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Abstract

It has been suggested that curcumin has the potential for lowering inflammation. In the current
meta-analysis, we attempted to clarify the efficacy of curcumin/turmeric supplementation in
reducing concentrations of interleukin (IL)-1, IL-6, IL-8, and tumor necrosis factor (TNF)-a in
patients with an inflammatory background. The main databases were searched to identify
eligible trials evaluating the effect of curcumin in reducing IL-1, IL-6, IL-8, and TNF-Q in serum up
to March 2021. The effect sizes for weighted mean difference (WMD) and 95% confidence
intervals (Cl) were calculated. Overall, 32 randomized controlled trials (RCTs) were included.
There was a significant decrease in the serum levels of IL-1 (WMD= -2.33 pg/ml, 95% Cl=-3.33
to -1.34, P<0.001) and TNF-a (WMD= -1.61 pg/ml, 95% Cl= -2.72, -0.51, P< 0.001) compared to
the placebo group following treatment. Nonetheless, curcumin/turmeric supplementation was
non-significantly associated with levels of IL-6 (WMD = -0.33 pg/ml, 95% CI = -0.99-0.34, P=0.33)
and non-significantly increased levels of IL-8 (WMD= 0.52 pg/ml, 95% Cl= -1.13-2.17, P= 0.53).
The dose-responses analysis indicated that curcumin/turmeric supplementation resulted in IL-1
and IL-8 alteration in a non-linear model. Subgroup analysis according to duration and dose of
treatment and target population revealed diverse outcomes. Curcumin could have a beneficial

effect in reducing the proinflammatory cytokines IL-1 and TNF-@, but not IL-6 and IL-8 levels.
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1. Introduction

Chronic inflammation has been linked to the etiopathogenesis of several disorders, including
cardiovascular, respiratory, gastrointestinal, neurological, musculoskeletal, and endocrine
systems. Additionally, chronic inflammation increases the risk of various malignancies [1-5].
Cytokines are molecules with a glycoprotein or protein structure [6]. They are produced by
stimulated immune cells that function as molecular signals among immune-competent cells [7].
The proinflammatory cytokines, including interleukin (IL)-1, IL-6, IL-8, and tumor necrosis factor
(TNF)-a are the primary molecular contributors of chronic inflammation [8]. These
proinflammatory cytokines could also induce the expression of adhesion molecules, resulting in

vascular dysfunction [9].

The blockers of these cytokines, such as monoclonal antibodies (mAb) and their circulating
receptors, could be potential therapeutic targets in the therapy of various inflammatory
disorders [10]. However, these antibodies are expensive and have adverse side effects [11, 12].
Accordingly, there is a need for reliable, cost-effective, safe and easily accessible agents.
Curcumin is a polyphenolic compound and bioactive dietary polyphenol obtained from the
rhizomes of turmeric (Curcuma Longa) that has been attributed with antiinflammatory
properties [13-15]. Due to low toxicity, extensive pharmacological properties like
antiinflammatory, antioxidant, and anti-carcinogenic effects, curcumin is potentially useful in
several diseases, such as osteoarthritis, rheumatoid arthritis, metabolic syndrome, diabetes,
obesity, anxiety and depression [16, 17]. Curcumin may reduce proinflammatory cytokines by

inhibiting IKB kinase and nuclear factor kappa B (NF-kB) signaling pathways [18, 19]. The



purpose of this meta-analysis was to assess the efficacy of curcumin supplementation on the

circulatory concentrations of proinflammatory cytokines in randomized controlled trials (RCTs).

2. Methods

This study was performed in a stepwise process following the Preferred Reporting Items for
Systematic Reviews and Meta-analyses statement [20]. There was no need for ethical approval

in our meta-analysis.

2.1. Search strategy

An exhaustive systematic search was conducted through PubMed/MEDLINE, ISI web of science,
Scopus and Cochrane Library databases with no time limitation up to March 2021. The
combination of keywords and Medical subject headings (MeSH) were as follows: (“curcumin”
OR “curcuminoid” OR “Curcuma” OR “Curcuma longa” OR “turmeric”) AND (“Interleukin 6” OR
“IL-6” OR “Interleukin 1” OR “IL-1” OR “Interleukin 8” OR “IL-8” OR "tumor necrosis factor-a" OR
“TNF-a”). No restriction filter was imposed on search strategy. Moreover, cross-references

within both eligible and review articles were checked for additional publications.

2.2. Inclusion and exclusion criteria

All studies evaluating the effect of curcumin on proinflammatory cytokines meeting the

following criteria were considered: i) studies with RCT design. ii) studies on the effect of
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curcumin on the blood level (serum / plasma) of proinflammatory biomarkers. iii) studies with
sufficient data regarding the mean changes of the IL-1, IL-6, IL-8, and TNF-a along with standard
deviation (SD) for both intervention and placebo groups. However, duplicates, non-RCTs studies,
studies without a placebo group, letters to the editor, animal studies, case reports, narrative
reviews, studies which investigated the effect of other interventions along with curcumin in

cases but not in the placebo group and studies with insufficient data were excluded.

2.3. Data extraction

Two authors independently screened the literature and extracted the data according to a
predesigned extraction form. The following data were extracted: the first author’s name,
journal, year of publication, ethnicity, country of origin, study design, mean or range of age, the
dosage of curcumin supplements (mg/day), duration of intervention, sample size, the mean and

SD of the proinflammatory cytokines before and after curcumin supplementation.

2.4. Quality assessment

The quality of eligible studies was assessed based on the Jadad score [21]. The following criteria
were used: randomization (2 points), blinding (2 points), and dropout rate (one point). If the
total score were <2 points, the study considered low quality, and if it were 23 points, the study

considered high quality.



2.5. Statistical analyses

Weighted mean difference (WMD) and their 95% confidence intervals (Cl) for the effect of
curcumin on serum IL-1, IL-6, IL-8, and TNF-a levels were used to estimate the overall effect size
in the intervention and placebo groups. For studies not reporting the SD of the mean difference,
it was calculated by SD’= [(SD baseline’+SD final?) -(2x0.8xSD baselinex SD final)]. Cochrane's Q
test and the I test were explored to evaluate potential heterogeneity among included RCTs [22,
23]. According to these tests, Q with a P value less than 0.1 and I’ exceed 50% are signe of
significant heterogeneity. To find the effect of intervention duration and dosage of curcumin on
presence of heterogeneity, meta-regression analysis was applied. Subgroup analyses were
performed to evaluate whether results were effected by intervention duration (< 10 and =10
weeks), the dose of curcumin (< 1000 and 21000 mg/day), and target population. Moreover, the
influence of individual study on the overall effect size was estimated via sensitivity analysis
using the leave-one-out method. Begg’s regression test and visual examination of the funnel
plot were applied to measure publication bias [24, 25]. The statistical tests were performed
using Stata statistical software (version 14.0; Stata Corporation, College Station, TX, USA) and

SPSS (version 23.0; SPSS Inc., Chicago, IL, USA).

3. Results

3.1. Study characteristic

The search and screening process of the literature based on the PRISMA statement is depicted

in Figure 1. A total of 5422 articles were retrieved during the initial search. Application of



inclusion/exclusion criteria resulted in the exclusion of 5405 articles through title and abstract /
full text. Eventually, 17 qualified publications were included in the analysis. Of them, four
studies (three publications) were on IL-1 [26-28], thirteen studies (twelve publications) were on
IL-6 [26, 28-38], five studies (four publications) were on IL-8 [26, 30, 31, 39], and thirteen
studies (twelve publications) were on TNF-a [26, 28, 29, 31-33, 35, 38-42]. All of the included
studies were published between 2008 to 2019. The detailed information, including sample size,
mean or range of age in the intervention and placebo groups, intervention duration, the dosage

of curcumin, and the Jadad score are summarized in Table 1.

3.2. Meta-analyses of curcumin’s effect on the serum level of IL-1

3.2.1. Overall and subgroup analyses

We included four studies concerning the effect of curcumin on the serum level of IL-1. Overall,
these four studies were conducted on 151 patients in the intervention group and 156
individuals in the placebo group. The results showed a significant decrease in the serum level of
IL-1 compared to placebo group (WMD= -2.33 pg/ml, 95% Cl= -3.33 to -1.34, P<0.001).
Additionally, the subgroup analysis did not show any significant association between serum
level of IL-1 with intervention duration (<10 and =10 weeks) and dosage of curcumin (<1000

and = 1000 mg/day) (Table 2).

3.2.2. Dose-response effect of curcumin on serum level of IL-1



To find the non-linear dose-response relationship between curcumin consumption and IL-1
serum level, we carried out dose-response analyses using fractional polynomial modeling. The

results revealed that curcumin decrease IL-1 in a non-linear fashion (P, jinearity,=0-003).

3.3. Meta-analyses of curcumin’s effect on the serum level of IL-6

3.3.1. Overall and subgroup analyses

A total of 13 studies with 403 individuals in the intervention group and 405 individuals in the
placebo group met the inclusion criteria and included in the analysis. The combined results from
the random-effects model showed no significant decrease in IL-6 serum level following

curcumin consumption (WMD =-0.33 pg/ml, 95% Cl = -0.99 to 0.34, P=0.33; Figure 2).

For subgroup analysis, we stratified studies based on curcumin dosage (<1000 and = 1000
mg/day), intervention duration (<10 and 210 weeks) and target population [overweight
participant vs. participants with non-alcoholic fatty liver disease (NAFLD)]. We found that
curcumin decreased the serum level of IL-6 in <1000 mg/day (WMD = -1.79 pg/ml, 95% Cl =
-3.22 to -0.36, P=0.01) (Figure3). However, IL-6 concentration was not affected by duration of
curcumin consumption. Finally, stratification based on target populations also rejected influence
of curcumin on IL-6 level in the overweight participants (WMD = 0.28 pg/ml, 95% Cl = -0.60 to

1.16, P=0.53).

3.3.2. Dose—response effect of curcumin on serum level of IL-6



Following dose-response evaluation, there was no evidence for non-linear dose-response

relations between consumption of curcumin and IL-6 level ( Py, jinearivy,= 0.11; Figure 4).

3.4. Meta-analyses of curcumin’s effect on the serum level of IL-8

3.4.1. Overall and subgroup analyses

The analysis of five studies containing 120 patients in the intervention group and 120 healthy
individuals in the placebo group did not show any statistically significant association between
curcumin consumption and serum level of IL-8 (WMD= 0.52 pg/ml, 95% Cl=-1.13 to 2.17, P=
0.53). Since the intervention duration of all included studies was <10 weeks, and the curcumin

dosage was 21000 mg/day, the subgroup analysis was not applicable (Table 2).

3.4.2. Dose—response effect of curcumin on IL-8 concentration
We found a non-linear dose-response relation between curcumin consumption and IL-8 levels (

Pnon-linearity= 002)

3.5. Meta-analyses of curcumin’s effect on the serum level of TNF-a

3.5.1. Overall analysis and subgroup analyses

Thirteen eligible studies involving 380 individuals in the intervention group and 380 healthy
individuals in the placebo group were included for quantitative analysis. In Figure 2, the serum
TNF-a level in the intervention and placebo groups are compared over 13 studies. Our findings
demonstrated that the TNF-a level in the intervention group was significantly lower than that in
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the placebo group after consumption of curcumin (WMD=-1.61 pg/ml, 95% Cl=-2.72, -0.51, P<
0.001). Furthermore, subgroup analyses was performed based on dose of curcumin (<1000 and
21000 mg/day), duration of intervention (<10 and 210 weeks), and target populations
(overweight and NAFLD). In this regard, we observed a significant effect of curcumin on TNF-a
serum level in dose <1000 mg/day (WMD= -1.99 pg/ml, 95% Cl= -3.58 to -0.39, P= 0.01)
compared to dose 21000. TNF-a concentration was just significantly decreased in 210 weeks
intervention period (WMD= -1.65 pg/ml, 95% Cl= -3.04 to -0.26, P= 0.02) compared to the
placebo group. Furthermore, stratification based on target populations showed that curcumin
increased level of TNF-a in the overweight participant (WMD= 0.37 pg/ml, 95% Cl= 0.14 to 0.59,

P=0.001) and no significant effect was found in NAFLD cases.

3.5.2. Dose-response effect of curcumin on serum level of TNF-a
Following dose-response evaluation, no evidence was observed for non-linear dose response

relations between consumption of curcumin and IL-6 concentration ( P, jineariv,= 0-87; Figure 4).

3.6. Meta-regression analyses

Meta-regression analyses were performed to explore potential sources of heterogeneity among
studies (Table 3). The analyses indicated that none of the expected parameters was the source

of heterogeneity (Figure 5).

3.7. Publication bias
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In this study, we used Begg’s weighted regression test and visual examination of the funnel plot

to measure publication bias. Overall, no significant publication bias was detected (Figure 6).

3.8. Sensitivity analysis

The effect of individual study on the overall WMD was evaluated by sequential omission of each
study. Based on that, we found that the pooled results from this meta-analysis were statistically

robust and did not influence by result of single studies (Figure 7).

4, Discussion

In humans, a wide level of RCTs has addressed the efficacy, safety, and pharmacokinetics of
curcumin supplementation in patients with different inflammatory conditions. Nevertheless, the
results are not concordant, and contradictive conclusions have been achieved. Meta-analysis
benefits from pooling the data from every single study to provide a more precise estimate of
the effect of a particular treatment or other outcomes [43]. As a result, here in the current
assessment, a meta-regression and meta-analyses of RCTs were carried out to gain a valid
approximation of the effect of curcumin supplementation on the proinflammatory mediators in
the context of inflammatory disorders such as type 2 diabetes mellitus and NAFLD. After
performing a systematic literature search and going through rigorous inclusion and exclusion
criteria, 32 qualified studies were included in the quantitative analysis. Four studies were on
IL-1 (151 cases in the intervention group and 156 individuals in the placebo group), thirteen
studies on IL-6 (403 cases in the intervention group and 405 individuals in the placebo group),
five studies on IL-8 (120 cases in the intervention group and 120 individuals in the placebo
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group), and thirteen studies (380 cases in the intervention group and 380 individuals in the
placebo group) on TNF-a. Overall pooled analysis indicated that curcumin supplementation had
a significant association with reduced levels of all proinflammatory cytokines evaluated, namely

TNF-q, IL-1, IL-6 and IL-8.

The antiinflammatory and anti-oxidant characteristics of curcumin and corresponding
compounds have been observed in the animal as well as in vitro studies [44], proposing a
therapeutic potential in the treatment of several autoimmune and autoinflammatory disorders
[45, 46]. However, several reports have testified otherwise. For example, curcuminoids
supplementation was reported to be ineffective in the improvement of inflammatory
manifestations in hyperlipidemic subjects [34]. Concerning the mechanism of action, curcumin
is thought to be involved in alleviating the inflammation through interfering with the signaling

pathways of NF-KB and IKB kinase [47].

Previously, several meta-analyses have been conducted to assess the effect of the
curcumin/turmeric on inflammation. In 2014, Sahebkar et al. conducted the first analysis on the
effect of curcumin supplementation on the C-reactive protein (CRP) level in inflammatory
disorders. This study reported that curcuminoids were significantly associated with a lowering in
the CRP levels [48]. Following this, the same group performed an RCT and updated
meta-analysis in 2015, indicating that there was a significant reduction in serum CRP levels after
curcumin supplementation [49]. On the other hand, concerning cytokines, Derosa et al. in 2016
included nine RCTs (involving 10 intervention/placebo comparisons, containing 305 intervention
subjects and 304 placebo subjects). They found a significant decrease of IL-6 serum levels

following curcuminoids supplementation (WMD: -0.60 pg/mL). However, meta-regression did
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not show any significant association between the serum IL-6 lowering effects of curcuminoids
with either dose or duration of treatment [50]. In 2018, Tabrizi et al. conducted an updated
meta-analysis to investigate the effects of curcumin supplementation on the inflammatory
factors and oxidative stress. In that study, 15 RCTs were included, and it was observed that
curcumin supplementation significantly reduced IL-6, high-sensitivity CRP (hs-CRP), and
malondialdehyde (MDA) concentrations. Nonetheless, curcumin supplementation did not have
a significant impact on TNF-a concentration in serum [51]. White et al. performed the latest
meta-analysis and included 19 RCTs (two for IL-13, eight for IL-6, and eight for TNF-a). The
analysis indicated that curcumin/turmeric did not significantly decrease levels of IL-1j3, IL-6, and
TNF-a. The study considered curcumin and turmeric separately and reported no differences
between turmeric and curcumin interventions. However, high heterogeneity of effects was
detected for IL-1, IL-6, and TNF-a across studies [52]. This meta-analysis revealed that
curcumin/turmeric supplementation did not decrease the IL-1, IL-6, and TNF-a levels in patients

with inflammatory conditions.

In the current most up-to-date meta-analysis of RCTs with respect to effect curcumin/turmeric
supplementation on the serum levels of proinflammatory cytokine, 32 qualified studies were
included. Separately for each cytokine, we included four studies were on IL-1
(intervention/placebo; 151 vs. 156), thirteen studies on IL-6 (intervention/placebo; 403 vs. 405),
five studies on IL-8 (intervention/placebo; 120 vs. 120), and thirteen studies
(intervention/placebo; 380 vs. 380) on TNF-a, which included significantly stronger sample size
in comparison to previous analyses concerning several studies as well as the frequency of the

individuals. The analysis revealed a significant decrease in the serum level of IL-1 compared to
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the placebo group (WMD= -2.33 pg/ml). Nonetheless, the subgroup analysis did not show any
significant association between the serum level of IL-1 and duration and dose of treatment.
Applying the fractional polynomial modeling, the dose-response analysis indicated that
curcumin/turmeric supplementation resulted in IL-1 reduction in a nonlinear model.
Interestingly, the pooled analysis indicated that curcumin/turmeric supplementation does not
influence IL-6 serum level (WMD = -0.33 pg/ml). The subgroup analysis indicated that
curcumin/turmeric supplementation decreased the serum level of IL-6 in <1000 mg/day (WMD
= -1.79 pg/ml). Besides, no evidence for non-linear dose-response relation was detected
between curcumin/turmeric supplementation and IL-6 levels. Although an increased level of
IL-8 was detected following curcumin/turmeric supplementation, the difference was not
statistically significant. However, for all five studies included, the intervention duration was <10
weeks, and the treatment dose was 21000 mg/day. Interestingly, the non-linear dose-response
relation between curcumin consumption and serum level of IL-8 was statistically significant.
Finally, the pooled analysis indicated that curcumin/turmeric supplementation was effective in
the reduction of TNF-a level in the intervention group (WMD=-1.61 pg/ml). A significant effect
of curcumin/turmeric supplementation on TNF-a concentration was detected in doses <1000
mg/day compared to doses 21000. The other interesting finding in subgroup analyses was the
duration of intervention. TNF-a concentration was significantly decreased only in 210-weeks
intervention period. Furthermore, stratification based on target populations showed that
curcumin increased level of TNF-a in the overweight participants and no significant effect was

detected in the NAFLD subjects.
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The results of the current meta-analysis were partially in contradiction; However,
curcumin/turmeric supplementation decreased the levels of IL-1, and TNF-a levels, increased
levels of IL-8 (statistically non-significant) were detected. These findings put doubt on the
efficacy of curcumin/turmeric supplementation on the reduction of inflammation in patients.
That notwithstanding, we did not evaluate the effects of curcumin/turmeric supplementation
on the clinical outcomes, and only the proinflammatory cytokines were assessed individually.
However, it was not the purpose of this study to determine the effect of curcumin/turmeric
supplementation on clinical outcomes. Nonetheless, the findings of this meta-analysis are still
worthy and provide a basis for further studies in large scales since meta-analyses are in the top
of the hierarchy of evidence [43]. Additionally, it should be noted that increased or non-altered
levels of proinflammatory cytokines upon curcumin/turmeric supplementation does not
necessarily suggest that it would not be beneficial at reducing clinical events, since
curcumin/turmeric might function via lipoxygenase, cyclo-oxygenase, or other pathways [53],

but not just through NF-kB and IKB kinase signaling pathways [52, 53].

In comparison to the previous meta-analysis, in which a significant heterogenicity was detected,
we performed several statistical analyses to search for the source of heterogenicity and
publication bias in the current meta-analysis. We found no substantial statistical and
methodological heterogeneity across RCTs. First, the subgroup analysis was conducted based on
the duration of intervention, treatment dose, and target population. Second, meta-regression
analyses showed that none of the expected heterogeneity parameters was the source of
heterogeneity. Third, we used Egger’s weighted regression test and visual examination of the

funnel plot to determine the publication bias, resulting in no significant publication bias. Fourth,
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the impact of each study on the overall WMD was determined through sequential omission of
individual study. The analyses revealed that no individual study significantly impressed the

overall WMD.

Our meta-analysis has several limitations and caveats. First, we did not evaluate several other
inflammatory markers, such as CRP, hs-CRP and other cytokines lacking enough data, such as
IL-17 and IL-22. Second, although we did not analyze the effect of curcumin/turmeric
supplementation on the clinical inflammatory manifestations, currently there are no ongoing
RCT determining the impact of curcumin/turmeric supplementation on the clinical outcomes of

patients with chronic inflammatory conditions.

Conclusion

The current meta-analysis was the most up-to-date study that contained a significantly higher
frequency of studies and individuals in the intervention/placebo groups and indicated beneficial
effects of curcumin/turmeric supplementation in reducing the levels of proinflammatory
cytokines such as IL-1 and TNF-a. Nonetheless, the analyses revealed no significantly decreased
IL-6 serum concentration upon curcumin/turmeric therapy. However, no publication bias, as
well as substantial statistical and methodological heterogeneity, were recognized across RCTs.
Even though curcumin or curcuminoid seems to be potentially promising compounds in
decreasing systemic inflammation in cases with inflammatory settings, currently there is no

consensus on the decisive antiinflammatory properties of it. To empower the findings of current
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meta-analysis and reach a conclusion of the antiinflammatory characteristics of the

curcumin/turmeric supplementation, additional RCTs are still mandatory.
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RCTs, randomized controlled trials; IL, interleukin; TNF, tumor necrosis factor; mAb, monoclonal
antibodies; PRISMA, Preferred Reporting Items for Systematic reviews and Meta-Analyses; NOS,
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Figure 2. Forest plot presenting WMD and 95% CI for the effect of curcumin on IL-6 and
TNF-a serum level in overall population for IL-6 (A) and TNF-a (B).
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Figure 3. Forest plot presenting WMD and 95% CI for the effect of curcumin on IL-6 and
TNF-a serum level in subgroups; A: IL-6 based on dosage (mg/day), B: TNF-a based on
intervention duration (week).
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Figure 4. Fracpoly regress for the effect of curcum on serum level of IL-6 (A) and TNF-a

(B).
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Figure 5. Random-effects meta-regression plots of the association between WMD of IL-6
and TNF-a and curcumin supplementation based on A:intervention duration (IL-6) and B:
dosage (TNF-a).
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Figure 6: Funnel plots detailing publication bias in studies included in the meta-analysis of the
effect of curcumin on IL-6 (A), TNF-a (B).
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Figure 7. Leave-one-out sensitivity analyses of the impact of curcumin consumption on the
serum levels of IL-6 (A), and TNF-a (B).
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Table 1. Demographic characteristics of the included studies.

Intervention

Intervention / Control Mean age ) Target Dosage
Year Country (s le size) (Intervention / Duration lati (mg/day) Interver
ample size opulation mg/da
p Control) (Week) R e
2014 Iran 15/15 18-65 / 18-65 4 Overweight 1000 Curct
2014 Iran 15 /15 18-65/ 18-65 4 Overweight 1000 Curct
Knee
2016 India 78/ 82 50.23+8/50.27+8 16 Osteoarthriti 500 Curcu
s
2019 Japan 43 /44 58.8£5.3/58.5+5.3 12 Overweight 900 Curcu
2008 India 23/21 55.52 +10/49.75 + 8.18 8 T2DM 300 curcu
2012 Iran 40/ 40 47.5+10/48.3+8.5 4 Chronic 1000 curct
cutaneous
2012 USA 30/30 55.7+1.4 / 57.7+1.7 4 Overweight 112 Tur
2014 Iran 15/15 18-65 / 18-65 4 Overweight 1000 Curct
2014 Iran 15/15 18-65/ 18-65 4 Overweight 1000 Curct
Knee
2014 Iran 19/21 57.32+8 / 57.57+9 6 . 1500 curct
Osteoarthritis
2016 Germany 42 /42 NR / NR 6 Hyperlipidemic 294 Curct
2016 Iran 50/50 44.80 + 8 /43.46 £ 9.7 8 Mts 1000 Cur
2017 Iran 35/36 49.6 +16 /NR 12 ESRD 1500 Tui
2018 Iran 19/19 37.36+1.9 /43.46 £ 9.70 8 Migraine 80 Nano-
2019 Japan 43 /44 58.8+5.3/585+5,5 12 Overweight 900 Curcu
2019 Iran 30/30 16.03+1.5/15.98+1 10 Overweight 500 Cur
2019 Iran 42 /42 41.86+5.6 /42.5+6.2 12 NAFLD 80 Nano-
2011 Iran 20/20 52.9+9.2/52.6+9.7 8 Diabetic 1500 Tur
nephropathy
2012 Iran 40/ 40 47.5+10.7/48.3+85 4 Chronic 1000 curct
cutaneous
2012 USA 30/30 55.7+1.4 /57.7+1.7 4 Overweight 112 Turmel
2014 Iran 15/15 18-65/ 18-65 4 Overweight 1000 Curct

37



2014 Iran 15/ 15 18-65/ 18-65 4 Overweight 1000 Curct
2008 India 23/21 55.52+10/49.75+8.1 8 T2DM 300 curcu
2011 Iran 20/20 52.9+9.2/52.6+9.7 8 nez:frt;it;:hy 1500 Tu
2012 USA 30/30 55.7+1.4 /57.7+1.7 4 Overweight 112 Tu
2014 Iran 15/ 15 18-65/ 18-65 4 Overweight 1000 Curct
2014 Iran 15/ 15 18-65/ 18-65 4 Overweight 1000 Curct
Knee
2014 Iran 19/21 57.32+8.7 / 57.5749.05 6 Osteoarthriti 1500 curct
s
2016 Iran 50/50 44.80+8.6/43.46+9.7 8 Mts 1000 Curct
2017 Iran 28 /28 30.54+4/30+3.96 10 Infertility 80 Cur
2017 Iran 35/36 49.6 + 16.8 / NA 12 ESRD 1500 Tul
2019 Japan 43 /44 58.8+5.3/585+5.5 12 Overweight 900 Cu
2019 Iran 25/23 11.5+46.1/10.9%45.1 12 NAFLD 1500 Cur
2019 Iran 42 /42 41.86+5.6/425+6.2 12 NAFLD 80 Nano-
2019 Iran 35/35 40.1+13.2/40.6+12.4 8 Ulzzlriatit;"e 1500 cur

IL; Interleukin, TNF-a; Tumor necrosis factor-a, NR; Not reported, Mts; Metabolic syndrome, T2DM; Type 2 diabetes

mellitus, NAFLD; Non-alcoholic fatty liver disease, ESRD; End-Stage Renal Disease.

Table 2. The effects of curcumin consumption on inflammatory biomarkers in overall population

and subgroup analyses.

Weighted 95%Cl (P value) 1
Parameter Number of trials mean difference
IL-1
Overall 4 -2.33 -3.33 to -1.34 (<0.001)
Subgroup
<1000 2 -0.02 -0.17 t0 0.12 (0.73)

Dosage (mg/day)
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-7.32

>1000 2 -21.76 t0 7.11 (0.32)

<10 2 -0.02
duration (week) 210 2 -7.32 -21.76 t0 7.11 (0.32)
IL-6
Overall 13 -0.33 -0.99 t0 0.34 (0.33)

Subgroup

<1000 7 1.79- -3.22 t0 -0.36 (0.01)
Dosage (mg/day)

>1000 6 0.50 -0.24 t0 1.23 (0.18)

<10
Intervention 9 -0.21 -0.88 t0 0.46 (0.54)
duration (week) 210 4 -0.89 -5.22, 3.43 (0.68)
Target population  Overweight 5 0.28 -0.60 to 1.16 (0.53)
IL-8
Overall 5 0.52 -1.13 t0 2.17 (0.53)
TNF-a
Overall 13 -1.61 -2.72 to -0.51 (<0.001)
Subgroup

<1000 5 -1.99 -3.58 to -0.39 (0.01)
Dosage (mg/day)  =1000 8 -1.31 -3.29 t0 0.68 (0.19)
Intervention <10 8 -1.65 -3.04 to -0.26 (0.02)
duration (week) 210 5 131 -3.66 to 1.04 (0.27)

Overweight 4 0.37 0.14 to 0.59 (<0.001)
Target population

NAFLD 2 -3.25 -9.49 t0 2.99 (0.30)

IL; Interleukin, ClI; Confidence interval, TNF-Q; Tumor necrosis factor-a, NAFLD; Non-alcoholic fatty liver disease
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Table 3. Findings from meta-regression on the effects of curcumin consumption on
inflammatory biomarkers.

Parameter Coefficient Standard Error 95%CI
IL-1

Dosage 0.03 0.04 -0.009, 0.050
Intervention Duration -0.94 0.54 -3.29, 1.40
IL-6

Dosage 0.002 0.002 -0.0032, 0.0085
Intervention Duration 0.19 0.079 -0.02,0.37
IL-8

Dosage -0.003 0.003 -0.012, 0.011
Intervention Duration -1.82 5.61 -19.69, 16.03
TNF

Dosage 0.002 0.002 -0.003, 0.005
Intervention Duration -0.15 0.50 -1.26, 0.94

IL; Interleukin, TNF-a; Tumor necrosis factor-a
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