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Abstract: Background: Spices, i.e., curcumin, ginger, saffron, and cinnamon, have a thousand-year
history of medicinal use in Asia. Modern medicine has begun to explore their therapeutic properties
during the last few decades. We aimed to perform a systematic literature review (SLR) of randomized
controlled trials (RCTs) assessing the effect of spice supplementation on symptoms and disease activity
in patients with chronic inflammatory rheumatic diseases (rheumatoid arthritis (RA), spondylarthritis,
or psoriatic arthritis). Methods: An SLR of RCTs, reviews, and meta-analyses was performed,
searching for articles in MEDLINE/PubMed. Abstracts from international rheumatology and nutrition
congresses (2017–2020) were also scrutinized. The risk of bias of the selected studies was evaluated
using the Cochrane Collaboration’s tool and the Jadad scale. Results: Altogether, six studies, assessing
the use of spice supplementation only in RA patients, were included: one on garlic supplementation,
two on curcumin, one on ginger, one on cinnamon, and one on saffron supplementation. Garlic,
ginger, cinnamon, or saffron supplementation was associated with a decrease in RA clinical activity.
However, several points limit the external validity of these studies. No conclusion on the impact of
curcumin supplementation on RA activity could be drawn due to low-quality studies. Conclusions:
Garlic, ginger, cinnamon, and saffron supplementation could have a beneficial effect on RA activity,
but the risk of bias of these studies is difficult to assess and data are too limited to recommend them
in daily practice.
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1. Introduction

Spices are defined by the Food and Drug Administration organization (FDA) as “aromatic vegetable
substances, in the whole, broken, or ground form, whose significant function in food is seasoning
rather than nutrition” [1]. Spices have played important roles as flavoring agents, food preservatives,
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and medicines [2]. Spices have a thousand-year history of medicinal use in Asia. For example, turmeric
which contains curcumin has been used in India and is called the “golden spice” due to its brilliant
yellow color. It is mentioned as a treatment in the 250 Before Common Era (BCE) Ayurvedic treatise [3].
Ginger has been produced by the Indian and Chinese for over 5000 years. It is an important ingredient
in Chinese, Ayurvedic, and Tibb-Unani medicines for the treatment of catarrh, rheumatism, nervous
diseases, gingivitis, toothache, asthma, stroke, constipation, and diabetes [4]. Modern medicine has
begun to explore their medical potential during the last few decades. There is an increasing number of
published articles assessing the health potential of spices in PubMed: from 17 in 1966 to 3407 in 2020.

The assessment of their health benefits has increased significantly, as many spices are known to
possess properties associated with reducing the risk of developing chronic diseases [1]. Several spices
have known or potential anti-inflammatory activity, mostly by inhibiting the nuclear factor (NF)-κB
pathway or cyclooxygenase (COX) activation [5–7].

Given their known and potential health benefits, spices could be appealing to patients with chronic
inflammatory rheumatic diseases as a natural complement to their disease-modifying antirheumatic
drugs (DMARDs).

The objective of this systematic literature review (SLR) was to summarize data of randomized
controlled trials assessing spice supplementation to reduce inflammatory rheumatic disease symptoms
and activity. This SLR was used to inform the recommendations of the French society of Rheumatology
on diet in inflammatory rheumatic diseases.

2. Materials and Methods

This systematic literature review of randomized controlled trials (RCTs), reviews, and meta-analyses
was performed according to PRISMA (Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) recommendations [8].

2.1. Eligibility Criteria

Studies considered eligible were as follows: (1) open-label or double-blind randomized
controlled studies, systematic literature reviews, and meta-analyses, (2) including patients with
confirmed inflammatory rheumatic diseases (rheumatoid arthritis (RA), psoriatic arthritis (PsA),
or spondylarthritis (SpA)), (3) having evaluated the use of oral supplementation of spices
(garlic, cinnamon, curcuma, saffron, or ginger) (4) with a control group (5) on symptoms and disease
activity. Cutaneous administrations of spices were excluded. Disagreement in the determination of the
eligibility of each study was resolved by consensus.

2.2. Search Strategy

MEDLINE (Via PubMed) databases were used to search for potentially eligible articles,
from inception until June 2020, in English and French.

Original research papers and reviews were searched using combinations of the grouped search
terms: (“Spondylitis, Ankylosing” [Mesh] OR ankylosis OR Spondylarthritis OR Spondylarthropathies
OR “Spondylarthritis” [Mesh] OR “Spondylarthritides” OR “Spinal Arthritis” OR “Spinal Arthritides”
OR “Arthritis, Spinal” OR “Spondyloarthritis” OR “Arthritis, Rheumatoid” [Mesh] OR “rheumatoid
arthritis” OR “rheumatoid” OR “Caplan Syndrome” OR “Felty Syndrome” OR “Rheumatoid Nodule”
OR “Rheumatoid Vasculitis” OR “Arthritis, Psoriatic” [Mesh] OR “Psoriasis” OR “Arthritic Psoriasis”
OR “Psoriatic Arthritis” OR “Psoriasis Arthropathica” OR “Psoriatic Arthropathy” OR “Arthropathies,
Psoriatic” OR “Arthropathy, Psoriatic” OR “Psoriatic Arthropathies”) AND (“Spices” [Mesh] OR
“Spice” OR “Spices” OR “Garlic” [Mesh] OR “Allium” [Mesh] OR “Allium sativum” OR “garlic” OR
“Curcuma” [Mesh] AND “Curcumas” OR “Tumeric” OR “Tumerics” OR “Turmeric” OR “Turmerics”
OR “Curcuma zedoaria” OR “Curcuma zedoaries” OR “zedoaria, Curcuma” OR “Zedoary zedoaria”
OR “Zedoary zedoaries” OR “zedoaria, Zedoary” OR “Curcuma longa” OR “Curcuma longas” OR
“longa, Curcuma” OR “Ginger” [Mesh] OR “Gingers” OR “Zingiber officinale” OR “Zingiber officinales”



Nutrients 2020, 12, 3800 3 of 12

OR “officinales Zingiber” OR “Cinnamomum zeylanicum” [Mesh] OR “Cinnamomum verum” OR
“Cinnamon” OR “Cinnamons” OR “Cinnamomum” [Mesh] OR “Cinnamomums” OR “Crocus” [Mesh]
OR “Saffron” OR “Saffrons” OR “Crocus sativus” OR “Saffron Crocus” OR “Crocus, Saffron” OR
“Iridaceae” [Mesh]).

Conference abstracts from international Rheumatology meetings (European League against
Rheumatism (EULAR), Société Française de Rhumatologie (SFR), and the American College of
Rheumatology (ACR)) and from Nutrition meetings (International Congress of Nutrition, European
Nutrition Conference, American Society of Nutrition) from 2017 to 2020 were also screened with
keywords “spice”, “garlic”, “cinnamon”, “curcuma/curcumin”, “saffron”, “ginger”, or “rheumatoid
arthritis” and then manually reviewed for inclusion. A manual search based on references of the
selected articles was performed.

2.3. Data Extraction

A data extraction table was used to extract data of the eligible studies and to systematically
describe study characteristics, such as study design, aim, population, eligibility criteria, sample size,
intervention, primary and secondary assessed outcome, side effects, and treatment adherence.

2.4. Quality Assessment

Risk of bias of each study was assessed using the Cochrane Collaboration’s tool for assessing
risk of bias [9] and the Jadad scale [10]. Records limited to abstracts were not assessed because of the
paucity of available information.

3. Results

3.1. Study Selection

A total of 208 records were identified in the search process (Figure 1). Of these, six were selected
after review and assessed for eligibility. No relevant unpublished studies from rheumatology and
nutrition congresses were obtained.
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3.2. Study Characteristics

The study characteristics of the selected studies are summarized in Table 1. All studies assessed the
impact of spice supplementation on patients with RA: one assessed garlic supplementation, two assessed
curcumin, one assessed ginger, one assessed cinnamon, and one assessed saffron supplementation.
No randomized controlled trials were found regarding PsA or SpA patients. All selected studies were
published in English. Follow-up duration ranged from 8 to 12 weeks.

Studies’ interventions and outcomes are reported in Table 2. The six studies assessed the efficacy
on spice supplementation in reducing RA activity on patients with active RA, using clinical activity
indices (disease activity score (DAS)-28 or ACR response), health assessment questionnaire (HAQ),
number of tender or swollen joints, pain visual analogue scale (VAS), disease activity analogue scale,
and morning stiffness duration. C reactive protein (CRP) and erythrocyte sedimentation rate (ESR)
were also used.

The included studies involved 316 RA patients. The main inclusion criteria were participants with
active RA diagnosed according to the 1987 ACR criteria or 2010 ACR EULAR criteria. The comparator
was placebo in all studies except one (Chandran et al.) in which curcumin was compared to diclofenac.
The outcomes were assessed at 8 or 12 weeks.

3.3. Risk of Bias within Studies

The risk of bias in all six studies according to the Jadad score of randomized controlled trials
and Cochrane’s tool is reported in Table S1 (Supplementary Materials) and Figure 2, respectively.
All selected studies but one were double-blind randomized controlled trials. Chandran’s and Amalraj’s
studies were considered at high risk of bias. Four of the six studies had a Jadad score of 4 or more.
Two studies did not report the used randomization sequence.
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Table 1. Baseline characteristics of patients.

Study Country Inclusion Criteria

Intervention Controls

Age (Years) Disease Duration
(Years) RF+ ACPA+ Age (Years) Disease Duration

(Years) RF+ ACPA+

Moosavian, 2020 [9,10] Iran
ACR/EULAR criteria, DAS-28 ESR > 3.2,
treated with csDMARDs, not receiving

NSAIDs, or bDMARDs
G: 51.22 ± 12.61 G: 6.60 ± 7.43 NR NR 51.37 ± 11.04 6.68 ± 8.20 NR NR

Chandran, 2012 [11] India
ACR 1987, DAS-28 ESR > 5.1,

not receiving NSAIDs, csDMARDs,
or bDMARDs

C: 7.8 ± 8.60
C + D: 47 ± 16.22 NR NR NR 48.87 ± 10.78 NR NR NR

Amalraj, 2017 [12] India

ACR/EULAR criteria, DAS-28 ESR > 5.1,
CRP > 0.6 mg/dL or ESR > 28 mm/h,
not receiving NSAIDs, csDMARDs,

or bDMARDs

C 250 mg 36.7 ± 10.7
C 500 mg 38.3 ± 5.8 NR NR NR 39.6 ± 8.8 NR NR NR

Aryaeian, 2019 [13,14] Iran

ACR/EULAR criteria, 2 year disease
duration, treated with methotrexate,

hydroxychloroquine,
and prednisolone < 10 mg/day

Gi: 48.63 ± 2.38 Gi: 18.12 ± 4.13 NR NR 46.67 ± 1.94 14.87 ± 4.13 NR NR

Shishehbor, 2018 [15] Iran

ACR/EULAR criteria, for at least 2 years,
having active disease, treated with
csDMARDs, not receiving NSAIDs

or bDMARDs

Ci: 44.66 ± 11.22 6.27 ± 3.04 NR NR 49.11 ± 7.45 5.00 ± 2.22 NR NR

Hamidi, 2020 [16] Iran ACR/EULAR criteria, for at least 2 years,
having active disease S: 51.55 ± 8.26 S: 10.74 ± 5.66 NR NR 51.80 ± 9.62 9.60 ± 5.13 NR NR

Abbreviations: ACR: American College of Rheumatology; ACPA+: anti-citrullinated protein/peptide antibodies positive; bDMARDs: biologic disease-modifying antirheumatic drugs;
csDMARDs: conventional synthetic disease-modifying antirheumatic drugs; C: curcumin; C + D: curcumin + diclofenac; Ci: cinnamon; DAS-28: disease activity score 28; ESR: erythrocyte
sedimentation rate; EULAR: European League against Rheumatism; G: garlic; Gi: ginger; NR: not reported; NSAIDs: nonsteroidal anti-inflammatory drugs; RF+: rheumatoid factor
positive; S: saffron;. Values are expressed as means ± standard deviation.
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Table 2. Study characteristics.

Intervention Controls
Outcome Outcome

MeasurementSpice Study Design Population Type N Type N

Garlic Moosavian, 2020 [11,12] Double-blind RCT 70
1000 mg garlic powder tablets

35 Placebo 35
DAS-28 ESR, SJC, TJC, VAS Pain,

HAQ score, CRP, ESR 8 weeks
equivalent to 2.5 g of fresh garlic

Curcumin Chandran, 2012 [13] Single-blind RCT 45 in 3 groups
Curcumin 500 mg twice a day and

diclofenac 50 mg twice a day 15 Diclofenac
50 mg × 2/day 15

DAS-28 ESR, SJC, TJC, VAS pain,
VAS activity, HAQ score, CRP, ESR 8 weeks

Curcumin 500 mg twice a day 15

Curcumin Amalraj, 2017 [14] Double-blind RCT 36 in 3 groups
Curcumin 250 mg twice a day 12

Placebo 12
ACR-20, DAS-28, SJC, TJC, VAS pain,

CRP, ESR 12 weeks
Curcumin 500 mg twice a day 12

Ginger Aryaeian, 2019 [15,16] Double-blind RCT 63 Ginger powder 750 mg twice a day 33 Placebo 30 DAS-28 ESR, CRP 12 weeks

Cinnamon Shishehbor, 2018 [17] Double-blind RCT 36 Cinnamon 1 g twice a day 18 Placebo 18 DAS-28, SJC, TJC, VAS pain, ESR, CRP 8 weeks

Saffron Hamidi, 2020 [18] Double-blind RCT 66 Saffron 100 mg per day 33 Placebo 33 DAS-28 ESR, SJC, TJC, VAS pain,
morning stiffness, CRP, ESR 12 weeks

Abbreviations: RCT: randomized controlled trial; DAS-28: disease activity score 28; VAS: visual analogue scale; ACR: American College of Rheumatology; HAQ: health assessment
questionnaire; TJC: tender joint count; SJC: swollen joint count; ESR: erythrocyte sedimentation rate; CRP: C reactive protein.
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3.4. Results of Individual Studies

Outcomes of each study are summarized in Table 3 according to the type of spice supplementation.

Table 3. Study results sorted by spice supplementation.

Study Outcome

Intervention Controls
Between-Group

DifferencesBaseline versus End of Treatment Baseline versus End
of Treatment

p-Value

Moosavian et al. [11,12]

DAS-28 ESR G: 4.61 ± 0.92 vs. 3.80 ± 0.81 * 4.52 ± 0.78 vs. 4.45 ± 0.86 <0.001
SJC G: 1.92 ± 1.62 vs. 1.19 ± 1.40 * 1.74 ± 2.17 vs. 1.71 ± 2.34 0.117
TJC G: 6.74 ± 4.55 vs. 3.61 ± 4.04 * 5.57 ± 3.97 vs. 5.55 ± 4.5 <0.001

VAS Pain (mm) G: 68.46 ± 14.80 vs. 59.35 ± 13.30 * 70.54 ± 16.66 vs. 69.19 ± 18.40 <0.001
HAQ score G: NR NR 0.23
CRP (mg/L) G: 13.44 ± 13.76 vs. 8.62 ± 10.58 * 13.57 ± 14.04 vs. 14.23 ± 16.22 0.018
ESR (mm/h) G: 23.63 ± 13.82 vs. 19.03 ± 12.94 20.10 ± 11.74 vs. 20.74 ± 13.26 0.134

Chandran et al. [6]

DAS-28 ESR
C + D: 6.44 ± 0.51 vs. 3.58 ± 0.71 *

6.72 ± 0.87 vs. 3.89 ± 1.43 *
NR

C: 6.40 ± 0.73 vs. 3.55 ± 0.73 * NR

SJC C + D: 11.5 vs. 0.42 *
16.6 vs. 1.83 *

NR
C: 12.15 vs. 0.36 * NR

TJC C + D: 16.67 vs. 2.75 *
18.2 vs. 5.67 *

NR
C: 18.64 vs. 3.14 * NR

VAS Pain (mm) C + D: 77.25 ± 9.65 vs. 34.29 ± 26.75 *
78.25 ± 11.25 vs. 39.17 ± 20.1 *

NR
C: 68.57 ± 17.14 vs. 27.5 ± 9.35 * NR

VAS Activity (mm) C + D: 78.75 40.83 *
77.5 vs. 42.08 *

NR
C: 83.93 vs. 30.7 * NR

HAQ score C + D: 3.95 vs. 1.53 *
3.79 vs. 1.51 *

NR
C: 4.41 vs. 1.0 * NR

CRP (mg/L) C + D: 9.11 ± 9.93 vs. 6.66 ± 6.87 *
3.3 ± 2.4 vs. 3.35 ± 2.5

NR
C: 5.34 ± 4.12 vs. 2.56 ± 1.8 NR

ESR (mm/h) C + D: 28.75 ± 20.09 vs. 24.92 ± 22.6
27.08 ± 17.1 vs. 24.75 ± 13.5

NR
C: 28 ± 23.7 vs. 24.86 ± 17.7 NR

Amalraj et al. [7]

DAS-28
C 250 mg: 4.51 ± 0.64 vs. 2.14 ± 0.16 *

3.53 ± 0.47 vs. 3.53 ± 0.47
NR

C 500 mg: 5.29 ± 0.54 vs. 1.80 ± 0.36 * NR

ACR-20
C 250 mg: 19.33 ± 2.81 vs. 65.17 ± 10.67 *

14.75 ± 6.58 vs. 14.75 ± 6.58 *
NR

C 500 mg: 16.50 ± 3.78 vs. 67.83 ± 8.60 * NR

SJC C 250 mg: 14.42 ± 1.68 vs. 2.83 ± 0.83 *
11.08 ± 2.23 vs. 10.67 ± 1.97

NR
C 500 mg: 17.00 ± 1.35 vs. 2.58 ± 0.67 * NR

TJC C 250 mg: 13.33 ± 3.17 vs. 2.92 ± 0.67 *
9.50 ± 3.23 vs. 9.92 ± 1.93

NR
C 500 mg: 16.67 ± 1.92 vs. 2.00 ± 0.74 * NR

VAS pain (cm) C 250 mg: 7.01 ± 0.86 vs. 2.63 ± 0.74 *
6.61 ± 0.73 vs. 6.84 ± 0.63

NR
C 500 mg: 7.99 ± 0.71 vs. 2.21 ± 0.45 * NR

CRP (mg/dL) C 250 mg: 0.97 ± 0.15 vs. 0.68 ± 0.10 *
0.97 ± 0.15 vs. 1.08 ± 0.15

NR
C 500 mg: 1.21 ± 0.18 vs. 0.59 ± 0.08 * NR

ESR (mm/h) C 250 mg: 175.9 ± 12.9 vs. 21.0 ± 4.8 *
180.2 ± 12.4 vs. 126.9 ± 17.3

NR
C 500 mg: 181.7 ± 4.8 vs. 21.2 ± 2.9 * NR

Aryaeian et al. [8,9] DAS-28-ESR Gi: 4.73 ± 0.27 vs. 3.44 ± 0.30 * 4.51 ± 0.27 vs. 4.30 ± 0.33 <0.001
CRP (mg/dL) Gi: 13.50 ± 3.45 vs. 7.62 ± 5.1 * 13.01 ± 2.25 vs. 16.39 ± 9.6 0.044

Shishehbor et al. [10]

DAS-28 Ci: 6.04 ± 0.52 vs. 3.92 ± 0.52 * 5.35 ± 0.76 vs. 5.64 ± 0.66 <0.001
SJC Ci: 8.44 ± 2.33 vs. 1.38 ± 0.97 * 7.16 ± 2.23 vs. 7.66 ± 2.08 <0.0001
TJC Ci: 11.44 ± 2.52 vs. 2.77 ± 1.47 * 10.05 ± 2.66 vs. 10.05 ± 3.09 <0.001

VAS pain (cm) Ci: 68.88 ± 14.30 vs. 43.88 ± 12.89 * 54.72 ± 16.58 vs. 58.05 ± 18.24 <0.001
CRP (mg/L) Ci: 35.33 ± 10.08 vs. 24.61 ± 10.29 * 27 ± 12.92 vs. 32.50 ± 13.15 * <0.001
ESR (mm/h) Ci: 32.88 ± 13.31 vs. 23.66 ± 12.98 * 25.16 ± 17.44 vs. 27.83 ± 17.74 0.42

Hamidi et al. [11]

DAS-28 ESR S: 5.09 ± 1.10 vs. 4.33 ± 0.94 * 4.92 ± 1.09 vs. 5.19 ± 0.65 <0.001
SJC S: 6.26 ± 3.63 vs. 4.13 ± 2.47 * 7.07 ± 3.83 vs. 7.70 ± 2.54 ≤0.001
TJC S: 5.23 ± 3.27 vs. 3.84 ± 2.70 * 4.53 ± 2.86 vs. 4.63 ± 2.73 0.259

VAS pain (mm) S: 60.97 ± 21.19 vs. 42.58 ± 15.69 * 52.33 ± 22.99 vs. 50.00 ± 21.81 * ≤0.001
Morning stiffness: 1–3 h S: 10 (32.30%) vs. 6 (19.40%) 5 (16.70%) vs. 6 (20.00%) 0.975

CRP (mg/L) S: 12.00 ± 7.40 vs. 8.82 ± 7.93 * 12.00 ± 12.84 vs. 14.56 ± 21.03 0.200
ESR (mm/h) S: 29.94 ± 17.40 vs. 24.06 ± 12.66 * 30.20 ± 28.19 vs. 32.00 ± 14.75 0.028

Abbreviations: ACR: American College of Rheumatology; DAS-28: disease activity score 28; VAS: visual analogue
scale for pain; C: curcumin; C + D: curcumin + diclofenac; Ci: cinnamon; G: garlic; Gi: ginger; HAQ: health
assessment questionnaire; NR: not reported; S: saffron; SJC: swollen joint count; TJC: tender joint count. Data are
presented as the mean and standard deviation or number of patients with the proportion in percentages; * significant
difference within the group.

3.4.1. Garlic Supplementation in Rheumatoid Arthritis

One double-blind randomized controlled trial by Moosavian et al. with a low risk of bias assessed
the effect of a garlic supplementation (1000 mg garlic powder tablets equivalent to 2.5 g of fresh garlic,
i.e., half of a garlic clove) on RA activity in 70 patients (35 per group) [11,12]. There was no significant
difference between the two groups for DMARDS and corticosteroids. There was a significant decrease
in the garlic group compared to the placebo group regarding DAS-28 ESR, tender joint count (TJC),
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VAS pain, and CRP. The reduction in VAS was little and not clinically pertinent (−9.11/100 in the garlic
group vs. +1.35/100 in the placebo group, p < 0.001). Yet, the mean variation of DAS-28 ESR in the
garlic group (−0.8) corresponded to a moderate EULAR response. There was no difference between
the group regarding SJC, HAQ score, and ESR. However, the baseline SJC was very low (<2).

3.4.2. Curcumin Supplementation in Rheumatoid Arthritis

Two randomized controlled trials (one double-blind and one single-blind) with a high risk of
bias assessed the effect of curcumin supplementation (250 mg and 500 mg twice daily for one study
and 500 mg twice daily for the other one, which represents between half and one teaspoon) on RA
activity [13,14]. In these two trials, patients were excluded if they were treated with csDMARDs
or bDMARDS. Chandran et al. assessed the effects of curcumin supplementation, the combination
curcumin/diclofenac, and diclofenac in 45 patients (15 per group) [13]. DAS-28 ESR, SJC, TJC,
VAS pain, and VAS activity decreased significantly in the three groups (curcumin, curcumin/diclofenac,
and diclofenac), whereas CRP decrease significantly only in the curcumin group. The mean variation
in DAS-28 ESR in the three groups corresponded to a high EULAR response. However, there was no
statistical comparison between the three groups. Amalraj et al. assessed the effects of two dosages
of curcumin supplementation (250 mg and 500 mg twice daily) in 36 patients (12 per group) [14].
DAS 28, SJC, TJC, VAS pain, CRP, and CRP decreased significantly in the curcumin groups, whereas
the number of patients with ACR20 response increased significantly in the three groups. The mean
variation of DAS-28 ESR in the curcumin groups corresponded to a high EULAR response. As for the
previous study, there was no statistical comparison among the three groups.

3.4.3. Ginger Supplementation in Rheumatoid Arthritis

One double-blind randomized controlled trial by Aryeian et al. with a low risk of bias assessed
the effect of a ginger supplementation (750 mg twice daily, equivalent to one teaspoon) on RA activity
in 63 patients [15,16]. There were significant decreases in the ginger group compared to the placebo
group regarding DAS-28 ESR and CRP. Variations in clinical activity (DAS-28 ESR) were important in
the treated group, with a mean variation corresponding to a high EULAR response.

3.4.4. Cinnamon Supplementation in Rheumatoid Arthritis

One double-blind randomized controlled trial by Shishehbor et al. including 36 patients (18 per group)
with a low risk of bias assessed the effect of a cinnamon supplementation (1000 mg twice daily, equivalent
to two teaspoons) on RA activity [17]. There was a significant decrease in the ginger group compared
to the placebo group regarding DAS-28, SJC, TJC, VAS pain, and CRP. Variations in DAS-28 were
important in the treated group, with a mean variation corresponding to a high EULAR response.
On the contrary, there was no significant difference between the two groups regarding ESR.

3.4.5. Saffron Supplementation in Rheumatoid Arthritis

One double-blind randomized controlled trial by Hamidi et al. with a low risk of bias assessed
the effect of a saffron supplementation (100 mg daily) on RA activity in 66 patients [18]. There was
a significant decrease in the ginger group compared to the placebo group regarding DAS-28 ESR,
SJC, VAS pain, and ESR. On the contrary, there was no significant difference between the two groups
regarding TJC, morning stiffness, and CRP. The mean variation in DAS-28 corresponded to a moderate
EULAR response.

4. Discussion

This is the first systematic literature review to focus on spice supplementation studies in RA.
A previous systematic literature review on the efficacy of curcumin for alleviating the symptoms of
joint arthritis included only one study with RA patients (Chandran et al. [13]). The seven other studies
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focused on patients with osteoarthritis [19]. All the studies included were published between 2017
and 2020, except for one published in 2012. This shows the growing interest of the potential benefit of
spices for treating inflammatory diseases including RA. Spices have been used in several countries
such as India, Thailand, and China, as well as several countries in Africa, for millennial flavoring,
coloring, and preserving food, in addition to medicinal and religious purposes [2]. For example,
curcumin is used during wedding and other religious ceremonies and recommended against poisoned
food in Ayurvedic medicine [3]. Spices have been studied in multiple pathologies such as cancer,
cardiovascular, gastrointestinal, neurodegenerative, metabolic, and infectious diseases due to their
neuroprotection, antioxidant, anti-inflammatory, antibacterial, antifungal, and anticancer activities [2].

Studies of garlic, ginger, cinnamon, and saffron supplementation resulted in improvements in a
combination of both subjective measures (e.g., VAS pain) and objective measures (e.g., CRP) of the
disease. The benefits may relate to reduced inflammation due to inhibiting the NF-κB pathway or
cyclooxygenase (COX) activation [5–7].

Diallyl sulfide, a flavor compound from garlic, downregulates RAC-alpha serine/threonine-protein
kinase (Akt1)/Transforming growth factor beta (TGF-β)-activated kinase-mediated NF-κB and
mitogen-activated protein kinase (MAPK) signaling pathways in murine macrophage-like cells [5]. It also
diminished Porphyromonas gingivalis, lipopolysaccharide-stimulated cytokine expression, and NF-κB
activation in human gingival fibroblasts [20]. Porphyromonas gingivalis is a potent periodontal pathogen
involved in RA [21]. Active compounds from garlic inhibited the expressions of NF-κB-dependant
genes in mice with ultraviolet B-irradiated skin [22].

6-Shogaol, a compound of ginger, inhibited the phosphoinositide 3-kinase (PI3K)/Akt and NF-κB
signaling pathways in human intestinal epithelial cells [23]. Extract of red ginger reduced paw edema
in a rat adjuvant arthritis model [24]. Ginger oil caused a significant suppression of both paw and
joint swelling in rats with chronic adjuvant arthritis [25]. In the study assessing ginger in RA patients,
ginger treatment significantly decreased the expression of the T-bet gene. T-bet is the T helper cell 1
(Th1) cell transcription factor that induces the proliferation of Th1, an essential cell in autoimmune
diseases [16].

Cinnamon reduced NF-κB transcriptional activity via the suppression of DNA-binding activity in
macrophages [26], inhibited the release of Tumour Necrosis Factor alpha (TNF-α) from neutrophils,
and reduced the gene expression of proinflammatory cytokines [27]. It also inhibited the development
of mice paw edema induced by carrageenan [28].

Saffron inhibits cyclooxygenase 1 and cyclooxygenase 2 enzymes. It prevented the production
of prostaglandin E in a dose-dependent manner [7]. It also showed an anti-inflammatory activity in
formaldehyde-induced arthritis [7].

Studies on curcumin supplementation are difficult to interpret as they are low-quality trials,
with no comparison between intervention and the control groups [13,18]. Thus, no conclusion could
be drawn on its impact on RA activity. Moreover, an ethical issue should be highlighted in the design
of these two studies, as patients in the control group did not receive the standard care for RA.

Tolerance was good in the six studies: stomach pain in one patient with garlic and saffron
supplementation [11,12,18] and mild fever and throat infection in one patient with curcumin
supplementation [13]. Clinical trials assessing saffron, curcumin, and garlic supplementation
showed similar mild adverse events between control and experimental groups [20,29,30]. Cinnamon
supplementation in other clinical trials was associated with gastrointestinal disorders and allergic
reactions, which were self-limiting in the majority of cases [31]. Heartburn, nausea, diarrhea,
abdominal pain, bloating, gas, and epigastric distress were reported in clinical trials using ginger
supplementation [32].

There are also limitations to the reviewed studies that need to be addressed. First, all studies were
based on only a small sample size. Second, the duration of the clinical trials was short (between 8
and 12 weeks). Furthermore, most of the studies did not specify primary and secondary outcomes.
Sample size was not determined in two studies [13,14]. Several points limit the external validity.
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Patients included in two studies did not receive the standard care, i.e., any DMARDs, to treat their
disease [13,14]. It is unreasonable to expect these supplements to surpass the effect of DMARD
therapy and, at most, they should be considered as an experimental adjunct. In the four other
studies [11,12,15–18], patients with active RA did not receive bDMARDs, which is not the standard
care for RA in Western countries [33,34]. Moreover, the six studies were done in only two countries:
India and Iran. There was no study in Caucasian or African populations. Furthermore, daily saffron
supplementation may not be affordable for every patient as saffron is a very rare and expensive spice.
Lastly, a meta-analysis of findings could not be conducted due to the small number of studies per spice
(one or two). No ongoing clinical trial to assess the impact of spice supplementation on RA activity is
registered at clinicaltrials.gov. Thus, no supplementary data will be provided in the near future.

In summary, according to the available evidence, garlic, ginger, cinnamon, and saffron
supplementation could have a beneficial effect on RA activity, but the risk of bias in these studies is
difficult to assess and data are too limited to recommend them in daily practice.

Supplementary Materials: The following are available online at http://www.mdpi.com/2072-6643/12/12/3800/s1,
Table S1: Quality assessment based on Jadad score of randomized controlled trials reviewed.

Author Contributions: Conceptualization, C.D. and J.S. (Jérémie Sellam); methodology, C.D.; systematic literature
review, J.-G.L., P.S., Y.N. and J.S. (Johanna Sigaux); writing—original draft preparation, J.-G.L.; writing—review
and editing, J.-G.L., P.S., Y.N., J.S. (Johanna Sigaux), S.C., R.-M.F., J.S. (Jérémie Sellam), and C.D.; supervision, S.C.,
R.-M.F., J.S. (Jérémie Sellam), and C.D. All authors read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Acknowledgments: We acknowledge the Société Française de Rhumatologie.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Vázquez-Fresno, R.; Rosana, A.R.R.; Sajed, T.; Onookome-Okome, T.; Wishart, N.A.; Wishart, D.S. Herbs and
Spices-Biomarkers of Intake Based on Human Intervention Studies–A Systematic Review. Genes Nutr. 2019,
14, 18. [CrossRef]

2. Jiang, T.A. Health Benefits of Culinary Herbs and Spices. J. AOAC Int. 2019, 102, 395–411. [CrossRef]
3. Li, H.; Sureda, A.; Devkota, H.P.; Pittalà, V.; Barreca, D.; Silva, A.S.; Tewari, D.; Xu, S.; Nabavi, S.M. Curcumin,

the golden spice in treating cardiovascular diseases. Biotechnol. Adv. 2020, 38, 107343. [CrossRef]
4. Ali, B.H.; Blunden, G.; Tanira, M.O.; Nemmar, A. Some phytochemical, pharmacological and toxicological

properties of ginger (Zingiber officinale Roscoe): A review of recent research. Food Chem. Toxicol. 2008, 46,
409–420. [CrossRef]

5. You, S.; Nakanishi, E.; Kuwata, H.; Chen, J.; Nakasone, Y.; He, X.; He, J.; Liu, X.; Zhang, S.; Zhang, B.;
et al. Inhibitory effects and molecular mechanisms of garlic organosulfur compounds on the production of
inflammatory mediators. Mol. Nutr. Food Res. 2013, 57, 2049–2060. [CrossRef]

6. Aggarwal, B.B.; Shishodia, S. Molecular targets of dietary agents for prevention and therapy of cancer.
Biochem. Pharmacol. 2006, 71, 1397–1421. [CrossRef]

7. Hosseinzadeh, H.; Younesi, H.M. Antinociceptive and anti-inflammatory effects of Crocus sativus L. stigma
and petal extracts in mice. BMC Pharmacol. 2002, 2, 7. [CrossRef]

8. Moher, D.; Liberati, A.; Tetzlaff, J.; Altman, D.G.; PRISMA Group. Preferred reporting items for systematic
reviews and meta-analyses: The PRISMA statement. BMJ 2009, 339, b2535. [CrossRef]

9. Cochrane Handbook for Systematic Reviews of Interventions. Available online: /cochrane-handbook-
systematic-reviews-interventions (accessed on 23 October 2020).

10. Appendix: Jadad Scale for Reporting Randomized Controlled Trials. In Evidence-based Obstetric Anesthesia;
John Wiley & Sons, Ltd.: Hoboken, NJ, USA, 2007; pp. 237–238. ISBN 978-0-470-98834-3.

11. Moosavian, S.P.; 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, e13498. [CrossRef]

clinicaltrials.gov
http://www.mdpi.com/2072-6643/12/12/3800/s1
http://dx.doi.org/10.1186/s12263-019-0636-8
http://dx.doi.org/10.5740/jaoacint.18-0418
http://dx.doi.org/10.1016/j.biotechadv.2019.01.010
http://dx.doi.org/10.1016/j.fct.2007.09.085
http://dx.doi.org/10.1002/mnfr.201200843
http://dx.doi.org/10.1016/j.bcp.2006.02.009
http://dx.doi.org/10.1186/1471-2210-2-7
http://dx.doi.org/10.1136/bmj.b2535
/cochrane-handbook-systematic-reviews-interventions
/cochrane-handbook-systematic-reviews-interventions
http://dx.doi.org/10.1111/ijcp.13498


Nutrients 2020, 12, 3800 11 of 12

12. Moosavian, S.P.; 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. [CrossRef]

13. Chandran, B.; Goel, A. A randomized, pilot study to assess the efficacy and safety of curcumin in patients
with active rheumatoid arthritis. Phytother. Res. 2012, 26, 1719–1725. [CrossRef]

14. Amalraj, A.; Varma, K.; Jacob, J.; Divya, C.; Kunnumakkara, A.B.; Stohs, S.J.; Gopi, S. A Novel Highly
Bioavailable Curcumin Formulation Improves Symptoms and Diagnostic Indicators in Rheumatoid Arthritis
Patients: A Randomized, Double-Blind, Placebo-Controlled, Two-Dose, Three-Arm, and Parallel-Group Study.
J. Med. Food 2017, 20, 1022–1030. [CrossRef]

15. Aryaeian, N.; Mahmoudi, M.; Shahram, F.; Poursani, S.; Jamshidi, F.; Tavakoli, H. The effect of ginger
supplementation on IL2, TNFα, and IL1β cytokines gene expression levels in patients with active rheumatoid
arthritis: A randomized controlled trial. Med. J. Islam. Repub. Iran. 2019, 33, 154. [CrossRef]

16. Aryaeian, N.; Shahram, F.; Mahmoudi, M.; Tavakoli, H.; Yousefi, B.; Arablou, T.; Jafari Karegar, S. The effect
of ginger supplementation on some immunity and inflammation intermediate genes expression in patients
with active Rheumatoid Arthritis. Genes 2019, 698, 179–185. [CrossRef]

17. Shishehbor, F.; Rezaeyan Safar, M.; Rajaei, E.; Haghighizadeh, M.H. Cinnamon Consumption Improves
Clinical Symptoms and Inflammatory Markers in Women with Rheumatoid Arthritis. J. Am. Coll. Nutr. 2018,
1–6. [CrossRef] [PubMed]

18. Hamidi, Z.; Aryaeian, N.; Abolghasemi, J.; Shirani, F.; Hadidi, M.; Fallah, S.; Moradi, N. 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, 1650–1658. [CrossRef]
[PubMed]

19. Daily, J.W.; Yang, M.; Park, S. Efficacy of Turmeric Extracts and Curcumin for Alleviating the Symptoms of
Joint Arthritis: A Systematic Review and Meta-Analysis of Randomized Clinical Trials. J. Med. Food 2016, 19,
717–729. [CrossRef]

20. Fu, E.; Tsai, M.-C.; Chin, Y.-T.; Tu, H.-P.; Fu, M.M.; Chiang, C.-Y.; Chiu, H.-C. The effects of diallyl sulfide upon
Porphyromonas gingivalis lipopolysaccharide stimulated proinflammatory cytokine expressions and nuclear
factor-kappa B activation in human gingival fibroblasts. J. Periodontal Res. 2015, 50, 380–388. [CrossRef]

21. Perricone, C.; Ceccarelli, F.; Saccucci, M.; Di Carlo, G.; Bogdanos, D.P.; Lucchetti, R.; Pilloni, A.; Valesini, G.;
Polimeni, A.; Conti, F. Porphyromonas gingivalis and rheumatoid arthritis. Curr. Opin. Rheumatol. 2019, 31,
517–524. [CrossRef]

22. Kim, S.R.; Jung, Y.R.; An, H.J.; Dae, H.K.; Eun, J.J.; Yeon, J.C.; Kyoung, M.M.; Min, H.P.; Park, C.H.;
Chung, K.W.; et al. Anti-wrinkle and anti-inflammatory effects of active garlic components and the inhibition
of MMPs via NF-κB signaling. PLoS ONE 2013, 8, e73877. [CrossRef]

23. Luettig, J.; Rosenthal, R.; Lee, I.-F.M.; Krug, S.M.; Schulzke, J.D. The ginger component 6-shogaol prevents
TNF-α-induced barrier loss via inhibition of PI3K/Akt and NF-κB signaling. Mol. Nutr. Food Res. 2016, 60,
2576–2586. [CrossRef]

24. Shimoda, H.; Shan, S.-J.; Tanaka, J.; Seki, A.; Seo, J.-W.; Kasajima, N.; Tamura, S.; Ke, Y.; Murakami, N.
Anti-inflammatory properties of red ginger (Zingiber officinale var. Rubra) extract and suppression of nitric
oxide production by its constituents. J. Med. Food 2010, 13, 156–162. [CrossRef]

25. Sharma, J.N.; Srivastava, K.C.; Gan, E.K. Suppressive effects of eugenol and ginger oil on arthritic rats.
Pharmacology 1994, 49, 314–318. [CrossRef]

26. Reddy, A.M.; Seo, J.H.; Ryu, S.Y.; Kim, Y.S.; Kim, Y.S.; Min, K.R.; Kim, Y. Cinnamaldehyde and
2-methoxycinnamaldehyde as NF-kappaB inhibitors from Cinnamomum cassia. Planta Med. 2004, 70,
823–827. [CrossRef]

27. Khanna, D.; Sethi, G.; Ahn, K.S.; Pandey, M.K.; Kunnumakkara, A.B.; Sung, B.; Aggarwal, A.; Aggarwal, B.B.
Natural products as a gold mine for arthritis treatment. Curr. Opin. Pharmacol. 2007, 7, 344–351. [CrossRef]

28. Liao, J.-C.; Deng, J.-S.; Chiu, C.-S.; Hou, W.-C.; Huang, S.-S.; Shie, P.-H.; Huang, G.-J. Anti-Inflammatory
Activities of Cinnamomum cassia Constituents In Vitro and In Vivo. Evid. Based Complement Alternat. Med.
2012, 429320. [CrossRef]

29. Hurley, M.N.; Smith, S.; Forrester, D.L.; Alan, R.S. Antibiotic adjuvant therapy for pulmonary infection in
cystic fibrosis. Cochrane Database Syst. Rev. 2020, 7, CD008037.

http://dx.doi.org/10.1002/ptr.6723
http://dx.doi.org/10.1002/ptr.4639
http://dx.doi.org/10.1089/jmf.2017.3930
http://dx.doi.org/10.34171/mjiri.33.154
http://dx.doi.org/10.1016/j.gene.2019.01.048
http://dx.doi.org/10.1080/07315724.2018.1460733
http://www.ncbi.nlm.nih.gov/pubmed/29722610
http://dx.doi.org/10.1002/ptr.6633
http://www.ncbi.nlm.nih.gov/pubmed/32048365
http://dx.doi.org/10.1089/jmf.2016.3705
http://dx.doi.org/10.1111/jre.12217
http://dx.doi.org/10.1097/BOR.0000000000000638
http://dx.doi.org/10.1371/journal.pone.0073877
http://dx.doi.org/10.1002/mnfr.201600274
http://dx.doi.org/10.1089/jmf.2009.1084
http://dx.doi.org/10.1159/000139248
http://dx.doi.org/10.1055/s-2004-827230
http://dx.doi.org/10.1016/j.coph.2007.03.002
http://dx.doi.org/10.1155/2012/429320


Nutrients 2020, 12, 3800 12 of 12

30. Ayati, Z.; Yang, G.; Ayati, M.H.; Emami, S.A.; Chang, D. Saffron for mild cognitive impairment and dementia:
A systematic review and meta-analysis of randomised clinical trials. BMC Complement Med. Ther. 2020, 20, 333.
[CrossRef]

31. Hajimonfarednejad, M.; Mohadeseh, O.M.; Raee, M.J.; Mohammad, H.H.; Johannes, G.M.; Mojtaba, H.
Cinnamon: A systematic review of adverse events. Clin. Nutr. 2019, 38, 594–602. [CrossRef]

32. Anh, N.H.; Kim, S.J.; Long, N.P.; Jung, E.M.; Young, C.Y.; Eun, G.L.; Mina, K.; Tae, J.K.; Yang, Y.Y.; Son, E.Y.; et al.
Ginger on Human Health: A Comprehensive Systematic Review of 109 Randomized Controlled Trials.
Nutrients 2020, 12, 157. [CrossRef]

33. Daien, C.; Hua, C.; Gaujoux-Viala, C.; Cantagrel, A.; Madeleine, D.; Maxime, D.; Bruno, F.; Xavier, M.;
Nayral, N.; Richez, C.; et al. Update of French society for rheumatology recommendations for managing
rheumatoid arthritis. Joint Bone Spine 2019, 86, 135–150. [CrossRef]

34. Smolen, J.S.; Landewé, R.B.M.; Bijlsma, J.W.J.; Gerd, R.B.; Maxime, D.; Andreas, K.; Iain, B.M.; Alexandre, S.;
Van Vollenhoven, R.F.; De Wit, M.; et al. EULAR recommendations for the management of rheumatoid
arthritis with synthetic and biological disease-modifying antirheumatic drugs: 2019 update. Ann. Rheum. Dis.
2020. [CrossRef]

Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional
affiliations.

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1186/s12906-020-03102-3
http://dx.doi.org/10.1016/j.clnu.2018.03.013
http://dx.doi.org/10.3390/nu12010157
http://dx.doi.org/10.1016/j.jbspin.2018.10.002
http://dx.doi.org/10.1136/annrheumdis-2019-216655
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Eligibility Criteria 
	Search Strategy 
	Data Extraction 
	Quality Assessment 

	Results 
	Study Selection 
	Study Characteristics 
	Risk of Bias within Studies 
	Results of Individual Studies 
	Garlic Supplementation in Rheumatoid Arthritis 
	Curcumin Supplementation in Rheumatoid Arthritis 
	Ginger Supplementation in Rheumatoid Arthritis 
	Cinnamon Supplementation in Rheumatoid Arthritis 
	Saffron Supplementation in Rheumatoid Arthritis 


	Discussion 
	References

