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Effect of curcumin on
rheumatoid arthritis: a
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and meta-analysis
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University, Xi‘an, Shaanxi, China, 2Department of Medical Technology, Guiyang Healthcare Vocational
University, Guiyang, Guizhou, China

Objective: The aim of this study is to evaluate the effectiveness and safety of
curcumin in rheumatoid arthritis patients.

Methods: A computerized search from PubMed, Embase, Cochrane Library, and
Web of Science databases was performed until 3 March 2023. Literature
screening, basic data extraction and risk of bias evaluation were independently
performed by two researchers each. The quality evaluation of the literature was
performed according to the Cochrane Handbook for Risk of Bias Assessment
tool for treatment evaluation.

Results: The current study includes six publications covering 539 rheumatoid
arthritis patients. The activity of rheumatoid arthritis was assessed using
erythrocyte sedimentation rate (ESR), C-reactive protein (CRP), protein, disease
activity score (DAS), rheumatoid factor (RF), Visual Analogue Scale (VAS) pain,
tender joint count (TJC) and swollen joint count (SJC). ESR (MD = -29.47, 95% ClI
[-54.05, -4.88], Z=2.35, P = 0.02), DAS28 (MD = -1.20, 95% CI [-1.85, -0.55],
Z=3.62, P = 0.0003), SIJC (MD = -5.33, 95% CI [-9.90, -0.76], Z = 2.29, P = 0.02)
and TJC (MD = -6.33, 95% CI [-10.86, -1.81], Z = 2.74, P = 0.006) showed
significantly change in experimental patients compared with controls.

Conclusion: Curcumin is beneficial for rheumatoid arthritis treatment.
Inflammation levels and clinical symptoms in patients with rheumatoid arthritis
can be improved by curcumin supplementation. Large sample randomized
controlled trials on the effects of curcumin on patients with rheumatoid
arthritis are needed in the future.

Systematic review registration: https://www.crd.york.ac.uk/PROSPERO/,
identifier (CRD42022361992).
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1 Introduction

Rheumatoid arthritis (RA) is a common autoimmune arthritis
disease, characterized by a chronic recurrent symmetrical polyarthritis
(1). In most cases, rheumatoid arthritis has an insidious onset with one
or more swelling joints at the beginning of the disease (2). Proximal
interphalangeal, metacarpophalangeal, wrist and foot joints are more
common to suffer from swelling (3). Rheumatoid arthritis patients also
have symptomatic joint congestion and edema, tenderness, stiffness,
joint pain. Most joint swelling and redness occur in the morning and
evening in acute attacks, fluid exudation occurs in chronic phase, and
joint muscle atrophy and joint deformity are likely accompanied in the
late stage of the disease (4). In addition, rheumatoid arthritis can lead to
some complications such as fever, insomnia, anxiety, depression,
pulmonary fibrosis, anemia, leukopenia, ocular sclerosis, leg ulcers
(5). Chronic inflammation in rheumatoid arthritis leads to damage to
cartilage and bone, resulting in cartilage erosion, bone degeneration,
and joint deformity and loss of range of motion (6). One study in
Danish adults reported that the average prevalence and incidence of
rheumatoid arthritis was approximately twice as high in women as in
men (7). Rheumatoid arthritis not only bring physical harm, but also
affect mental health (8). The disease leads to unbearable repeated pain
and endless medication to patients and is also known as the “invisible
killer”. Nevertheless, rheumatoid arthritis can achieve good control of
symptoms and avoid joint deformity by early diagnosis and
treatment (9).

Rheumatoid arthritis is very ‘sneaky’, often undetectable and
easily confused with other diseases in its early stage, and can get
progressively worse over time (10). The clinical treatment for
rheumatoid arthritis includes pain medication, physical therapy
and, in some cases, essential surgery. The existing disease-
modifying antirheumatic drugs (DMARDs) can be broadly divided
into three categories: conventionally synthesized DMARDs (e.g.,
methotrexate), targeted synthetic DMARDs (e.g., pan-JAK and
JAK1/2 inhibitors), and biological DMARDs (e.g., (TNF) -o
inhibitors, IL-6R inhibitors) (11). DMARDs for rheumatoid
arthritis treatment have the potential to greatly improve disease
symptoms and prevent disease progression. Meanwhile, DMARDs
produce gastrointestinal toxicity and side effects of cardiovascular
disease and result in high economic costs (12). Different formulations
of traditional Chinese medicine (THM) have been shown to have
anti-rheumatoid arthritis effects and improve some symptoms. The
traditional Chinese medicine prescriptions for rheumatoid arthritis

Abbreviations: All AEs, All adverse events; All SAEs, All adverse serious events;
BMI, body mass index; CRP, C-reactive protein; DAS28, Disease Activity Score
with 28-joint counts; DAS, disease activity score; ESR, erythrocyte sedimentation
rate; FBS, fasting blood sugar; GH, Global Health; GPx, glutathione peroxidase;
HAQ, health assessment questionnaire; hs-CRP, high-sensitivity C-reactive
protein; IL, Interleukin; KOA, Knee osteoarthritis; MD, mean difference; MDA,
malon-dialdehyde; NAC, N-acetylcysteine; NO, nitric oxide; NTJ, number of
tender joints; NSJ, number of swollen joints; OR, odds ratio; PRISMA, Preferred
Reporting Items for Systematic Reviews and Meta-Analyses; PtGA, Patient global
assessment; RA, Rheumatoid Arthritis; RCT, randomized controlled trial; RF,
rheumatoid factor; SD, Standard deviation; TAC, total antioxidant capacity; TC,
total cholesterol; TG, triglyceride; VAS, Visual Analogue Scale.
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have the potential to improve the symptoms and delay the
progression of this chronic disease (13).

Turmeric is a perennial herb belonging to the genus Curcuma in
the family Zingiberaceae. Curcumin is the most important chemical
component of turmeric, which can exert antioxidant, anti-
inflammatory, anti-angiogenic and anti-tumor pharmacological
effects without significant adverse effects (14). Previous studies
have shown that curcumin and curcuminoids in turmeric could
provide good protection against many chronic diseases in the body
by inhibiting inflammatory responses, lowering blood lipids, and
improving blood sugar (15). Curcumin in turmeric can effectively
inhibit inflammatory reactions and reduce symptoms such as pain
and swelling. In recent years, it was found that curcumin could
alleviate some symptoms in some autoimmune diseases such as
rheumatoid arthritis and inflammatory bowel disease (16). The
researchers have conducted numerous studies to evaluate the
pharmacological effects and clinical applications of turmeric and
curcumin on rheumatoid arthritis treatment (17).

In this systematic review and meta-analysis, we investigated the
effectiveness and safety of curcumin on the treatment of
rheumatoid arthritis based on 10 randomized controlled trials
(RCTs). We summarized and analyzed both laboratory test
factors and clinical test indicators to evaluate the anti-
inflammation and immunomodulatory function of supplementary
curcumin on rheumatoid arthritis treatment.

2 Methods
2.1 Search strategy

This systematic review was conducted according to the Preferred
Reporting Items guidelines for systematic reviews and meta-analyses. A
computerized search from PubMed, Embase, Cochrane Library, and
Web of Science databases was performed until 3 March 2023. The
quality evaluation of the literature was performed according to the
Cochrane Handbook for Risk of Bias Assessment tool for treatment
evaluation. This systematic review has been prospectively registered on
the ROSPERO website under the ID number CRD42022361992.The
computerized search is constructed by combining subject headings and
free words. According to different databases, manual searches
combined subject headings and keywords with relevant references.
The search key words are: ((“Arthritis, Rheumatoid”[Mesh]) OR
(Rheumatoid Arthritis[ Title/Abstract])) AND ((“Curcumin”[Mesh])
OR (1,6-Heptadiene-3,5-dione, 1,7-bis(4-hydroxy-3-methoxyphenyl)-,
(E,E)-[Title/Abstract]) OR (Turmeric Yellow[Title/Abstract]) OR
(Yellow, Turmeric[Title/Abstract]) OR (Curcumin Phytosome[Title/
Abstract]) OR (Phytosome, Curcumin[Title/Abstract]) OR
(Diferuloylmethane[Title/Abstract]) OR (Mervia[Title/Abstract]))
using Boolean operators.

2.2 Study selection

The imported literature was checked and selected by Endnote
literature management software. Literature screening, basic data
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extraction and risk of bias evaluation were independently
performed by two researchers following the established inclusion
and exclusion criteria. In case of disagreement, they cross-checked
the information through mutual discussion or based on third-
party rulings.

2.3 Inclusion criteria

(1) Study design. Randomized controlled trial of clinical trial
study. (2) Study subjects. Patients with rheumatoid arthritis who
met the diagnostic criteria for index impairment regardless of age,
sex, or race. (3) Interventions. Curcumin supplements were
administered to the treatment group; non-curcumin supplements,
such as standard clinical treatment, or placebo, were administered
to the control group. (4) Results-based measures. The primary
outcome measure was the symptom resolution or functional score
improvement after medication. The secondary outcome measures
were some adverse effects.

2.4 Exclusion criteria

(1) RCT patients with rheumatoid arthritis combined with knee
osteoarthritis or other joint diseases. (2) The types of experimental
studies are pharmacological tests, animal experiments or cohort
studies. (3) Patients with severe heart, brain, kidney disease and
malignant tumors; (4) Case reports, conference papers and related
reviews. (5) Publications with repeated indicators. (6) Data error,
unable to obtain full text of literature. (7) Literature with incomplete
outcome measures or literature without outcome measures.

2.5 Quality assessment

The Newcastle Ottawa scale (NOS) was used to evaluate the
quality of the literature with 3 items and 9 sub-items (18). The
evaluation of the scores was classed into four types: 4 points for
cases and controls involving the sufficient data of the case, the
representativeness of the case, the selection of the control and
the definition of the control), 3 points for the exposure including the
determination of the exposure, whether the same determination
method was used for the exposure of the case and the control, and
the non-response rate, and 2 points for the comparability of the case
and the control based on design or analysis. The full score was 9
points, and > 5 points means high-quality literature.

2.6 Bias assessment

The methodological quality of the included articles were
evaluated according to the “Bias Risk Assessment” tool in
Cochrane Reviewer’s Handbook 5.1 part. Finally, three quality
results of the literature were judged, including “low risk of bias”,
“high risk of bias” and “uncertain risk of bias”. The methodological
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quality of the included articles was independently assessed and
cross-checked by two investigators to assess the risk of bias. They
consult a third party when questions or opinions were inconsistent.

2.7 Data extraction

The data were independently screened, extracted and cross-
checked the literature by two researchers, and those with different
opinions were handed over to a third party for consultation. The
extracted data include: (1) basic information of patients (author,
year, etc.); (2) baseline characteristics and interventions of study
subjects; (3) key content of risk of bias assessment; (4) outcome
measures of interest and data results. If necessary, they contacted
the original author for relevant missing data.

2.8 Statistical analysis

RevMan 5.4 and Stata 17 software were used to analyze the data.
The q-test was used to assess study heterogeneity. The fixed-effect
model was selected to analyze study data in case of P>0.1 and I* <
50%, indicating homogeneity among the studies. Conversely, P<0.1
and I*>50% indicated that the heterogeneity of the studies was large
and the random-effects model was selected to analyze the studies.
The standardized mean difference (SMD) was used to analyze
continuous variables, and odds ratio (OR) was used to analyze
dichotomous variables. Each effect measure was expressed with 95%
confidence interval (CI). Stata 17.0 was used to plot publication
bias, and Review Manager 5.4.1 software was used to evaluate the
quality of the literature.

3 Results
3.1 Search results

A total of 135 articles were retrieved from four databases, with
20, 60, 15, 39 and 1 articles in the Cochrane Library, PubMed,
Embase, Web of Science and google respectively. After checking the
titles and abstracts, articles not related to the topic were excluded
and the remaining 101 articles were fully checked for further
analysis. Seventy-seven interventions that did not meet the
inclusion criteria and 14 articles with unclear results were
excluded. Finally, 10 articles were included. The specific screening
process was shown in Figure 1.

3.2 Study characteristics

The screened ten clinical trials included 539 patients, mainly
from Middle East and South Asia, small section from China (19-
28). Curcumin was administered to the treatment group, while
other drugs or placebo were administered to the control group. The
basic characteristics of the included studies are presented in Table 1.
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% Embase (15), Cochrane Library
3 (20) and Web of Science (39)
Records after duplicates
=4 removed (n=34)
=
8
& I Records screened (n=101) | Records excluded (n=77) after

title and abstract, with reasons:
- Animal or cell experiment (30)
- Reviews or meta (42)

- Meeting (5)

E
3
5
]

Full-text trials assessed
for eligibility (n=24)

Full-text trial excludes (n=14),
with reasons:

- Not Sufficient (7)

- Not revelant (7)

Trials included inmeta-analysis
(n=10)

lincluded

FIGURE 1
Flow chart of the study’s screening process. RCT, randomized
controlled trial.

3.3 Risk of bias assessment

The risk of bias assessment for the included articles was shown
in Figure 2. This systematic assessment and meta-analysis risk of
bias was assessed as moderate, with 2 studies with random sequence
generation as highly biased and 1 unknown, 1 study with allocation
concealment as highly biased and 1 unknown, 3 studies with

TABLE 1 Baseline characteristics of curcumin study participants.

10.3389/fimmu.2023.1121655

blinding of participants and personnel as highly biased and 1
unknown, 2 studies blinding of outcome assessment as highly
biased and 1 unknown, 1 study with selective reporting as highly
biased, no study with incomplete outcome data, and 2 other studies
with bias unknown.

3.4 Efficacy

3.4.1 Changes from controls in
laboratory measurements

Nine trials were conducted using a meta-analysis to determine
the mean change in the usage of curcumin in rheumatoid arthritis
patients (19-26, 28) and the results were shown in Figure 3. The
results of heterogeneity analysis showed that statistical
heterogeneity of the laboratory test factors was existed in the
studies and therefore the random effects model was used. In
comparison to the control group, the effect of ESR (MD = -29.47,
95% CI [-54.05, -4.88], Z = 2.35, P = 0.02; Figure 3) and CRP (MD =
-0.93, 95% CI [-1.33, -0.53], Z = 4.54, P < 0.00001; Figure 3) was
significantly different in patients in the experimental group.
Rheumatoid arthritis patients who take curcumin have improved
greatly in ESR and CRP. The effect of curcumin on total protein
(MD = 0.96, 95% CI [0.39, 1.52], Z = 3.31, P = 0.0009; Figure 3) in

Reference Age Females Areas Treatment Strategies Outcomes  Quality
score

A.Amalraj2017 36 382 15 India Twelve patients in each group received placebo, 250 or 500 mg of the 8
(21) (8.5) (41.7%) curcumin product twice daily for 90 days.
B.Chandran2012 45 47.88 38 India | Forty-five patients diagnosed with RA were randomized into three 7
(22) (12.03) (84.4%) groups with patients receiving curcumin (500 mg) and diclofenac

sodium (50 mg) alone or their combination.
F.P.Zarandi2022 44 50.52 44 Iran The patients were treated with curcumin (500 mg once a day) or 6
(23) 9.7) (100%) placebo for 8 weeks.
M.Javadi2019(24) 49 55.02 44 Iran Curcumin nanomicelle (40 mg) and placebo capsules were 6

(2.9) (89.8%) administrated to the RA patients 3 times a day for 12 weeks.

S.D.Deodhar1980 18 36.3 16 India 18 patients with 'definite’ rbeumatoid arthritis to compare the 6
(25) (88.9%) antirbeumatic activity of curcumin (diferuloyl methane) 1200,mg/day

with phenylbutazone 300mg/day.
A.A Hemmati2016 60 NR NR Iran One group received compound herbal drug named Curcumex consist of 7
(26) and control group received placebo as a same dose. @
M.K.Khan2022 90 45-60 NR India Ninety patients were randomised into two groups. Curcumin dosed at ©60) 6
(27) years 180 mg/day was given orally to both groups. The treatment regimen

was distributed as 3 sessions/week.
D.Anusha2019 45 429 45 Iran A triple-blinded controlled trial was conducted among 45 female RA @O 6
(28) (4.8) (100%) patients with CP randomized into three treatment groups as follows.
J.Lin(29) 128 46.7 65 China RA patients were randomly divided into control and treatment groups, © 5

(7.9) (50.8%) with the control group receiving oral methotrexate and the treatment

group receiving methotrexate combined with oral curcumin.

J.Jacob(30) 24 45-60 12 India Patients were randomized in 1:1:1 ratio to receive 250 mg, 500 mg 7
years (50%) curcumin or placebo as one capsule a day, over a period of three ®
months.

BMI, body mass index; NR, not reported. Outcomes: ® DAS28, Disease Activity Score; @ ACR, American College of Rheumatology; ® VAS, Visual analogue scale; ® ESR, erythrocyte
sedimentation rate; ® CRP, C-reactive protein; © Swollen joint count; @ Tender joint count; ® Morning stiffness; © RF, Rheumatoid Factor.
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FIGURE 2

Risk of bias in the selected studies

cases and controls was only reported by two studies (17, 19). The
overall effect of the laboratory test factors was improved for
rheumatoid arthritis patients.

3.4.2 Change from control in
clinical measurements

A meta-analysis evaluating the mean change in the usage of
curcumin in patients with rheumatoid arthritis included eight trials
(experimental group (n = 137) and the control group (n = 136)) (19,
20, 22, 24-28). The heterogeneity analysis showed that there was
statistical heterogeneity in the clinical test indicators (Figure 4). The
results of effect test showed that the favor indicators of curcumin for
the rheumatoid arthritis include: DAS28 (MD = -1.20, 95% CI
[-1.85,-0.55], Z = 3.62, P = 0.0003; Figure 4), RF (MD = -24.15, 95%
CI [-36.47, -11.83], Z = 3.84, P = 0.0001; Figure 4), VAS
(MD = -5.32, 95% CI [-9.42, -1.22], Z = 2.54, P = 0.01; Figure 4),
SJC (MD = -5.33,95% CI [-9.90, -0.76], Z = 2.29, P = 0.02; Figure 4)
and TJC (MD = -6.33, 95% CI [-10.86, -1.81], Z = 2.74, P = 0.006;
Figure 4). Rheumatoid arthritis patients in the experimental group
added with curcumin did not gain more benefit ACR20 (MD = 0.96,
95% CI [0.39, 1.52], Z=3.31, P = 0.0009; Figure 4) than those in the
control group. The overall effect of the clinical test indicators was
improved for rheumatoid arthritis patients.

Curcumin Control Mean Difference Mean Difference

1.1.1ESR
A.AHemmati2016 215 1267 15 3847 18.92 15 08% -16.97 [-28.49, -5.45] -
AAmalraj2017 212 29 12 1269 173 12 1.0% -10570[-11562,-9578] ¢
B.Chandran2012 2486 177 14 2475 135 12 07% 0.1 [-11.90, 12.12] -1
D.Anusha2019 526 523 15 545 483 14 53% -1.90 [-5.56, 1.76] T
F.P.Zarandi2022 1609 983 22 245 737 22 32% -8.41[-13.54,-3.28] -
J.Jacob2019 205 4.98 8 130.75 19.57 8  05% -110.25[-124.24,-96.26]
M.Javadi2019 2033 1199 24 2112 1512 25 16% 079 [-8.41,6.83] -IT-
S.D.Deodhar1980 456 102 9 395 138 9 08% 6.10[-5.11,17.31] T
Subtotal (95% CI) 7 14.0%  -20.47[-54.05,-4.88] ———
Heterogeneity: Tau? = 1233.14; Chi = 585,07, df =7 (P < 0.00001); = 99%
Test for overall effect: Z = 2.35 (P = 0.02)
112¢cRP
AAmalraj2017 059 008 12 108 015 12 159% -0.49[-0.59,-0.39]
BChandran202 256 18 14 335 25 12 111% -0.791:2.49,091]
D.Anusha2019 2034 246 15 2228 257 14 106% -1.94[-3.77,-0.11] |
F.P.Zarandi2022 1613 1156 22 2244 112 22 20% -6.31[-13.04,0.42] —
J.Jacob2019 062 0.06 8 105 013 8 159% -0.43[-0.53,-0.33]
MK Khan2022 1107 42 5 34 42 137%  -390[495-285
Subtotal (95% CI) 13 10 69.4% 0.93[1.33, 053]
Heterogeneity: Tau? = 0.10; Chi = 47.23, df = 5 (P < 0.00001); I* = 89%
Test for overalleffect: Z = 4.54 (P < 0.00001)
1.1.3 Protein
AAmalraj2017 713 079 12 616 062 12 152% 0.97 [0.40, 1.54]
F.P Zarandi2022 7585 1369 22 7759 1407 22 14% -1.74 [-9.94, 6.46] -
Subtotal (95% CI) 34 34 167% 0.96[0.39, 1.52]
Heterogeneity: Tau? = 0.00; Chi* = 0.42, df = 1 (P = 0.52); I = 0%
Test for overall effect: Z = 3.31 (P = 0.0009)
Total (95% Cl) 266 261 100.0% -3.09 [4.12, -2.06] ‘
Heterogeneity: Tau® = 1.73; Chi* = 759.33, df = 15 (P < 0.00001); I = 98% 50 25 25 50
Test for overall effect: Z = 5.8 (P < 0.00001) Favours [curcumin]  Favours [control]
Test for subaroun diflerences: Chi* = 3378, df =2 (P < 0.00001). = 94.1%

FIGURE 3

Effect of curcumin and placebo in the comparison of laboratory
measurements in patients with RA.
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3.4.3 Meta-analysis of subgroups of changes in
clinical and laboratory indicators

Stratification of eligible studies was conducted to three groups
including Indians (5 studies), Iranians (4 studies) and Chinese
(1study). The results of heterogeneity analysis of combined CRP in
Iranians and combined SJC in Indian was homogeneity
(Supplementary Figures 1-3). The results of pooled ORs,
heterogeneity and publication bias analysis in these subgroups
were shown in Table 2. There was less heterogeneity in the
subgroups compared with overall results. In addition, meta-
regression analysis was employed to investigate the effect of total
score (NOS) on heterogeneity, and the results indicate that the
methodological quality of the study did not affect the
results (Table 3).

3.5 Sensitivity analysis and meta-analysis of
publication bias

The effect data were conducted in sensitivity and publication
bias analyses. The results of overall sensitivity analyses
demonstrated that the results of ESR, CRP and DAS were robust
and omitting one of studies in these three test factors would not
significantly affect the overall measured outcome (Figure 5). The
results of funnel plot showed that there was no significant evidence
of asymmetry in the shape of the funnel plot, indicating no
publication bias (Supplementary Figure 4). The results from
Begg’s test and Egger’s tests in Table 2 indicated that there was
no publish bias.

3.6 Safety

In these ten studies, only one trial reported slight adverse events
such as signs of rash, diarrhea, and vomiting. The fixed model was
used and the result in Figure 5 showed that curcumin supplement
was safe for patients in experimental group compared with control
group (OR=0.38, 95% CI [0.07 - 2.04], Z=1.13, P = 0.26; Figure 6).

4 Discussion

This systematic review and meta-analysis involved a total of ten
studies and indicated that curcumin supplementation is one of the
effective treatments for rheumatoid arthritis. The articles included in the
analyses were generally different, but all passed through a complete
statistical school. Although there was heterogeneity in the included
articles, meta-analysis showed that factors such as patient age,
rheumatoid arthritis history, serum abnormalities and threshold did
not alter estimates of prognosis. The results of the current study showed
that curcumin supplementation was effective in reducing clinical
symptoms in the treatment of rheumatic diseases, and the use of
curcumin supplementation in rheumatoid arthritis patients could
reduce the possibility of unpleasant consequences.

Rheumatoid arthritis is this systemic inflammatory arthritis with
a lifetime prevalence of up to 1% worldwide (29). Rheumatoid
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Curcumin Control Mean Difference Mean Difference

1.2.1 DAS

A.AHemmati2016 329 089 15 551 072 15 56% -2.22[-2.80, -1.64]

A Amalraj2017 18 036 12 353 047 12 57% -1.73[-2.06, -1.40]

B.Chandran2012 355 0.73 14 389 143 12 5.5% -0.34 [-1.23, 0.55]

J.Jacob2019 159 037 8 353 049 8 57% -1.94[-2.37, -1.51]

J.Lin2019 228 08 64 307 081 64  57% -0.79 [-1.07, -0.51]

M.Javadi2019 287 074 24 29 102 25  56% -0.03 [-0.53, 0.47]

Subtotal (95% CI) 137 136 33.8% -1.20 [-1.85, -0.55] [

Heterogeneity: Tau® = 0.59; Chi* = 66.17, df = 5 (P < 0.00001); I* = 92%
Test for overall effect: Z = 3.62 (P = 0.0003)

1.2.2RF

A.Amalraj2017 238 6 12 728 245 12 0.6% -49.00 [-63.27, -34.73] —

D.Anusha2019 4813 423 15 4886 4.16 14  4.1%  -0.73(-3.78,2.32] T
J.Jacob2019 2115 269 8 756 17.73 8 0.8% -54.45 [-66.88, -42.02] -

M.K.Khan2022 15.6 21 42 21.34 44 42 5.2% -5.74 [-7.21, -4.27] -
Subtotal (95% CI) 77 76 10.7% -24.15[-36.47, -11.83] i

Heterogeneity: Tau? = 137.21; Chiz = 104.65, df = 3 (P < 0.00001); I = 97%
Test for overall effect: Z = 3.84 (P = 0.0001)

1.2.3 ACR20
A.Amalraj2017 713 079 12 616 062 12 5.6% 0.97 [0.40, 1.54]
F.P.Zarandi2022 75.85 13.69 22 7759 14.07 22 1.5% -1.74 [-9.94, 6.46] R
Subtotal (95% Cl) 34 34 7.4% 0.96[0.39, 1.52]

Heterogeneity: Tau? = 0.00; Chi = 0.42, df = 1 (P = 0.52); I* = 0%
Test for overall effect: Z = 3.31 (P = 0.0009)

1.2.4 VAS

A.Amalraj2017 221 045 12 684 063 12 57% -4.63 [-5.07, -4.19]

B.Chandran2012 275 935 14 3917 2041 12 08%  -11.67 [-24.05,0.71]

J.Jacob2019 2 0 8 682 076 8 Not estimable

Subtotal (95% Cl) 34 32 64%  -5.32[-9.42,-1.22] L 4

Heterogeneity: Tau® = 4.80; Chi? = 1.24, df = 1 (P = 0.27); I = 19%
Test for overall effect: Z = 2.54 (P = 0.01)

1.25SJC
AA Hemmati2016 107 147 15 743 384 15 49%  -6.06[-8.09,-4.03] -
AAmalraj2017 258 067 12 1067 197 12 54%  -8.09[-9.27, 6. -
J.Jacob2019 301 092 8 1025 222 8 51%  -7.24[8.91,-557] -
M.Javadi2019 121 153 24 124 166 25 55% -0.03 [10.92, 0.86]

Subtotal (95% Cl) 59 60 209%  -5.33[-9.90,-0.76] >
Heterogeneity: Tau? = 21.15; Chi? = 140.53, df = 3 (P < 0.00001); I* = 98%

Test for overall effect: Z = 2.29 (P = 0.02)

126 TJC

AA Hemmati2016 227 196 15 1033 366 15 4.8%  -8.06[-10.16,-5.96] -
AAmalraj2017 2 074 12 992 193 12 54%  -7.92[-9.09,6.75] -
J.Jacob2019 25 073 8 1175 126 8 55%  -9.25[-10.26,-8.24] -
M.Javadi2019 204 201 24 22 2 25 54% -0.16 [-1.28, 0.96]

Subtotal (95% CI) 59 60 211%  -6.33[-10.86,-1.81] <>
Heterogeneity: Tau® = 20.78; Chi* = 157.51, df = 3 (P < 0.00001); I* = 98%

Test for overall effect: Z = 2.74 (P = 0.006)

Total (95% CI) 400 398 100.0%  -4.19 [-5.36, -3.02] ¢+

Heterogeneity: Tau? = 6.20; Chi? = 1042.22, df = 21 (P < 0.00001); I = 98%
Test for overall effect: Z = 7.05 (P < 0.00001)
Test for subaroun differences: Chiz = 57.47. df = 5 (P < 0.00001). I2 = 91.3%

0 -10 0
Favours [curcumin] ~ Favours [control]

FIGURE 4
Effectiveness of curcumin and placebo in the comparison of clinical measures in patients with RA.

TABLE 2 Heterogeneity and publication bias of curcumin and placebo in patients with RA.

Subgroup  Model Sample size | Test of association Test of Test of publication  Test of publication
heterogeneity  bias (Begg's test) bias (Egger's test)

Metrics Case/control OR 95%ClI (p-value) ? (%) p z p t P

Overall ESR 119/117 2947 | -54.05--4.88 (p< 0.001) 98.8 <0001 | L1 0.266 -1.48 0.188
CRP 113/110 2093 | -1.33--0.53 (p< 0.001) 89.4 <0001 | 113 0.260 2,04 0.111
DAS28 137/136 -120 | -1.85--0.55 (p< 0.001) 92.4 <0001 | -0.19 0.851 0 0.999
RF 77176 2415 | -36.47--11.83 (p< 0.001) | 97.1 <0001 034 0.734 -1.79 0215
ACR20 20/20 5341 | 48.70-58.11 (p< 0.001) 0 0.87 1.00 0317 0 0
VAS pain  26/24 532 -9.42--1.22 (p< 0.001) 194 0.265 -1.00 0317 0 0
TJC 51/52 535 | -11.01-031 (p< 0.001) 98 <0001  -0.52 0.602 -0.47 0.722
sjC 51/52 470 | -1043-1.029 (p< 0.001)  98.4 <0001  -0.52 0.602 -0.74 0.594
protein 34/34 0.96 0.39-1.52 (p< 0.001) 0 0518 -1.00 0317 0 0

Subgroup (Ethnicity or Country)

India ESR 43/41 5241 | -115.64-10.82 (p< 0.001)  99.2 <0001 | -034 1 0.10 0.928
CRP 76/74 2085 | -1.24--045 (p< 0.001) 92.8 <0001  -0.34 1 -1.49 0275
DAS28 34/32 148 | -2.12--0.83 (p< 0.001) 80.2 0.006 0.52 0.602 171 0337

(Continued)
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TABLE 2 Continued

10.3389/fimmu.2023.1121655

Subgroup  Model Sample size = Test of association Test of Test of publication  Test of publication
heterogeneity  bias (Begg's test) bias (Egger's test)

RF 44/44 -3597 | -73.14-121 (p< 0.001) 97.8 <0001  -0.52 0.602 -7.23 0.087
VAS pain  26/24 532 -9.42--1.22 (p< 0.001) 19.4 0.265 -1.00 0317 0 0
TJC 12/12 792 -9.09--6.75 (p< 0.001) 0 <0001 0 0 0 0
sjC 12/12 809 -9.27--6.91 (p< 0.001) 0 <0001 0 0 0 0
protein 12/12 0.97 0.40-1.54 (p< 0.001) 0 0 0 0 0 0

Iran ESR 76/76 576 | -11.31--0.21 (p< 0.001) 68.6 0.023 1.02 0308 -1.08 0.394
CRP 37/36 288 | -6.39-0.64 (p< 0.001) 33.8 0219 -1.00 0317 0 0
DAS28 39/40 -L12 | -327-1.03 (p< 0.001) 96.8 <0001  -1.00 0317 0 0
RF 15/14 073 | -3.78-2.32 (p< 0.001) 0 0 0 0 0 0
TJC 39/40 406 -11.80-3.68 (p< 0.001) 97.6 <0001 -1.00 0317 0 0
sjC 39/40 297 | -8.88-2.93 (p< 0.001) 96.5 <0001 |1 0317 0 0
protein 22/22 174 | -9.94-6.46 (p< 0.001) 0 0 0 0 0 0

China DAS28 64/64 079 | -1.07--0.51 (p< 0.001) 0 0 0 0 0 0

arthritis is an autoimmune disease and the pathophysiological
mechanisms are complex, mainly affecting systemic joints and may
present with varying degrees of extra-articular manifestations (30). It
is characterized by a high incidence of cardiovascular disease,
particularly in women and people with a history of smoking (31).
Therefore, early diagnosis seems to be extremely important for the
intervention and management of rheumatoid arthritis (32). It is
expected to explain the pathogenesis of rheumatoid arthritis by
focusing on novel genes and the close interaction between genetic
factors and epigenetic mechanisms (33). It has been found that
autoantibody isotypes and their molecular and physicochemical
components may become potential therapeutic targets and
strategies for the disease underlying immune processes (34). The
response of some rheumatoid arthritis patients to antirheumatic
drugs (DMARDs) remains limited in mitigating and preventing

TABLE 3 Meta-regression of curcumin and placebo in patients with RA.

disease activity (35). Patients with rheumatoid arthritis tend to
have extra-articular manifestations associated with more active and
severe rheumatoid arthritis. The extra-articular features remain a
major challenge in diagnosis and treatment for the disease, as they are
associated with poor prognosis and required early recognition and
timely management. The required effective alternative treatments are
important to address this new challenge (36).

Curcumin, a pure natural compound derived from the roots of
turmeric, is one of the most active components of polyphenolic
curcuminoids (37). Zn (II) -curcumin compound has been found to
exert anticancer effects on a variety of molecular mechanisms
through Nrf2 regulation (38). Curcumin is effectively usedfor
obesity therapy because it is a lipophilic molecule that can rapidly
penetrate cell membranes, and may be associated with lipid
metabolism, gut microbiota, and anti-inflammatory potential (39).

Heterogeneity factors Coefficient Std. err. [95% conf. intervall
(NOS score)
LL UL
ESR -29.59 17.18 -1.72 0.09 -63.27 4.09
CRP -0.48 0.04 -13.64 0.00 -0.55 -0.41
protein 0.96 0.29 331 0.01 0.39 1.52
DAS28 -1.19 0.37 -3.26 0.00 191 -0.48
RE -26.80 14.08 -1.90 0.06 -54.40 0.79
ACR20 53.41 2.40 2226 0.00 48.70 58.11
VAS pain -4.64 0.22 -20.77 0.00 -5.08 -4.20
TJC -5.34 2.63 2,03 0.04 -10.49 -0.20
(e -4.70 245 -1.91 0.06 -9.50 0.11
Frontiers in Immunology 07 frontiersin.org


https://doi.org/10.3389/fimmu.2023.1121655
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Kou et al.

ESR
Lower CI Limit

A.Amalraj2017

B.Chandran2012

10.3389/fimmu.2023.1121655

Meta-analysis estimates, given named study is omitted
OEstimate

Upper CI Limit

S.D.Deodhar1980

J.Jacob2019

A.AHemmati2016 {

F.P.Zarandi2022

M.Javadi2019

D.Anusha2019

—66.00 —54.05

DAS

Lower Cl Limit

A.Amalraj2017

B.Chandran2012 |

-29.47 -4.88 4.00

Meta-analysis estimates, given named study is omitted
OEstimate

Upper Cl Limit

J.Jacob2019

A.A.Hemmati2016

M.Javadi2019 &

Lin J.2019

T
-1.56 -1.25

FIGURE 5
Sensitivity of curcumin and placebo in patients with RA.

Advanced encapsulation or loading of curcumin in the form of
nanocurcumin has been shown to improve its therapeutic potential
of multifaceted effects in the management of chronic diseases (40).
It has been suggested that curcumin combined with photodynamic
therapy could cause cell cycle arrest and inhibit apoptosis-
mediating factor stimulation on disease cell viability, proliferation
and migration (41). Curcumin is also known as “seasoning of life”
by its well-known antibacterial, anti-inflammatory, antioxidant,
antitumor, antifungal and pro-apoptotic effects (42).

Curcumin has been shown to improve symptoms and delay
disease cycles in rheumatoid arthritis patients by inhibiting mitogen-

Curcumin Control Odds Ratio 0Odds Ratio

J.Lin2019 2 64 64 100.0%  0.38[0.07,2.04]

Total (95% CI) 64 i
Total events 2 5
Heterogeneity: Not applicable

Test for overall effect: Z = 1.13 (P = 0.26)

64 100.0%  0.38[0.07, 2.04]

0.01 0.1 1 10 100
Favours [curcumin]  Favours [control]

FIGURE 6
Safety of curcumin and placebo in patients with RA.
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—0.98 -0.71 -0.57

activated protein kinase family, extracellular signal-regulated protein
kinase, activator protein-1, and nuclear factor ¥B signal pathway in
rheumatoid arthritis (43). Curcumin treated by rheumatoid arthritis
patients with taking 250-1500 mg/day over 8-12 weeks can improve
dysfunctional immune cells (including TH1, TH17, Treg and B cells)
and reduce the clinical symptoms of the disease (44). It has been
found that curcumin has therapeutic effects on collagen-induced
arthritis (CIA) by inhibiting NF-kB signaling pathway and
promoting macrophage apoptosis (45). Cur-TF combination with
targeted delivery and enhanced efficacy of curcumin could improve
clinical, histologic and radiographic scores, and reduce
proinflammatory cytokines in rheumatoid arthritis patients (46).
Curcumin has been found toaffect IL-10 secretion and
immunoregulation to modulate the neurodegenerative diseases by
promoting anti-inflammatory and immunosuppressive function
(47). Curcumin supplementation enhances the anti-inflammatory
capacity of the eicosanoid pathway in rheumatoid arthritis patients
by modulating serum lipid levels to a normal state (48). It has been
reported that curcumin improved the effect of fibroblast-like
synoviocytes in rheumatoid arthritis by modulating the inc00052/
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miR-126-5p/PIAS2 axis and inhibiting Janus kinase 2 (JAK2)/signal
transducer (49). Interestingly, curcumin suppressed inflammatory
cell infiltration into synovium via rapamycin (mTOR) target
pathway and suppressed the proinflammatory cytokine levels in
rheumatoid arthritis rheumatoid arthritis (50). On the other hand,
curcumin inhibits activation of PI3K/AKT signaling pathway and
the expression of proinflammatory cytokines TNF-a, IL-6, and IL-17
(51). Therefore, curcumin can be used as a preventive measure in
individuals at high risk of early or developing rheumatoid
arthritis (52).

In this systematic review and meta-analysis, we found that
curcumin could improve ESR, CRP, DAS, RF, VAS, TJC, and SJC in
patients with rheumatoid arthritis. Our findings suggest that
rheumatoid arthritis patients in the experimental group
supplemented with curcumin benefit more than patients in the
control group. For rheumatoid arthritis patients, functional
improvement of total proteins by curcumin is uncertain. The
current study suggest that curcumin supplementation may be an
effective method to enhance anti-rheumatic immunity. In our study,
no serious adverse events were found in ten studies. The mild side
effects such as constipation, diarrhea, rash, nausea, and vomiting
may occur during intervention with curcumin. No statistically
significant difference was found in the curcumin group and the
control group, suggesting that curcumin supplementation is safe for
intervention in rheumatoid arthritis.

In our study, high heterogeneity was found and then the
random-effects model was used. The causes of the heterogeneity
were complex and mainly divided into the following types:
clinical heterogeneity, ethnic heterogeneity and methodological
heterogeneity. In our study, most of the results in the
experimental group were statistically significant. It was also clear
that curcumin has great potential in the treatment of rheumatoid
arthritis, overcoming the dosing barriers through nano/submicron
carrier-based delivery techniques and maximizing the efficacy of
anti-rheumatic drugs.

This research has several restrictions: (1) Although ten RCTs
were included in this study, the sample size was relatively small; (2)
Most of the included RCTs did not report long-term effects of drugs
and the prognosis of patients; (3) Some included original studies
used unified interventions and did not distinguish patients by
syndrome. (4) Although the study used total protein as a
secondary outcome measure, the literature is sparse.

5 Conclusion

Modern medical research has found that the occurrence of
many diseases in the human body is related to free radical
formation and inflammatory response. The multiple double
bonds in curcumin endow it with trapping free radical electrons,
antioxidant activity and anti-inflammatory effects. Curcumin is
beneficial for rheumatoid arthritis treatment. Inflammation levels
and clinical symptoms in patients with rheumatoid arthritis can be
improved by curcumin supplementation. Large sample randomized
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controlled trials on the effects of curcumin on patients with
rheumatoid arthritis are needed in the future.
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