083 99.13 <0.001 Random 3 79 Figure S12

500mg MD=-44.53 [-89.09, 0.02] 0.050 98.46 <0.001 Random 5 112

CRP 250mg MD=-0.40 [-0.49, -0.30] <0.001 0.00 0.92 Random 2 30 Figure S13

500mg MD=-0.32 [-0.63, -0.02] 0.037 95.76 <0.001 Random 3 74

RF 250mg MD=-50.52 [-63.67, -37.37] <0.001 0.00 0.78 Random 2 30 Figure S14

500mg MD=-52.08 [-65.21, -38.95] <0.001 0.00 0.69 Random 2 30

DAS28 8 weeks MD=-0.33 [-1.18, 0.53] 0.46 0.00 0.97 Random 2 38 Figure S15a

12 weeks MD=-1.29 [-1.93, -0.65] <0.001 88.40 <0.001 Random 5 109

ESR 8 weeks MD=-4.51 [-9.38, 0.36] 0.069 19.28 0.29 Random 4 131 Figure S15b

12 weeks MD=-107.27 [-115.32, -99.22] <0.001 0.00 0.97 Random 4 60

CRP 8 weeks MD=-0.06 [-0.13, 0.01] 0.084 – – Random 1 44 Figure S15c

12 weeks MD=-0.43 [-0.50, -0.36] <0.001 0.00 0.72 Random 4 60
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The limitation of this systematic review is that it contains only 1

RCT, and they found that compared with placebo, pomegranate

extract reduced DAS28 scores, improved joint swelling and

tenderness, decreased ESR levels, and increased GPx concentrations.
4.2 Quercetin for RA

Quercetin is a flavonoid commonly found in fruits and vegetables

such as onions, apples, beans and various berries (95). It has anti-

inflammatory, anti-angiogenic, anti-cancer, hepatoprotective,

cardiovascular, anti-aging, and neuroprotective potentials (96–103).

In a large number of preclinical or clinical studies, quercetin has also

been shown to have a certain effect on RA (30, 104). Preclinical

studies have found that quercetin can regulate Th17/Treg cell balance,

reduce Th17 cell-related cytokines (IL-17A, IL-21 and IL-23), and

increase Treg cell-related cytokines (IL-10 and TGF-b), and reduce

the level of autoantibodies (105–109). Quercetin also reduces pro-

inflammatory cytokines [TNF-a, IL-1b, IL-6, IL-8, prostaglandin
(PG) E2, COX-2, inducible nitric oxide synthase (iNOS) and
Frontiers in Immunology 18
prepro-ET-1] by modulating MAPKs (ERK, p38, JNK), NF-kB and

Nrf2/HO-1 signaling pathways, and the lncRNA XIST/miR-485/

PSMB8 axis (110–116). In terms of bone protection, quercetin can

modulate mTOR, ERK, IkB-a and AMPK signaling pathways and

inhibit the expression of receptor activator of NF-kB ligand (RANKL)

in FLS (30–32). It can also inhibit the activation of MAPKs (ERK, p38,

JNK) and NF-kB signaling pathway to inhibit the expression of

MMP-1 and MMP-3 in FLS (117–119).

Only two RCTs reported quercetin in the treatment of RA. Javadi

et al., 2017 found that DAS-28 decreased and serum TNF-a levels

were significantly reduced after quercetin intervention compared to

placebo (28, 29). However, Bae et al., 2009 showed a negative result

(30). Because meta-analyses could not be combined, the results need

to be interpreted with caution.
4.3 Resveratrol for RA

Resveratrol is a natural polyphenolic antioxidant that is

abundantly present in a variety of plants, especially red grape skins,
FIGURE 13

Sensitivity Analysis results (A) adverse events of total glucosides of paeony; (B) CRP of total glucosides of paeony; (C) DAS28 of total glucosides of
paeony; (D) ESR of total glucosides of paeony; (E) RF of total glucosides of paeony; (F) CRP of curcumin; (G) DAS28 of curcumin; (H) ESR of curcumin;
(I) RF of curcumin.
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and has pharmacological properties, including antioxidants, reactive

oxygen species with scavenging, anticancer, and anti-inflammatory

effects (120–123). Previous studies have shown that resveratrol has

beneficial effects on the occurrence and development of RA (124–

126). Resveratrol acts directly on mitochondrial production of ROS.

Its ROS scavenging potential may be driven by the dissociative

junction of leaked electrons from the respiratory chain (127–129).

Several studies have reported that resveratrol can reduce the activity

of COX-1, COX-2, and reduce the expression of potent inflammatory

parameters such as prostaglandins and leukotrienes (130, 131). In

addition, resveratrol reduced TNF-a and IL-1b levels in rats with

adjuvant arthritis (132). Cheon et al. demonstrated that resveratrol

supplementation significantly reduced inflammation, pannus

formation, and cartilage damage in mice with collagen-induced

arthritis, and reduced bone destruction (133).

In this systematic review, only 1 RCT reported resveratrol in the

treatment of RA. Khojah et al., 2018 found that resveratrol treatment

reduced swollen and tender joint counts, decreased DAS28, and

decreased serum CRP, ESR, hypocarboxylated osteocalcin, MMP3,

TNF-a, and IL-6. More RCTs are needed for further research in the

future (31).
Frontiers in Immunology 19
4.4 Garlic extract for RA

Garlic is a functional food that has been used worldwide for

thousands of years. It is rich in bioactive compounds including

allicin, ajoene, s-allyl cysteine, s-methyl cysteine, diallyl disulfide

(DADS), diallyl sulfide (DAS), alliin, amino acids, polysaccharides

and different polyphenols (134–136). The main phenolic compounds

are b-resorcinol, gallic acid, pyrogallol, quercetin, rutin and

protocatechuic acid (137). Garlic improves immune system

function by stimulating certain cell types, such as macrophages

and lymphocytes, and reduces cytokine secretion (138). The anti-

inflammatory effects of allicin and DAS have been demonstrated in

several studies (139, 140). Garlic-derived compounds can

reduce serum TNF-a , IL-6 and CRP levels by inhibiting

cell signaling pathways, including COX-2 and inhibit NF-kB
activation (141, 142). In addition, scientific studies have reported

the analgesic and anti-fatigue effects of garlic (143–145).

The antioxidant properties of garlic may help reduce pain in

patients with rheumatoid arthritis (146). For example, garlic

supplements can relieve pain in patients with knee osteoarthritis

(OA) (147–150). Hussain and Salalah (149) showed that 900 mg of
FIGURE 14

Publication bias results (A) adverse events of total glucosides of paeony; (B) CRP of total glucosides of paeony; (C) DAS28 of total glucosides of paeony; (D)
ESR of total glucosides of paeony; (E) RF of total glucosides of paeony; (F) CRP of curcumin; (G) DAS28 of curcumin; (H) ESR of curcumin; (I) RF of curcumin.
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garlic (capsules) per day for 8 weeks significantly reduced TNF-a
concentrations in patients with knee OA (17). Treatment with garlic

(400 mg/kg) reduced writhing caused by PG, a dose that showed

similar effects to aspirin, one of the most commonly used analgesics

(33, 151, 152).

Only one RCT reported Garlic extract in the treatment of RA.

Moosavian et al., 2020 found that Garlic extract intervention

improved antioxidant levels (increased TAC, decreased MDA),

improved quality of life, and improved inflammation (decreased

CRP and TNF-a), decreased joint pain and tenderness, and

decreased DAS28 compared with the placebo group (32, 33).
4.5 Total glucosides of paeony for RA

Total glucosides of paeony are extracted from the dried roots of

Paeonia lactiflora (153), including paeoniflorin, hydroxypaeoniflorin,

paeoniflorin, paeoniflorin, and benzoylpaeoniflorin (154). Total

glucosides of paeony have a wide range of anti-inflammatory and

immunomodulatory effects, and have been widely used in the

treatment of autoimmune diseases, including RA, systemic lupus

erythematosus (SLE), psoriasis, allergic contact dermatitis, etc.

(155–159). In terms of intervening in RA, total glucosides of
Frontiers in Immunology 20
paeony regulate the function and activation of immune cells in RA,

reduce the production of inflammatory mediators, and restore

abnormal signaling pathways (160, 161). Total Paeoniflorin can

balance immune cell subsets (such as macrophage-like synoviocytes,

fibroblast-like synoviocytes, etc.). Paeoniflorin can regulate signaling

pathways (GPCR pathway, MAPKs/NF-kB pathway, PI3K/Akt/

mTOR pathway, JAK2/STAT3 pathway, TGFb/Smads, etc.) in

experimental arthritis FLS (160, 162–165).

This meta-analysis showed that total glucosides of paeony may

improve the clinical manifestations of RA (decrease DAS28, ACR20

and ACR70) and inhibit inflammatory (reduce CRP, ESR, RF, IL-6

and TNF-a). Meanwhile, the addition of total glucosides of paeony

may reduce the incidence of adverse events.
4.6 Tea polyphenols for RA

Tea polyphenols (such as catechins, etc.) are the most abundant

in tea (166, 167). Therapeutic benefits of green tea have been seen in

neurodegenerative, inflammatory, cardiovascular, and various

cancers (168, 169). Catechins have demonstrated their anti-

inflammatory effects in many studies related to pathological

conditions in which inflammation is a core driver (170). Extensive
FIGURE 15

Meta-regression Results of the duration of intervention (A) adverse events of total glucosides of paeony; (B) CRP of total glucosides of paeony; (C)
DAS28 of total glucosides of paeony; (D) ESR of total glucosides of paeony; (E) RF of total glucosides of paeony; (F) CRP of curcumin; (G) DAS28 of
curcumin; (H) ESR of curcumin.
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in vitro studies have shown that catechins have promising

applications in the treatment of RA, with differential modulation

of cartilage, bone, and synovial fibroblast activity (171). In cartilage,

catechins have been found to inhibit IL-1b-induced inducible NOS

(iNOS) and COX-2 expression by inhibiting IkBa phosphorylation

and proteasomal degradation (172, 173). Catechin also inhibits IL-

1b-induced phosphorylation of c-Jun, thereby preventing activating

protein 1 (AP-1) from binding to DNA (174). Akhtar and Haqqi

found that when IL-1b was inhibited, IL-6, IL-8 and TNF-a were

also down-regulated due to the inhibition of NF-kB (175). An early

study suggests that prophylactic consumption of green tea may help

improve inflammation and reduce cartilage destruction associated

with different forms of arthritis (176). In bone biology, catechins are

thought to reduce the amount of osteoclast formation by reducing

osteoblast differentiation (177). Catechin blocks the receptor

activator of RANKL-mediated activation of JNK and NF-kB
pathways to inhibit the expression of the transcription factor

NFATc1 required for osteoclast differentiation (178). Catechins

can regulate B cell activating factors belonging to the TNF family

(BAFF)/PI3K/AKT/mTOR pathway to induce apoptosis, also in B

lymphocytes (179). In regulating apoptosis, catechin treatment

selectively downregulated Mcl-1 (anti-apoptotic protein)
Frontiers in Immunology 21
expression, thereby increasing the sensitivity of synovial

fibroblasts to apoptosis (180). Studies have also shown that

catechins can reduce the production of MMP-1, MMP-2 and

MMP-3 by RA synovial fibroblasts to prevent further cartilage

and bone destruction (181, 182). Therefore, although tea and tea

polyphenols can neutralize the inflammatory effects of IL-1b and IL-

6, they also effectively utilize TNF-a to play its basic function of

regulating the uncontrolled proliferation of activated synovial

fibroblasts to improve the functional status of arthritis joints.

This meta-analysis showed that tea polyphenols may improve the

clinical manifestations of RA (decrease DAS28, ACR20 and ACR70)

and inhibit inflammatory (reduce CRP and ESR). Meanwhile, the

addition of total glucosides of paeony may not increase the incidence

of adverse events.
4.7 Puerarin for RA

Puerarin exists in the roots of the genus Pueraria (common name

Pueraria), which is isolated from Pueraria and other species (183–

185). Numerous health benefits have been attributed to puerarin,

namely antioxidant (186), anti-inflammatory (187), neuroprotective
FIGURE 16

Meta-regression Results of dose (A) adverse events of total glucosides of paeony; (B) CRP of total glucosides of paeony; (C) DAS28 of total glucosides of
paeony; (D) ESR of total glucosides of paeony; (E) RF of total glucosides of paeony; (F) CRP of curcumin; (G) DAS28 of curcumin; (H) ESR of curcumin;
(I) RF of curcumin.
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(188), liver protection (189), anticancer (190), antidiabetic (191),

cardioprotective (192) and anti-atherosclerotic effect (193). In terms

of bone protection, puerarin is an effective compound that inhibits

bone resorption and improves bone structure. It can stimulate

osteoblast differentiation and inhibit osteoclastogenesis at the same

time (183, 194). In addition, the Ca 2+ content in the culture

supernatant decreased after puerarin treatment. Puerarin can

stimulate bone formation and regulate bone metabolism by

inhibiting bone resorption (195). Multiple studies have found that

puerarin attenuates inflammation and oxidation in mice with collagen

antibody-induced arthritis through the TLR4/NF-kB signaling

pathway (196). Puerarin derivative (4AC) antioxidant and inhibits

TNF-a activity via MAPKs/NF-kB signaling pathway in RAW264.7

cells and collagen-induced arthritis rats (197). Puerarin inhibits

inflammation and ECM degradation through the Nrf2/HO-1 axis in

chondrocytes and reduces pain symptoms in osteoarthritis

mice (198).

The anti-atherosclerotic properties of puerarin also include

inhibit ion of l ipopolysaccharide or ovalbumin-induced

inflammation (199–201), protection of endothelial cells from
Frontiers in Immunology 22
damage induced by oxidized LDL or Aß40, and reduction of lipid

accumulation in vessel walls (199–203). The vasoprotective effect of

puerarin inhibits vascular smooth muscle cells (204) and protects

against ischemia and reperfusion injury (205–207). This systematic

review showed that puerarin may decrease DAS28, ESR, CRP, IL-6.
4.8 Hesperidin for RA

Hesperidin is a flavonoid that is abundant in citrus fruits.

Hesperidin has many biological functions, including antioxidant,

anti-inflammatory, antiviral, and anticancer activities (208). Ahmad

et al. found that after treatment with hesperidin, plasma CML and

IgG PTD levels were restored to 93% and 16%, respectively,

through the free radical scavenging activity of hesperidin, thereby

alleviating RA disease by reducing the concentration of AGEs.

Therefore, the use of hesperidin may help reduce the severity of RA

disease. Umar et al. found that hesperidin may inhibit collagen-

induced arthritis by inhibiting free radical load and reducing

neutrophil activation and infiltration (209). Qi et al. (210) found
TABLE 4 The evidence quality of total glucosides of paeony.

Outcomes Illustrative comparative risks* (95% CI) Relative
effect

(95% CI)

No of
Participants
(studies)

Quality of
the

evidence
(GRADE)

Comments

Assumed
risk

Corresponding risk

Control Total glucosides of paeony

DAS28 The mean DAS28 in the intervention groups
was
0.92 lower
(1.52 to 0.31 lower)

1146
(9 studies)

⊕⊕⊝⊝
low1

ESR The mean ESR in the intervention groups was
6.44 lower
(9.24 to 3.63 lower)

1522
(16 studies)

⊕⊕⊝⊝
low1,2

CRP The mean CRP in the intervention groups
was
1.32 standard deviations lower
(1.81 to 0.83 lower)

1513
(17 studies)

⊕⊝⊝⊝
very low1,2,3

SMD -1.32 (-1.81 to
-0.83)

RF The mean RF in the intervention groups was
2.01 standard deviations lower
(3.01 to 1.01 lower)

984
(10 studies)

⊕⊝⊝⊝
very low1,2,3

SMD -2.01 (-3.01 to
-1.01)

Adverse
events

Study population
RR 0.55
(0.44 to 0.69)

1362
(15 studies)

⊕⊕⊝⊝
low1,2

242 per 1000 133 per 1000
(106 to 167)

Moderate

250 per 1000 138 per 1000
(110 to 172)
*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is based on the assumed risk in
the comparison group and the relative effect of the intervention (and its 95% CI).
CI, Confidence interval; RR, Risk ratio;
GRADE Working Group grades of evidence.
High quality: Further research is very unlikely to change our confidence in the estimate of effect.
Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality: We are very uncertain about the estimate.
1 Downgraded one level due to the probably substantial heterogeneity.
2 Downgraded one level due to serious risk of bias (random sequence generation, allocation concealment, blinding, incomplete outcomes) and most of the data comes from the RCTs with moderate
risk of bias.
3 Downgraded one level due to the publication bias.
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that in complete Freund’s adjuvant-induced arthritis in mice,

hesperidin inhibited synovial cell inflammation and macrophage

polarization by inhibiting the PI3K/AKT pathway. Liu et al. (211)

found that hesperidin derivative 11 inhibited the proliferation of

fibroblast-like synoviocytes by activating frizzled-related protein 2

secreted in adjuvant arthritis rats. Li et al. found the therapeutic effect

of hesperetin on adjuvant arthritis in rats by inhibiting the JAK2-

STAT3 signaling pathway (212). Hesperidin also promotes the anti-

inflammatory and analgesic activities of Siegesbeckia pubescens

makino by inhibiting COX-2 expression and inflammatory cell

infiltration (213). This systematic review showed that hesperidin

may improve RA symptoms.
4.9 Crocus sativus L. extract for RA

Crocus sativus L. extract is well known in herbal medicine and has

attracted the attention of researchers for its properties, especially its

anti-inflammatory and proliferative abilities in bone and cartilage

destructive diseases (214, 215). Among these bioactive components,

there are four recognized components that may be associated with the

therapeutic potential of saffron, including crocin, saffron flavonoids,

saffron aldehyde, and saffron (216, 217). Recent studies have revealed

other therapeutic and pharmacological activities of saffron (218–225),

such as neuroprotection, neurogenetics, antidepressant,

antiapoptotic, antioxidant, and anti-inflammatory. One study found

that crocin modulates serum levels of enzymatic and non-enzymatic
Frontiers in Immunology 23
inflammatory cytokines, including MMP-13, MMP-3, MMP-9,

HAases, TNF-a, IL-1b, NF-kB, IL -6, COX-2 and PGE2 and ROS

media (226). Crocin also increased levels of GSH, SOD, CAT and

GST. In addition, inhibition of the exoglycosidase cathepsin-D

and tartrate-resistant acid phosphatase in the bone near the joint by

crocin protects bone resorption (226). Rasol et al. found that TNF-a
and IL-1b levels were decreased and SOD and GR activities were

increased after crocin intervention (226). Hu et al. found that paw

swelling and ankle diameter were significantly reduced in crocin-

treated rats. Histological analysis also showed reduced inflammation

in joints and other organs, such as the spleen. In addition, TNF-a
and TGF-b1 levels were decreased in synovial tissue (227). In a

similar study, Liu et al. found that MMP-1, MMP-3, and MMP-13

protein expression levels were decreased in RA rats after crocin

intervention (228). Li et al. showed similar results, suggesting

that crocin had a positive effect on RA-induced rats (229). In an in

vitro study, Li et al. demonstrated that crocin at 500 μM (5,000 mg/

ml) reduced levels of TNF-a, IL-1b, and IL-6 in human

FLS. Furthermore, crocin caused lower levels of p-IkBa, p-IkB
kinase a/b and p65 expression, demonstrating its effect on the NF-

kB pathway (230). Wang et al. showed that crocin inhibits Wnt/b-
catenin and Wnt signaling pathways to reduce pain-related cytokines,

and glial activation may alleviate RA-induced neuropathic pain in

rats (231).

However, this meta-analysis showed that the efficacy of Crocus

sativus L. extract may not be significantly different from the

control group.
TABLE 5 The evidence quality of curcumin.

Outcomes Illustrative comparative risks* (95% CI) Relative effect
(95% CI)

No of
Participants
(studies)

Quality of the
evidence
(GRADE)

Comments

Assumed risk Corresponding risk

Control Primary outcomes

DAS28 The mean DAS28 in the intervention groups was
1.1 lower
(1.67 to 0.53 lower)

147
(7 studies)

⊕⊝⊝⊝
very low1,2,3

ESR The mean ESR in the intervention groups was
54.67 lower
(88.32 to 21.02 lower)

191
(8 studies)

⊕⊝⊝⊝
very low1,2,3,4

CRP The mean CRP in the intervention groups was
0.35 lower
(0.55 to 0.15 lower)

104
(5 studies)

⊕⊝⊝⊝
very low1,2,3,4

RF The mean RF in the intervention groups was
51.3 lower
(60.59 to 42.01 lower)

60
(4 studies)

⊕⊝⊝⊝
very low1,2,3,4
*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is based on the assumed risk in
the comparison group and the relative effect of the intervention (and its 95% CI).
CI, Confidence interval;
GRADE Working Group grades of evidence.
High quality: Further research is very unlikely to change our confidence in the estimate of effect.
Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality: We are very uncertain about the estimate.
1 Downgraded one level due to serious risk of bias (random sequence generation, allocation concealment, blinding, incomplete outcomes) and most of the data comes from the RCTs with moderate
risk of bias.
2 Downgraded one level due to the probably substantial heterogeneity.
3 Downgraded one level due to the total sample size fails to meet the optimal information size.
4 Downgraded one level due to the publication bias.
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4.10 Ginger extract for RA

Ginger has been cultivated in China and other countries around

the world since ancient times as a source of medicinal plants for spice

and therapeutic benefits (232). The main components of ginger are 6-

shogaol, ginger oil terpene, water fennel, camphor terpene, gingerol,

eucalyptus, etc. (232–234). Evidence suggests that consuming ginger

may help relieve joint pain associated with RA (235). Kiuchi et al.

discovered the potential of ginger to inhibit the synthesis of

prostaglandins, which are key to inflammation. Further research

found that ginger exhibits anti-inflammatory activity by inhibiting

the biosynthesis of prostaglandins and leukotrienes (236). Ribel-

Madsen et al. (237) conducted the in vitro anti-inflammatory effect

of ginger, and ginger-treated synoviocytes showed similar inhibitory

effects as betamethasone by inhibiting the production of cytokines IL-

1 and IL-6. Yang et al. observed the analgesic and anti-inflammatory

effects of 6-gingerol (238). Ojewole observed potential analgesic and

anti-inflammatory activity of ginger, which can be used to reduce pain

and inflammation caused by arthritis (239). Srivastava et al. observed

the antiarthritic activity of ginger in patients who independently

experienced RA, OA and muscle discomfort (240). The beneficial

effect of ginger on reducing RA-related pain may be due to the

inhibition of prostaglandin and leukotriene biosynthesis (240). van

Breemen et al. found that 10-gingerol, 8-shogaol, and 10-shogaol

strongly inhibited COX 2, thereby significantly reducing

inflammation (241). In addition, ginger can inhibit the biosynthesis

of leukotrienes by inhibiting 5-lipoxygenase (242). Nurtjahja-

Tjendraputra et al. also demonstrated the inhibitory effect of ginger

on COX-1 activity (243). One study found that components of ginger

significantly inhibited the release of pro-inflammatory cytokines (IL-

12, TNF-a and IL-1 b) and pro-inflammatory chemokines in LPS-

induced macrophages (244). 6-Gingerol significantly inhibits Ikba
phosphorylation, NF-kb nuclear activation and PKC-a translocation,

which in turn inhibits Ca mobilization and disruption of

mitochondrial membrane potential in LPS-stimulated macrophages,

thereby inhibiting inducible nitric oxide synthase and TNF-a express

and reduce inflammation (245). This systematic review showed that

Ginger extract may decrease DAS28.
4.11 Cinnamon extract for RA

Cinnamon, one of the most commonly used spices in the world

and one of the oldest herbal medicines used to treat certain diseases

and inflammations, has been used to treat RA in China for nearly

2000 years (246). Cinnamon can modulate immune system function

by modulating anti-inflammatory and pro-inflammatory gene

expression (247–249). Cinnamaldehyde is the main active

component of cinnamon, and its anti-inflammatory effect has been

observed in several studies (250–252). Several other flavonoids,

including anti-inflammatory hesperidin and quercetin, have also

been extracted from cinnamon (253, 254). Scientific evidence

suggests that cinnamon extract can be used to modulate the

immune system, as well as prevent and treat inflammation (255).

The beneficial effects of cinnamon extract and its polyphenols on

reducing serum levels of TNF-a, CRP and IL-6, as well as improving
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clinical symptoms and antioxidant activity have been reported in

animal models (256). In vitro experiments also demonstrated the

beneficial effects of cinnamon polyphenols in improving immune

responses by modulating the expression of pro- and anti-

inflammatory cytokine genes (257, 258). In experimental arthritis

studies, cinnamaldehyde in cinnamon significantly inhibits joint

disease in experimentally arthritic animals. Cinnamaldehyde can

not only significantly reduce the IL-6 content of inflammatory

mediator TNF-a in peripheral mononuclear cells of RA patients

(259), but also inhibit the release of IL-1b and matrix MMP-13 from

synovial fibroblasts in arthritis patients (260). Cinnamaldehyde can

significantly reduce the levels of TNF-a, IL-6 and IL-1b in the

peripheral blood of collagen-induced arthritic rats, and significantly

increase the content of the anti-inflammatory factor IL-10, exerting a

systemic anti-inflammatory effect (261). Liu et al. found that

cinnamaldehyde may affect the production of IL-1b by inhibiting

HIF-1a, and may affect the maturation of IL-1b by regulating the

formation of NLRP3 inflammasome through the succinate/HIF-1a
axis (262).

This systematic review showed that Ginger extract may decrease

DAS28, the number of tender and swollen joints, and serum CRP and

TNF-a levels.
4.12 Sesamin for RA

Sesame is an important traditional health food that has been used

in Asian countries for thousands of years to improve nutritional

status and prevent various diseases (263). Sesame seeds contain high

amounts of oil and protein, as well as various lignans (such as

sesamin) (264, 265). Several studies have shown that sesamin (one

of the most abundant lignans in sesame) has various physiological

functions, including antioxidant, antihypertensive, anti-obesity and

hypolipidemic effects (266–269). The anti-inflammatory properties of

sesame compounds have been reported in rat models (270). The

results of another study showed that sesamin inhibited

lipopolysaccharide-induced inflammation by inhibiting p38

mitogen-activated protein kinase and NF-kB, which are the major

pathways regulating cytokine production. Based on this result,

sesamin may also prevent cartilage degeneration in other joint

diseases such as RA (271, 272).

This systematic review showed that sesamin may improve the

joint pain, decrease the number of tender joints, and decrease serum

hs-CRP, TNF-a and COX-2 levels.
4.13 Cranberry extract for RA

Cranberry (Vacciniummacrocarpon) juice has strong antioxidant

activity, mainly containing polyphenolic compounds such as

flavonols (myricetin and quercetin), anthocyanins and procyanidins

(273). Clinical studies have shown that cranberry juice has beneficial

effects on biomarkers of cardiovascular disease risk (274, 275). Several

intervention studies have found that cranberry has beneficial effects

on biomarkers of oxidative stress, dyslipidemia, and inflammation in

healthy people (276, 277) and in patients with type 2 diabetes (278)
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and metabolic syndrome (279). Studies have found that quercetin

(flavonol), which is abundant in cranberry, can lead to a significant

down-regulation of the nuclear factor kappa B (NF-kB) pathway

(280). Additionally, resveratrol has been shown to be another

abundant polyphenol in cranberries. It can inhibit the expression of

inflammatory genes related to cardiovascular disease by activating

NF-kB and Janus kinase/signal transducer and transcriptional

pathway activator in cultured cells (273). NF-kB regulates the

expression of many pro-inflammatory genes, including adhesion

molecules, IL-6, and TNF-a. Other components present in

cranberries , such as proanthocyanidins , anthocyanins ,

hydroxycinnamic acid, and acetylsalicylic acid, inhibit NF-kB
activation (275).

This systematic review showed that Cranberry extract may

decrease DAS28, and serum ESR and CRP.
4.14 Olive extracts and oil for RA

The current study found that olive oil contains high amounts of

polyphenolic compounds. Numerous studies have found

polyphenolic extracts of olive oil as antioxidants to prevent and

treat cardiovascular disease and prevent certain types of cancer, as

well as reduce the incidence of coronary heart disease and stroke

(281–283). Furthermore, it has been shown to inhibit IL-1b-induced
MMP, TNF-a and IL-6 production in the SW982 human synovial

fibroblast cell line (284). Polyphenol extracts also down-regulated

COX-2 and mPGE-1 induced by IL-1b. In addition, it inhibits MAPK

phosphorylation and NF-kB activation (285, 286). This systematic

review showed that Olive oil may decrease DAS28, relieve joint pain

and decrease the number of painful joints and the number of swollen

joints. The study also found that a Mediterranean diet centered on

olive oil can reduce the risk of autoimmune diseases such as RA (287,

288), which is strong evidence in the treatment of RA.
4.15 Curcumin for RA

Curcumin, a yellow pigment and active component of turmeric

(Curcuma longa), is one of the well-known natural compounds with a

wide range of pharmacological activit ies and potential

immunomodulatory properties (289, 290). Curcumin effectively

inhibits the production of several pro-inflammatory mediators by

mediating multiple inflammatory signaling pathways (such as JAK-

STAT signaling pathway/P38 MAPK signaling pathway, NF-kB
signaling pathway, etc.), including TNF-a, IL-1b, IL-6, IL-12 and

IL-8 (291–294). Curcumin has a high ability to modulate

inflammation in RA by suppressing pro-inflammatory immune cell

populations and suppressing the production of immune-

inflammatory cytokines and chemokines (295, 296). Studies have

found that curcumin can significantly block the expression of IL-6 in

FLS stimulated by IL-1b in RA patients (297). Curcumin can also

reduce the protein expression levels of IL-6, IL-8, MCP-1, MMP-1

and MMP-3 in FLS of RA patients (298). Several studies on animal

models of RA also confirmed this finding. Curcumin can reduce the

production of pro-inflammatory cytokines, including TNF-a, IL-1b,
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IL-6 and MCP-1 (299–304). Curcumin has also been found to inhibit

the activation, proliferation and differentiation of naive CD4+ T cells

into T helper (TH) 1 and TH 17 subtypes. These two cells play a key

role in the pathogenesis of RA by producing key pro-inflammatory

cytokines including TNF-a, IFN-g, IL-17, IL-21 and IL-23 and are

responsible for joint and bone destruction (305, 306). In addition,

curcumin has a strong ability to induce regulatory T cell (Treg)

differentiation and inhibit TH1- and TH17-mediated inflammatory

responses (306). This meta-analysis showed that curcumin may

decrease DAS28, CRP, ESR and RF.
4.16 Mechanisms of other dietary
polyphenols with medicinal potential

Dietary polyphenols are currently widely used as alternative

therapies, and preclinical and clinical studies have demonstrated

their efficacy in the treatment of RA. In addition to the 15 dietary

polyphenols (Cinnamon extract, Cranberry extract, Crocus sativus L.

extract, Curcumin, Garlic extract, Ginger extract, Hesperidin, Olive oil,

Pomegranate extract, Puerarin, Quercetin, Resveratrol, Sesamin, Tea

polyphenols, Total glucosides of paeony) in this study, there are many

other polyphenols in the world. The reason why this study did not

include other polyphenols is that this study is about the systematic

review and meta-analysis of RCTs, so these animal experiments were

not included. In order to further provide future researchers with

reference information for dietary polyphenols in the treatment of

RA, we summarized dietary polyphenols with potential medicinal

value. Dietary polyphenols derived from dietary fruits, vegetables and

natural herbs for anti-rheumatic activity in the treatment of RA

include Stilbenes, Phenolic acids, Flavonoids, etc. (307–310). Among

them, phenolic acids such as benzoic acid and cinnamic acid (311).

Hydroxybenzoic acids (including gallotannins and ellagitannins) also

exhibit anti-RA effects (312). Natural flavonoids also exhibit strong

anti-RA activity, such as anthocyanins, flavanols (catechins,

epigallocatechin gallate), flavonoids (luteolin, apigenin), flavanones

(naringenin), flavonols (quercetin and kaempferol), isoflavones

(genistein, daidzein and glycitein) (313, 314). Some herbs have also

been shown to exhibit prominent anti-RA activity, including

Adhatoda vasica Nees (pyrroloquinazoline), Ajuga bracteosa wall

(Withaferin-A, Ajugarin-I), Aconitum carmechaeli Debeaux

(aconitine, benzoylmethasone), Barleria prionitis (triterpenoids),

pine (pinitol) (315). These polyphenols play an anti-RA role mainly

by regulating immune-inflammation-related signaling pathways, anti-

oxidation-related signaling pathways and triggering synoviocyte/

pathogenic immune cell programmed death (apoptosis, pyroptosis,

ferroptosis) (316–319). At present, the most studied pathways are

immune inflammation-related signaling pathways to reduce bone and

joint damage, such as NFKB signaling pathways, TLR signaling

pathways, TNF signaling pathways, etc. (320, 321). The antioxidant-

related signaling pathways regulated by these polyphenols mainly

include SIRT1 signaling pathway, Keap1-Nrf2-ARE pathway,

NOX4/ROS signaling pathway, HO-1 signaling pathway and iNOS

signaling pathway (320, 322, 323). These dietary polyphenols can also

regulate programmed cell death signaling pathways to treat RA, such

as MAPK pathway or PI3K/Akt signaling pathway and epigenetics-

related regulatory signaling pathways (316, 324, 325).
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4.17 Strength and limitations

The strengths of this research are that compared with previous

studies, this study included the results of a meta-analysis and included

more RCTs (48 RCTs were included in this study and involved 15

dietary polyphenols: Cinnamon extract, Cranberry extract, Crocus

sativus L. extract, Curcumin, Garlic extract, Ginger extract,

Hesperidin, Olive oil, Pomegranate extract, Puerarin, Quercetin,

Resveratrol, Sesamin, Tea polyphenols, Total glucosides of paeony).

Sensitivity analysis, publication bias assessment, meta-regression, and

quality of evidence ratings were also performed in this meta-analysis.

The limitations of this research are that: (1) There is obvious

heterogeneity in outcomes. According to meta-regression, part of the

heterogeneity of total glucosides of paeony and curcumin may come

from drug dosage and intervention time. The remaining

heterogeneity may be due to the selection of the population, the

choice of dietary polyphenol preparations for treatment of dietary

polyphenols, and information biases during data collection. (2)

Although a total of 48 RCTs were included, except for total

glucosides of paeony, each type of dietary polyphenol supplements

included no more than 10 RCTs, and the number of participants in

each RCT was mostly less than 100. (3) The RCT languages included

in this study were only Chinese and English, and no RCTs in other

languages were found, which may have an impact on the results. (4)

The follow-up time of the RCTs ranged from 8 to 48 weeks, and there

was no observation for more than 3 years and before 8 weeks, which

may affect the generality of the results. (5) The RCTs in this research

have a high risk of bias. The authors of some RCTs are funded or

employed by drug manufacturers, which may introduce bias.
4.18 Inspiration for the future

Through the systematic review and meta-analysis of this study, it

can be found that the research on the efficacy and mechanism of

various dietary polyphenols in relieving RA has made significant

progress. Among them, curcumin and total glucosides of paeony have

improved the treatment of rheumatoid arthritis. Symptoms,

inhibition of inflammation and other outcome indicators. In

general, dietary polyphenols can be used as an effective anti-

inflammatory drug in the adjuvant treatment of RA, and can be

used for daily dietary supplementation with relatively good safety.

However, there are still some knowledge gaps in current clinical

research and basic research, which need to be addressed in future

research. In terms of basic research, most previous studies have

cultured a single phenolic compound or a mixture of multiple

phenolic compounds with synovial cells, lacking pharmacokinetic

studies targeting dietary polyphenols in animal studies. This situation

is even more lacking in clinical studies, and few clinical studies have

explored the pharmacokinetics of dietary polyphenols in RA patients

(such as, absorption and metabolism of polyphenols, and interactions

with gut microbiota). For example, in previous studies, most studies

using animal or cell culture models focused on the biological activity

of polyphenols themselves. Moreover, few studies have focused on the

microbial metabolism of polyphenols. In particular, the current study

(326–328) showed that the a-diversity and b-diversity of gut

microbiota in RA patients were significantly lower than those in
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healthy people. Among them, Bacteroidetes and Shiga toxoid-

producing Escherichia coli were more abundant in RA patients, in

contrast, Lactobacillus, Ravivibacterium isoprawizia, Enterobacter

and Stinkbacter were less abundant in the RA group. More studies

have found that the intestinal flora can affect the development of RA

by regulating immune molecules (including immune cells (such as

regulatory B cells and CD4 T helper T cells, etc.), immune factors,

etc.) (329–332). Therefore, research on the interaction between

dietary polyphenols and gut microbiota of RA disease is the main

direction of future basic and clinical research. In addition, most

dietary polyphenols are degraded by gut flora in the colon due to

poor polyphenol absorption. The biological activity of dietary

polyphenols may be partially attributed to microbial metabolites.

The exact role or biological activity of microbial metabolites should be

focused on in future studies.
4.19 Prospects

Dietary polyphenols are a group of biologically active

phytochemicals with a wide range of sources, diverse structures,

low toxicity, and good biological activity. In terms of curative effect

in the treatment of RA, it is mainly attributed to the immuno-

inflammation modulating activity of dietary polyphenols, which

provides a new option for the comprehensive management strategy

of RA, and dietary polyphenols also alleviate the adverse reactions of

DMARDs. Since these dietary polyphenols are ubiquitously present

in the diet, medication adherence may be better in RA patients.

Meanwhile, studies have found that some dietary polyphenols can

reduce the side effects of glucocorticoids (such as bone destruction,

drug resistance, etc.) (333–338). Therefore, the current preliminary

preclinical data on dietary polyphenols indicate that polyphenols

have great potential in the treatment of RA, and the dietary types

that have been carried out RCTs are mainly Cinnamon extract,

Cranberry extract, Crocus sativus L. extract, Curcumin, Garlic

extract, Ginger extract, Hesperidin, Olive oil, Pomegranate extract,

Puerarin, Quercetin, Resveratrol, Sesamin, Tea polyphenols, Total

glucosides of paeony. In addition, there are many dietary

polyphenols such as rutin, chlorogenic acid, anthocyanins,

luteolin, lignans, etc., which need extensive clinical research in the

future to provide more clinical evidence for the future clinical

treatment of RA. Dietary polyphenols have multi-target effects on

signaling pathways in RA, so it is important to further explore the

pharmacological mechanism of these dietary polyphenols, which

will also provide the molecular structure core of lead compounds or

new drugs for RA drug development. Based on this systematic

review and meta-analysis, we look forward to clinicians and patients

using dietary polyphenols as adjunctive therapy or in combination

with other current DMARDs in a comprehensive management

strategy for RA. In addition, since some polyphenols are mainly

derived from herbs, it is necessary in clinical practice to study the

pharmacokinetic results of the interaction of herbs as a multi-

component drug (not only polyphenols) with DMARDs to

prevent potential adverse drug reactions. Some polyphenol active

substances have been formulated into new delivery systems to

improve solubility, permeability and enhance the therapeutic

effect in preclinical studies due to problems such as absorption. In
frontiersin.org

https://doi.org/10.3389/fimmu.2023.1024120
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Long et al. 10.3389/fimmu.2023.1024120
the future, it is necessary to explore the efficacy and safety of this

new type of administration.
5 Conclusion

Although the number of RCTs on dietary polyphenols is limited,

existing evidence shows their potential benefits, mainly increasing

DAS28, reducing CRP and ESR, and improving oxidative stress, etc.

However, given the small number of patients recruited, the study

designs varied widely between RCTs and the characteristics of RA

patients varied; it is difficult to immediately extrapolate these results

to RA patients in general. More RCTs are needed in the future to

determine the efficacy and safety of dietary polyphenols.
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Bioactivity of dietary polyphenols: The role of metabolites. Crit Rev Food Sci Nutr (2020)
60(4):626–59. doi: 10.1080/10408398.2018.1546669

19. Yabas M, Orhan C, Er B, Tuzcu M, Durmus AS, Ozercan IH, et al. A next
generation formulation of curcumin ameliorates experimentally induced osteoarthritis in
rats via regulation of inflammatory mediators. Front Immunol (2021) 12:609629.
doi: 10.3389/fimmu.2021.609629

20. Shakoor H, Feehan J, Apostolopoulos V, Platat C, Al Dhaheri AS, Ali HI, et al.
Immunomodulatory effects of dietary polyphenols. Nutrients (2021) 13(3):728.
doi: 10.3390/nu13030728

21. Lu J, Zheng Y, Yang J, Zhang J, Cao W, Chen X, et al. Resveratrol alleviates
inflammatory injury and enhances the apoptosis of fibroblast-like synoviocytes via
mitochondrial dysfunction and ER stress in rats with adjuvant arthritis. Mol Med Rep
(2019) 20(1):463–72. doi: 10.3892/mmr.2019.1027

22. Page MJ, McKenzie JE, Bossuyt PM, outron I, Hoffmann TC, Mulrow CD, et al.
The PRISMA 2020 statement: an updated guideline for reporting systematic reviews. BMJ
(2021) 372:89. doi: 10.1186/s13643-021-01626-4
frontiersin.org

https://www.frontiersin.org/articles/10.3389/fimmu.2023.1024120/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fimmu.2023.1024120/full#supplementary-material
https://doi.org/10.1016/j.jaut.2019.102400
https://doi.org/10.3390/cells10112857
https://doi.org/10.7326/AITC201901010
https://doi.org/10.1016/j.mcna.2020.10.006
https://doi.org/10.1007/s10067-020-05320-z
https://doi.org/10.1136/annrheumdis-2019-215920
https://doi.org/10.3389/fimmu.2021.790122
https://doi.org/10.1007/s10067-014-2828-3
https://doi.org/10.1186/1741-7015-7-12
https://doi.org/10.1016/S0140-6736(17)31491-5
https://doi.org/10.1039/d1nr03623h
https://doi.org/10.1136/annrheumdis-2019-216656
https://doi.org/10.1136/annrheumdis-2020-217344
https://doi.org/10.1002/ptr.7444
https://doi.org/10.3390/nu12092893
https://doi.org/10.3389/fimmu.2022.891822
https://doi.org/10.3389/fimmu.2022.891822
https://doi.org/10.1080/10408398.2018.1492900
https://doi.org/10.1080/10408398.2018.1546669
https://doi.org/10.3389/fimmu.2021.609629
https://doi.org/10.3390/nu13030728
https://doi.org/10.3892/mmr.2019.1027
https://doi.org/10.1186/s13643-021-01626-4
https://doi.org/10.3389/fimmu.2023.1024120
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Long et al. 10.3389/fimmu.2023.1024120
23. Deeks JJ, Higgins JP, Altman DG. Chapter 16: Special topics in statistics. In:
Higgins JP, Green S, editors. Cochrane handbook for systematic reviews of interventions.
UK: The Cochrane Collaboration (2020).

24. Deeks JJ, Higgins JP, Altman DG. Chapter 8: assessing risk of bias in included
studies. In: Higgins JP Green S, editor. Cochrane handbook or systematic reviews of
interventions version 6.1.0. UK: The Cochrane Collaboration (2020).

25. Deeks JJ, Higgins JP, Altman DG. Chapter 9: Analyzing data and undertaking
meta-analyses. In: Higgins JP, Green S, editors. Cochrane handbook for systematic reviews
of interventions. UK: The Cochrane Collaboration (2020).

26. GRADEpro GDT. GRADEpro guideline development tool. Australia: McMaster
University (2015).

27. Ghavipour M, Sotoudeh G, Tavakoli E, Mowla K, Hasanzadeh J, Mazloom Z.
Pomegranate extract alleviates disease activity and some blood biomarkers of
inflammation and oxidative stress in rheumatoid arthritis patients. Eur J Clin Nutr
(2017) 71(1):92–6. doi: 10.1038/ejcn.2016.151

28. Javadi F, Ahmadzadeh A, Eghtesadi S, Aryaeian N, Zabihiyeganeh M, Rahimi
Foroushani A, et al. The effect of quercetin on inflammatory factors and clinical
symptoms in women with rheumatoid arthritis: A double-blind, randomized controlled
trial. J Am Coll Nutr (2017) 36(1):9–15. doi: 10.1080/07315724.2016.1140093

29. Javadi F, Eghtesadi S, Ahmadzadeh A, Aryaeian N, Zabihiyeganeh M, Foroushani
AR, et al. The effect of quercetin on plasma oxidative status, c-reactive protein and blood
pressure in women with rheumatoid arthritis. Int J Prev Med (2014) 5(3):293–301.

30. Bae SC, Jung WJ, Lee EJ, Yu R, Sung MK. Effects of antioxidant supplements
intervention on the level of plasma inflammatory molecules and disease severity of
rheumatoid arthritis patients. J Am Coll Nutr (2009) 28(1):56–62. doi: 10.1080/
07315724.2009.10719762

31. Khojah HM, Ahmed S, Abdel-Rahman MS, Elhakeim EH. Resveratrol as an
effective adjuvant therapy in the management of rheumatoid arthritis: a clinical study.
Clin Rheumatol (2018) 37(8):2035–42. doi: 10.1007/s10067-018-4080-8

32. Moosavian SP, Paknahad Z, Habibagahi Z. A randomized, double-blind, placebo-
controlled clinical trial, evaluating the garlic supplement effects on some serum
biomarkers of oxidative stress, and quality of life in women with rheumatoid arthritis.
Int J Clin Pract (2020) 74(7):e13498. doi: 10.1111/ijcp.13498

33. Moosavian SP, Paknahad Z, Habibagahi Z, Maracy M. The effects of garlic (Allium
sativum) supplementation on inflammatory biomarkers, fatigue, and clinical symptoms in
patients with active rheumatoid arthritis: A randomized, double-blind, placebo-controlled
trial. Phytother Res (2020) 34(11):2953–62. doi: 10.1002/ptr.6723

34. Yan Z, Xianming W, Lan X, Yapei X, Dongfeng C. Clinical observation of total
glucosides of paeonia lactiflora combined with hydroxychloroquine sulfate tablets in the
treatment of T2DM complicated with rheumatoid arthritis. Med Theory Pract (2021) 34
(23):4101 –4103. doi: 10.19381/j.issn.1001-7585.2021.23.024

35. Ding B, Li Y, Lu S. Observation of curative effect of total glucosides of paeony and
tripterygiumwilfordii in the treatment of rheumatoid arthritis and its effects on
inflammatory factors and quality of life. China Sci Technol Tradit Chin Med (2021) 28
(05):758–760.

36. Wu T, Chen F, Tang Z, Liu L. Effects of total glucosides of paeony on inflammatory
indexes in patients with rheumatoid arthritis. Hebei Med (2021) 27(04):669–72.

37. Ju Y, Li R, Guo D, Feng X. Study on the effect of total glucosides of paeony on liver
function protection and treatment of rheumatoid arthritis.Modern Chin Doctor (2019) 57
(30):34–7.

38. Zheng H, Wang W, Wang Z, Tao X, Yu J, Zhang W, et al. Efficacy evaluation of
total glucosides of paeony combined with methotrexate and hydroxychloroquine in
maintenance treatment of rheumatoid arthritis. Zhejiang J Integrated Tradit ChinWestern
Med (2018) 28(11):944–6.

39. Yu H, Peng J, Ye X. Efficacy and safety of leflunomide and total glucosides of
paeony combined with methotrexate in the treatment of rheumatoid arthritis. China Med
Innovation (2018) 15(27):8–12.

40. Yu W, Xu J, Liang Y, Li M, Sha H. Clinical observation of total glucosides of
paeonia lactiflora combined with methotrexate and leflunomide in the treatment of
rheumatoid arthritis. Sichuan Med (2018) 39(01):83–5. doi: 10.16252/j.cnki.issn1004-
0501-2018.01.023

41. Chen Z, Liu Q, Liu J, Jiang X, Xue Y. Observation on the effect of total glucosides of
paeonia lactiflora combined with methotrexate in the treatment of refractory rheumatoid
arthritis. Chin J Pract Diagnosis Treat (2017) 31(07):700 –702. doi: 10.13507/j.issn.1674-
3474.2017.07.022

42. Han L, Gujanet Khan B, Bayan A, Shi R, Bahar Guli L, Wei R. Leflunomide
combined with total glucosides of paeonia lactiflora in the treatment of elderly efficacy of
rheumatoid arthritis and its influence on ESR, CRP and RF. Chin J Hosp Pharm (2016) 36
(07):568–71. doi: 10.13286/j.cnki.chinhosppharmacyj.2016.07.12

43. Wu T, He R, Liu J, Li Y. Efficacy observation of leflunomide tablets combined with
total glucosides of paeonia lactiflora in the treatment of rheumatoid arthritis. Clin Med
Pract (2015) 24(05):342–5. doi: 10.16047/j.cnki.cn14-1300/r.2015.05.008

44. Zheng H, Xiao Y. Clinical observation of total glucosides of paeony and
methotrexate in the treatment of senile rheumatoid arthritis. China J Basic Med Tradit
Chin Med (2013) 19(12):1496–8.

45. Zheng H, Jun H, Yang Y. Effects of total glucosides of paeony on blood lipids in patients
with rheumatoid arthritis. Chin J Basic Med Tradit Chin Med (2014) 20(06):832–4.

46. Li X, ChenM,Wang H. 60 cases of rheumatoid arthritis treated with total glycosides
of paeony and tripterygiumwilfordii. J Anhui Univ Tradit Chin Med (2011) 30(03):16–8.
Frontiers in Immunology 28
47. Yu J, Zhang H. A clinical study on total glucosides of paeony and leflunomide in
the treatment of active rheumatoid arthritis. Chin Med Forum (2010) 25(04):9–10.

48. Shang G, Liu J. Efficacy observation of combined use of methotrexate and total
glucosides of paeony in the treatment of rheumatoid arthritis. J Clin Rational Drugs
(2009) 2(04):1–2.

49. Wang X, Liu W. Effects of total glucosides of paeony and vitamin D_3 on serum
IFN-g and IL-10 in patients with rheumatoid arthritis. China J Tradit Chin Med (2008)
07):15–7.

50. Fan Y, Li G. Study on total glucosides of paeony combined with lower dose of
methotrexate in the treatment of senile-onset rheumatoid arthritis. J Modern Integr Med
(2006) 11):1440–2.

51. Shi L, Yang D. Clinical observation of total glucosides of paeonia lactiflora
combined with methotrexate in the treatment of rheumatoid arthritis. Hubei J Tradit
Chin Med (2006) 03):35–6.

52. Zhang L, Zhou Y, Liu W. Clinical observation of total glucosides of paeonia
lactiflora combined with tripterygium wilfordiipolyglycosides in the treatment of
rheumatoid arthritis with enhanced efficacy and reduced toxicity. Tianjin Tradit Chin
Med (2005) 22(03):207–8.

53. Zhao Y, Liu Y. Clinical observation of leflunomide and total glucosides of paeony
in the treatment of rheumatoid arthritis. China J Integr Med (2006) 4):355–7.

54. Du J, Dong B. Comparison of the clinical efficacy of methotrexate alone and
combined with total glucosides of paeony in the treatment of rheumatoid arthritis. China J
Integr Med (2005) 25(6):540–2.

55. Chen Z, Li XP, Li ZJ, Xu L, Li XM. Reduced hepatotoxicity by total glucosides of
paeony in combination treatment with leflunomide and methotrexate for patients with
active rheumatoid arthritis. Int Immunopharmacol (2013) 15(3):474–7. doi: 10.1016/
j.intimp.2013.01.021

56. Xiang N, Li XM, Zhang MJ, Zhao DB, Zhu P, Zuo XX, et al. Total glucosides of
paeony can reduce the hepatotoxicity caused by methotrexate and leflunomide
combination treatment of active rheumatoid arthritis. Int Immunopharmacol (2015) 28
(1):802–7. doi: 10.1016/j.intimp.2015.08.008

57. Mirtaheri E, Khabbazi A, Nazemiyeh H, Ebrahimi AA, Hajalilou M, Shakibay
Novin Z, et al. Stachys schtschegleevii tea, matrix metalloproteinase, and disease severity
in female rheumatoid arthritis patients: a randomized controlled clinical trial. Clin
Rheumatol (2022) 41(4):1033–44. doi: 10.1007/s10067-021-05981-4

58. Alghadir AH, Gabr SA, Al-Eisa ES. Green tea and exercise interventions as
nondrug remedies in geriatric patients with rheumatoid arthritis. J Phys Ther Sci (2016)
28(10):2820–9. doi: 10.1589/jpts.28.2820

59. Yang M, Luo Y, Liu T, Zhong X, Yan J, Huang Q, et al. The effect of puerarin on
carotid intima-media thickness in patients with active rheumatoid arthritis:
ARandomized controlled trial. Clin Ther (2018) 40(10):1752–1764.e1. doi: 10.1016/
j.clinthera.2018.08.014

60. Kometani T, Fukuda T, Kakuma T, Kawaguchi K, Tamura W, Kumazawa Y, et al.
Effects of alpha-glucosylhesperidin, a bioactive food material, on collagen-induced
arthritis in mice and rheumatoid arthritis in humans. Immunopharmacol
Immunotoxicol (2008) 30(1):117–34. doi: 10.1080/08923970701812688

61. Sahebari M, Heidari H, Nabavi S, Khodashahi M, Rezaieyazdi Z,
Dadgarmoghaddam M, et al. A double-blind placebo-controlled randomized trial of
oral saffron in the treatment of rheumatoid arthritis. Avicenna J Phytomed (2021) 11
(4):332–42. doi: 10.22038/AJP.2020.17280

62. Hamidi Z, Aryaeian N, Abolghasemi J, Shirani F, Hadidi M, Fallah S, et al. The
effect of saffron supplement on clinical outcomes and metabolic profiles in patients with
active rheumatoid arthritis: A randomized, double-blind, placebo-controlled clinical trial.
Phytother Res (2020) 34(7):1650–8. doi: 10.1002/ptr.6633

63. Aryaeian N, Shahram F, Mahmoudi M, Tavakoli H, Yousefi B, Arablou T, et al.
The effect of ginger supplementation on some immunity and inflammation intermediate
genes expression in patients with active rheumatoid arthritis. Gene (2019) 698:179–85.
doi: 10.1016/j.gene.2019.01.048

64. Shishehbor F, Rezaeyan Safar M, Rajaei E, Haghighizadeh MH. Cinnamon
consumption improves clinical symptoms and inflammatory markers in women with
rheumatoid arthritis. J Am Coll Nutr (2018), 1–6. doi: 10.1080/07315724.2018.1460733

65. Helli B, Shahi MM, Mowla K, Jalali MT, Haghighian HK. A randomized, triple-
blind, placebo-controlled clinical trial, evaluating the sesamin supplement effects on
proteolytic enzymes, inflammatory markers, and clinical indices in women with
rheumatoid arthritis. Phytother Res (2019) 33(9):2421–8. doi: 10.1002/ptr.6433

66. Helli B, Mowla K, Mohammadshahi M, Jalali MT. Effect of sesamin
supplementation on cardiovascular risk factors in women with rheumatoid arthritis. J
Am Coll Nutr (2016) 35(4):300–7. doi: 10.1080/07315724.2015.1005198
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benefits of pomegranate: A review. Curr Pharm Des (2019) 25(16):1817–27. doi: 10.2174/
1381612825666190708183941

80. Danesi F, Ferguson LR. Could pomegranate juice help in the control of
inflammatory diseases? Nutrients (2017) 9(9):958. doi: 10.3390/nu9090958

81. Paller CJ, Pantuck A, Carducci MA. A review of pomegranate in prostate cancer.
Prostate Cancer Prostatic Dis (2017) 20(3):265–70. doi: 10.1038/pcan.2017.19

82. Wang D, Özen C, Abu-Reidah IM, Chigurupati S, Patra JK, Horbanczuk JO, et al.
Vasculoprotective effects of pomegranate (Punica granatum l.). Front Pharmacol (2018)
9:544. doi: 10.3389/fphar.2018.00544

83. Malek Mahdavi A, Javadivala Z. Systematic review of the effects of pomegranate
(Punica granatum) on osteoarthritis. Health Promot Perspect (2021) 11(4):411–25.
doi: 10.34172/hpp.2021.51

84. Cerda B, Ceron JJ, Tomas-Barberan FA, Espin JC. Repeated oral administration of
high doses of the pomegranate ellagitannin punicalagin to rats for 37 days is not toxic. J
Agric Food Chem (2003) 51(11):3493–501. doi: 10.1021/jf020842c

85. Heber D, Seeram NP, Wyatt H, Henning SM, Zhang Y, Ogden LG, et al. Safety and
antioxidant activity of a pomegranate ellagitannin enriched polyphenol dietary
supplement in overweight individuals with increased waist size. J Agric Food Chem
(2007) 55(24):10050–4. doi: 10.1021/jf071689v

86. Pirzadeh M, Caporaso N, Rauf A, Shariati MA, Yessimbekov Z, Khan MU, et al.
Pomegranate as a source of bioactive constituents: a review on their characterization,
properties and applications. Crit Rev Food Sci Nutr (2021) 61(6):982–99. doi: 10.1080/
10408398.2020.1749825

87. Wang Y,He T, Li Z, Gai S. Effect of ethanol extract of punica granatum l against freund’s
complete adjuvant-induced arthritis in rats. Trop J Pharm Res (2019) 18(3):591–5.

88. Karwasra R, Singh S, Sharma D, Sharma S, Sharma N, Khanna K. Pomegranate
supplementation attenuates inflammation, joint dysfunction via inhibition of NF-kB
signaling pathway in experimental models of rheumatoid arthritis. J Food Biochem (2019)
43(8):1–12. doi: 10.1111/jfbc.12959

89. Albogami S, Alhazmi A. Potential effects of taif's punica granatum l. extract on
peripheral blood mononuclear cells from patients with rheumatoid arthritis via regulation
of the NF-kB signaling pathway by the IkBa gene. Biotechnology (2018) 17(3):113–9.
doi: 10.3923/biotech.2018.113.119

90. Seong AR, Yoo JY, Choi KC, Lee MH, Lee YH, Lee J, et al. Delphinidin, a specific
inhibitor of histone acetyltransferase, suppresses inflammatory signaling via prevention of
NF-kB acetylation in fibroblast-like synoviocyte MH7A cells. Biochem Biophys Res
Commun (2011) 410(3):581–6. doi: 10.1016/j.bbrc.2011.06.029

91. Rasheed Z, Akhtar N, Anbazhagan AN, Ramamurthy S, Shukla M, Haqqi TM.
Polyphenol-rich pomegranate fruit extract (POMx) suppresses PMACI-induced
expression of pro-inflammatory cytokines by inhibiting the activation of MAP kinases
and NF-kB in human KU812 cells. J Inflammation (Lond) (2009) 6:1–12. doi: 10.1186/
1476-9255-6-1
Frontiers in Immunology 29
92. Brand-Williams W, Cuvelier M, Berset C. Use of a free radical method to evaluate
antioxidant activity. Lebensm-Wiss Technol (1995) 28(1):25–30. doi: 10.1016/S0023-6438
(95)80008-5

93. Nair RK, Haridas A, Ezhuthupurakkal DR. Diversity and comparative account
on phytochemical and antioxidant properties of two varieties of musa, nendran and
kunnan. South Ind J Biol Sci (2016) 2(1):203–6. doi: 10.22205/sijbs/2016/v2/i1/
100396

94. Morvaridzadeh M, Sepidarkish M, Daneshzad E, Akbari A, Mobini GR,
Heshmati J. The effect of pomegranate on oxidative stress parameters: a systematic
review and meta-analysis. Complement Ther Med (2020) 48:102252. doi: 10.1016/
j.ctim.2019.102252

95. Andres S, Pevny S, Ziegenhagen R, Bakhiya N, Schäfer B, Hirsch-Ernst KI, et al.
Safety aspects of the use of quercetin as a dietary supplement. Mol Nutr Food Res (2018)
62(1):1700447. doi: 10.1002/mnfr.201700447

96. Marunaka Y, Marunaka R, Sun H, Yamamoto T, Kanamura N, Inui T, et al.
Actions of quercetin, a polyphenol, on blood pressure. Molecules (2017) 22(2):209.
doi: 10.3390/molecules22020209

97. Li Y, Yao J, Han C, Yang J, Chaudhry MT, Wang S, et al. Quercetin, inflammation
and immunity. Nutrients (2016) 8(3):167. doi: 10.3390/nu8030167

98. Lupo G, Cambria MT, Olivieri M, Rocco C, Caporarello N, Longo A, et al. Anti-
angiogenic effect of quercetin and its 8-methyl pentamethyl ether derivative in human
microvascular endothelial cells. J Cell Mol Med (2019) 23(10):6565–77. doi: 10.1111/
jcmm.14455

99. Fernandez-Palanca P, Fondevila F, Mendez-Blanco C, Tunon MJ, Gonzalez-
Gallego J, Mauriz JL. Antitumor effects of quercetin in hepatocarcinoma in vitro and
in vivo models: a systematic review. Nutrients (2019) 11:12. doi: 10.3390/
nu11122875

100. Kim SH, Yoo ES, Woo JS, an SH, Lee JH, Jung SH, et al. Antitumor and apoptotic
effects of quercetin on human melanoma cells involving JNK/P38 MAPK signaling
activation. Eur J Pharmacol (2019) 860:172568. doi: 10.1016/j.ejphar.2019.172568

101. Tavana E, Mollazadeh H, Mohtashami E, Modaresi SMS, Hosseini A, Sabri H,
et al. Quercetin: a promising phytochemical for the treatment of glioblastoma multiforme.
Biofactors (2019) 46:356–66. doi: 10.1002/biof.1605

102. Afifi NA, Ibrahim MA, Galal MK. Hepatoprotective influence of quercetin and
ellagic acid on thioacetamide-induced hepatotoxicity in rats. Can J Physiol Pharmacol
(2018) 96(6):624–9. doi: 10.1139/cjpp-2017-0651

103. Shen P, Lin W, Deng X, Ba X, Han L, Chen Z, et al. Potential implications of
quercetin in autoimmune diseases. Front Immunol (2021) 12:689044. doi: 10.3389/
fimmu.2021.689044

104. Goyal A, Agrawal N. Quercetin: A potential candidate for the treatment of
arthritis. Curr Mol Med (2022) 22(4):325–35. doi: 10.2174/1566524021666210315125330

105. Guardia T, Rotelli AE, Juarez AO, Pelzer LE. Anti-inflammatory properties of
plant flavonoids. Effects rutin quercetin hesperidin adjuvant Arthritis rat. Farmaco (2001)
56(9):683–7. doi: 10.1016/S0014-827X(01)01111-9

106. Rotelli AE, Guardia T, Juarez AO, de la Rocha NE, Pelzer LE. Comparative study
offlavonoids in experimental models of inflammation. Pharmacol Res (2003) 48(6):601–6.
doi: 10.1016/S1043-6618(03)00225-1

107. Guazelli CFS, Staurengo-Ferrari L, Zarpelon AC, Pinho-Ribeiro FA, Ruiz-
Miyazawa KW, Vicentini FTMC, et al. Quercetin attenuates zymosan-induced arthritis
in mice. BioMed Pharmacother (2018) 102:175–84. doi: 10.1016/j.biopha.2018.03.057

108. Yang Y, Zhang X, Xu M, Wu X, Zhao F, Zhao C. Quercetin attenuates collagen-
induced arthritis by restoration of Th17/Treg balance and activation of heme oxygenase
1-mediated anti-inflammatory effect. Int Immunopharmacol (2018) 54:153–62.
doi: 10.1016/j.intimp.2017.11.013

109. Kawaguchi K, Kaneko M, Miyake R, Takimoto H, Kumazawa Y. Potent inhibitory
effects of quercetin on inflammatory responses of collagen-induced arthritis in mice.
Endocr Metab Immune Disord Drug Targets (2019) 19(3):308–15. doi: 10.2174/
1871530319666190206225034

110. Shen P, Lin W, Ba X, Huang Y, Chen Z, Han L, et al. Quercetin-mediated SIRT1
activation attenuates collagen-induced mice arthritis. J Ethnopharmacol (2021)
279:114213. doi: 10.1016/j.jep.2021.114213

111. Yang Y, Shi GN, Wu X, Xu M, Chen CJ, Zhou Y, et al. Quercetin impedes Th17
cell differentiation to mitigate arthritis involving ppargamma-driven transactivation of
SOCS3 and redistribution corepressor SMRT from PPARgamma to STAT3. Mol Nutr
Food Res (2022):e2100826. doi: 10.1002/mnfr.202100826

112. Haleagrahara N, Miranda-Hernandez S, AlimMA, Hayes L, Bird G, Ketheesan N.
Therapeutic effect of quercetin in collagen-induced arthritis. BioMed Pharmacother
(2017) 90:38–46. doi: 10.1016/j.biopha.2017.03.026

113. Mamani-Matsuda M, Kauss T, Al-Kharrat A, Fawaz F, Thiolat D, Moynet D, et al.
Therapeutic and preventive properties of quercetin in experimental arthritis correlate
with decreased macrophage inflammatory mediators. Biochem Pharmacol (2006) 72
(10):1304–10. doi: 10.1016/j.bcp.2006.08.001

114. El-Said KS, Atta A, Mobasher MA, Germoush MO, Mohamed TM, Salem MM.
Quercetin mitigates rheumatoid arthritis by inhibiting adenosine deaminase in rats. Mol
Med (2022) 28(1):24. doi: 10.1186/s10020-022-00432-5

115. Saccol R, da Silveira KL, Adefegha SA, Manzoni AG, da Silveira LL, Coelho APV,
et al. Effect of quercetin on e-NTPDase/E-ADA activities and cytokine secretion of
complete freund adjuvant-induced arthritic rats. Cell Biochem Funct (2019) 37(7):474–85.
doi: 10.1002/cbf.3413
frontiersin.org

https://doi.org/10.1016/j.nut.2004.03.023
https://doi.org/10.1016/j.nutres.2007.06.003
https://doi.org/10.1089/jmf.2017.3930
https://doi.org/10.1002/ptr.7422
https://doi.org/10.1111/1756-185X.13688
https://doi.org/10.1016/j.jtcme.2018.06.001
https://doi.org/10.1002/ptr.4639
https://doi.org/10.1271/bbb.80418
https://doi.org/10.2174/1381612825666190708183941
https://doi.org/10.2174/1381612825666190708183941
https://doi.org/10.3390/nu9090958
https://doi.org/10.1038/pcan.2017.19
https://doi.org/10.3389/fphar.2018.00544
https://doi.org/10.34172/hpp.2021.51
https://doi.org/10.1021/jf020842c
https://doi.org/10.1021/jf071689v
https://doi.org/10.1080/10408398.2020.1749825
https://doi.org/10.1080/10408398.2020.1749825
https://doi.org/10.1111/jfbc.12959
https://doi.org/10.3923/biotech.2018.113.119
https://doi.org/10.1016/j.bbrc.2011.06.029
https://doi.org/10.1186/1476-9255-6-1
https://doi.org/10.1186/1476-9255-6-1
https://doi.org/10.1016/S0023-6438(95)80008-5
https://doi.org/10.1016/S0023-6438(95)80008-5
https://doi.org/10.22205/sijbs/2016/v2/i1/100396
https://doi.org/10.22205/sijbs/2016/v2/i1/100396
https://doi.org/10.1016/j.ctim.2019.102252
https://doi.org/10.1016/j.ctim.2019.102252
https://doi.org/10.1002/mnfr.201700447
https://doi.org/10.3390/molecules22020209
https://doi.org/10.3390/nu8030167
https://doi.org/10.1111/jcmm.14455
https://doi.org/10.1111/jcmm.14455
https://doi.org/10.3390/nu11122875
https://doi.org/10.3390/nu11122875
https://doi.org/10.1016/j.ejphar.2019.172568
https://doi.org/10.1002/biof.1605
https://doi.org/10.1139/cjpp-2017-0651
https://doi.org/10.3389/fimmu.2021.689044
https://doi.org/10.3389/fimmu.2021.689044
https://doi.org/10.2174/1566524021666210315125330
https://doi.org/10.1016/S0014-827X(01)01111-9
https://doi.org/10.1016/S1043-6618(03)00225-1
https://doi.org/10.1016/j.biopha.2018.03.057
https://doi.org/10.1016/j.intimp.2017.11.013
https://doi.org/10.2174/1871530319666190206225034
https://doi.org/10.2174/1871530319666190206225034
https://doi.org/10.1016/j.jep.2021.114213
https://doi.org/10.1002/mnfr.202100826
https://doi.org/10.1016/j.biopha.2017.03.026
https://doi.org/10.1016/j.bcp.2006.08.001
https://doi.org/10.1186/s10020-022-00432-5
https://doi.org/10.1002/cbf.3413
https://doi.org/10.3389/fimmu.2023.1024120
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Long et al. 10.3389/fimmu.2023.1024120
116. Yuan K, Zhu Q, Lu Q, Jiang H, ZhuM, Li X, et al. Quercetin alleviates rheumatoid
arthritis by inhibiting neutrophil inflammatory activities. J Nutr Biochem (2020)
84:108454. doi: 10.1016/j.jnutbio.2020.108454

117. Costa ACF, de Sousa LM, Dos Santos Alves JM, Goes P, Pereira KMA, Alves
APNN, et al. Anti-inflammatory and hepatoprotective effects of quercetin in an
experimental model of rheumatoid arthritis. Inflammation (2021) 44:2033–43.
doi: 10.1007/s10753-021-01479-y

118. Ibrahim SSA, Kandil LS, Ragab GM, El-Sayyad SM. 26b, 20a inversely correlate
with GSK-3 beta/NF-kappaB/NLRP-3 pathway to highlight the additive promising effects
of atorvastatin and quercetin in experimental induced arthritis. Int Immunopharmacol
(2021) 99:108042. doi: 10.1016/j.intimp.2021.108042

119. Gardi C, Bauerova K, Stringa B, Kuncirova V, Slovak L, Ponist S, et al. Quercetin
reduced inflammation and increased antioxidant defense in rat adjuvant arthritis. Arch
Biochem Biophys (2015) 583:150–7. doi: 10.1016/j.abb.2015.08.008

120. Chedea VS, Vicaş SI, Sticozzi C, Pessina F, Frosini M, Maioli E, et al. Resveratrol:
from diet to topical usage. Food Funct (2017) 8(11):3879–3892. doi: 10.1039/
C7FO01086A

121. Kim HJ, Chang EJ, Cho SH, Chung SK, Park HD, Choi SW, et al. Antioxidative
activity of resveratrol and its derivatives isolated from seeds of paeonia lactiflora. Biosci
Biotechnol Biochem (2002) 66(9):1990–3. doi: 10.1271/bbb.66.1990

122. Wei Y, Jia J, Jin X, Tong W, Tian H. Resveratrol ameliorates inflammatory
damage and protects against osteoarthritis in a rat model of osteoarthritis. Mol Med Rep
(2018) 17(1):1493–1498. doi: 10.3892/mmr.2017.8036
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214. Rıós JL, Recio MC, Giner RM, Máñez S. An update review of saffron and its active
constituents. Phytother Res (1996) 10(3):189–93. doi: 10.1002/(SICI)1099-1573(199605)
10:3<189:AID-PTR754>3.0.CO;2-C

215. Mollazadeh H, Emami SA, Hosseinzadeh H. Razi's Al-hawi and saffron (Crocus
sativus): a review. Iran J Basic Med Sci (2015) 18(2):1153–66.

216. Hosseinzadeh H, Nassiri-Asl M. Avicenna's (Ibn sina) the canon of medicine and
saffron (Crocus sativus): a review. Phytother Res (2013) 27(4):475–83. doi: 10.1002/ptr.4784

217. Gohari AR, Saeidnia S, Mahmoodabadi MK. An overview on saffron,
phytochemicals, and medicinal properties. Pharmacogn Rev (2013) 7(13):61–6.
doi: 10.4103/0973-7847.112850

218. Baghishani F, Mohammadipour A, Hosseinzadeh H, Hosseini M, Ebrahimzadeh-
Bideskan A. The effects of tramadol administration on hippocampal cell apoptosis,
learning and memory in adult rats and neuroprotective effects of crocin. Metab Brain
Dis (2018) 33(3):907–16. doi: 10.1007/s11011-018-0194-6

219. Haeri P, Mohammadipour A, Heidari Z, Ebrahimzadeh-Bideskan A. Neuroprotective
effect of crocin on substantia nigra in MPTP-induced parkinson's disease model of mice. Anat
Sci Int (2019) 94(1):119–27. doi: 10.1007/s12565-018-0457-7

220. Ebrahimi B, Vafaei S, Rastegar-Moghaddam SHR, Hosseini M, Tajik Yabr F,
Mohammadipour A. Crocin administration from childhood to adulthood increases
hippocampal neurogenesis and synaptogenesis in Male MiceJournal of kerman
university of medical sciences. J Kerman Univ Med Sci (2021) 28(3):243–51.
doi: 10.22062/jkmu.2021.91664

221. Shafiee M, Arekhi S, Omranzadeh A, Sahebkar A. Saffron in the treatment of
depression, anxiety and other mental disorders: Current evidence and potential
mechanisms of action. J Affect Disord (2018) 227:330–7. doi: 10.1016/j.jad.2017.11.020

222. Vafaei S, Motejaded F, Ebrahimzadeh-bideskan A. Protective effect of crocin on
electromagnetic field-induced testicular damage and heat shock protein A2 expression in
Male BALB/c mice. Iran J Basic Med Sci (2020) 23(1):102–10. doi: 10.22038/
ijbms.2019.38896.9229

223. Hatziagapiou K, Kakouri E, Lambrou GI, Bethanis K, Tarantilis PA. Antioxidant
properties of crocus sativus l. and its constituents and relevance to neurodegenerative
diseases; focus on alzheimer's and parkinson's disease. Curr Neuropharmacol (2019) 17
(4):377–402. doi: 10.2174/1570159x16666180321095705

224. Lv B, Huo F, Zhu Z, Xu Z, Dang X, Chen T. Crocin upregulates CX3CR1
expression by suppressing NF-Kb/yy1 signaling and inhibiting lipopolysaccharide-
induced microglial activation. Neurochem Res (2016) 41(8):1949–57. doi: 10.1007/
s11064-016-1905-1

225. Korani S, Korani M, Sathyapalan T, Sahebkar A. Therapeutic effects of crocin in
autoimmune diseases: A review. Biofactors (2019) 45(6):835–43. doi: 10.1002/biof.1557

226. Hemshekhar M, Sebastin Santhosh M, Sunitha K, Thushara RM, Kemparaju K,
Rangappa KS. A dietary colorant crocin mitigates arthritis and associated secondary
complications by modulating cartilage deteriorating enzymes, inflammatory mediators and
antioxidant status. Biochimie (2012) 94(12):2723–33. doi: 10.1016/j.biochi.2012.08.013

227. Hu Y, Liu X, Xia Q, Yin T, Bai C, Wang Z. Comparative anti-arthritic
investigation of iridoid glycosides and crocetin derivatives from gardenia jasminoides
Ellis in freund's complete adjuvant-induced arthritis in rats. Phytomedicine (2019) 53
(2):223–33. doi: 10.1016/j.phymed.2018.07.005

228. Liu W, Sun Y, Cheng Z, Guo Y, Liu P, Wen Y. Crocin exerts anti-inflammatory
and anti-arthritic effects on type II collagen-induced arthritis in rats. Pharm Biol (2019) 56
(1):209–16. doi: 10.1080/13880209.2018.1448874

229. Li X, Jiang C, Zhu W. Crocin reduces the inflammation response in rheumatoid
arthritis. biosci. biotechnol. Biochem (2017) 81(5):891–8. doi: 10.1080/09168451.2016.1263145

230. Li L, Zhang H, Jin S, Liu C. Effects of crocin on inflammatory activities in human
fibroblast-like synoviocytes and collagen-induced arthritis in mice. Immunol Res (2018)
66(3):406–13. doi: 10.1007/s12026-018-8999-2

231. Wang JF, Xu HJ, He ZL, Yin Q, Cheng W. Crocin alleviates pain hyperalgesia in
AIA rats by inhibiting the spinal Wnt5a/b-catenin signaling pathway and glial activation.
Neural Plast (2020) 4297483. doi: 10.1155/2020/4297483

232. Mao QQ, Xu XY, Cao SY, Gan RY, Corke H, Beta T, et al. Bioactive compounds
and bioactivities of ginger (Zingiber officinale Roscoe). Foods (2019) 8(6):185.
doi: 10.3390/foods8060185

233. Lindblad AJ, Koppula S. Ginger for nausea and vomiting of pregnancy. Can Fam
Physician. (2016) 62(2):145.

234. Kiyama R. Nutritional implications of ginger: chemistry, biological activities and
signaling pathways. J Nutr Biochem (2020) 86:108486. doi: 10.1016/j.jnutbio.2020.108486

235. Letarouilly JG, Sanchez P, Nguyen Y, Sigaux J, Czernichow S, Flipo RM, et al.
Efficacy of spice supplementation in rheumatoid arthritis: A systematic literature review.
Nutrients (2020) 12(12):3800. doi: 10.3390/nu12123800

236. Kiuchi F, Iwakami S, Shibuya M, Hanaoka F, Sankawa U. Inhibition of
prostaglandin and leukotriene biosynthesis by gingerols and diarylheptanoids. Chem
Pharm Bull (1992) 40(2):387–91. doi: 10.1248/cpb.40.387

237. Ribel-Madsen S, Bartels EM, Stockmarr A, Borgwardt A, Cornett C, Danneskiold-
Samsøe B, et al. A synoviocyte model for osteoarthritis and rheumatoid arthritis: response
Frontiers in Immunology 32
to ibuprofen, betamethasone, and ginger extract-a cross-sectional in vitro study. Arthritis
(2012) 2012:505842. doi: 10.1155/2012/505842

238. Young HY, Luo YL, Cheng HY, Hsieh WC, Liao JC, Peng WH. Analgesic and
anti-inflammatory activities of [6]-gingerol. J Ethnopharmacol (2005) 96(1-2):207–10.
doi: 10.1016/j.jep.2004.09.009

239. Ojewole JA. Analgesic, antiinflammatory and hypoglycaemic effects of ethanol
extract of zingiber officinale (Roscoe) rhizomes (Zingiberaceae) in mice and rats.
Phytother Res (2006) 20(9):764–72. doi: 10.1002/ptr.1952

240. Srivastava KC, Mustafa T. Ginger (Zingiber officinale) in rheumatism and
musculoskeletal disorders. Med Hypotheses (1992) 39(4):342–8. doi: 10.1016/0306-9877
(92)90059-l

241. van Breemen RB, Tao Y, Li W. Cyclooxygenase-2 inhibitors in ginger (Zingiber
officinale). Fitoterapia (2011) 82(1):38–43. doi: 10.1016/j.fitote.2010.09.004

242. Grzanna R, Lindmark L, Frondoza CG. Ginger–an herbal medicinal product with
broad anti-inflammatory actions. J Med Food (2005) 8(2):125–32. doi: 10.1089/
jmf.2005.8.125

243. Nurtjahja-Tjendraputra E, Ammit AJ, Roufogalis BD, Tran VH, Duke CC.
Effective anti-platelet and COX-1 enzyme inhibitors from pungent constituents of
ginger. Thromb Res (2003) 111(4-5):259–65. doi: 10.1016/j.thromres.2003.09.009

244. Tripathi S, Bruch D, Kittur DS. Ginger extract inhibits LPS induced macrophage
activation and function. BMC Complement Altern Med (2008) 8:1. doi: 10.1186/1472-
6882-8-1

245. Lee HY, Park SH, Lee M. 1-Dehydro-[10]-gingerdione from ginger inhibits IKKb
activity for NF-kB activation and suppresses NF-kB-regulated expression of
inflammatory genes. Br J Pharmacol (2012) 167(1):128–40. doi: 10.1111/j.1476-
5381.2012.01980.x

246. Hariri M, Ghiasvand R. Cinnamon and chronic diseases. Adv Exp Med Biol
(2016) 929:1–24. doi: 10.1007/978-3-319-41342-6_1

247. Gruenwald J, Freder J, Armbruester N. Cinnamon and health. Crit Rev Food Sci
Nutr (2010) 50(9):822–34. doi: 10.1080/10408390902773052

248. Cao H, Urban JFJr, Anderson RA. Cinnamon polyphenol extract affects immune
responses by regulating anti- and proinflammatory and glucose transporter gene
expression in mouse macrophages. J Nutr (2008) 138(5):833–40. doi: 10.1093/jn/
138.5.833

249. Sharma S, Mandal A, Kant R, Jachak S, Jagzape M. Is cinnamon efficacious for
glycaemic control in type-2 diabetes mellitus? J Pak Med Assoc (2020) 70(11):2065–9.

250. Wu SJ, Ng LT, Lin CC. Cinnamaldehyde-induced apoptosis in human PLC/PRF/
5 cells through activation of the proapoptotic bcl-2 family proteins and MAPK pathway.
Life Sci (2005) 77(8):938–51. doi: 10.1016/j.lfs.2005.02.005

251. Reddy AM, Seo JH, Ryu SY, Kim YS, Kim YS, Min KR, et al. Cinnamaldehyde and
2-methoxycinnamaldehyde as NF-kappaB inhibitors from cinnamomum cassia. Planta
Med (2004) 70(9):823–7. doi: 10.1055/s-2004-827230

252. Youn HS, Lee JK, Choi YJ, Saitoh SI, Miyake K, Hwang DH, et al.
Cinnamaldehyde suppresses toll-like receptor 4 activation mediated through the
inhibition of receptor oligomerization. Biochem Pharmacol (2008) 75(2):494–502.
doi: 10.1016/j.bcp.2007.08.033

253. Kowalska J, Tyburski J, Matysiak K, Jakubowska M, Łukaszyk J, Krzymińska J.
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