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Introduction: Curcuminoids are known anti-inflammatory molecules with multiple mechanisms of action
while adiponectin is an anti-inflammatory molecule secreted by the adipocytes. Curcuminoids may
upregulate the expression of adiponectin and thus modulate their levels in serum. A meta-analysis was
performed to identify randomized controlled trials evaluating the effect of curcuminoids on adiponectin
concentrations.

geyword;: Materials and Methods: The search included PubMed-Medline, Scopus, ISI Web of Science and Google
Agggg?el?tin Scholar databases (from inception to October 20, 2018) and the quality of studies was assessed according
Adipokine to Cochrane criteria. Quantitative data synthesis was conducted using a random-effects model and sen-

sitivity analysis by the leave-one out method. Additional analysis was performed to assess the impact of
potential confounders on adiponectin levels.
Results: The meta-analysis of five randomized clinical trials (n=686) showed a significant elevation of
plasma adiponectin concentrations following supplementation with curcuminoids (WMD: 6.47 ng/mL,
95% CI: 1.85, 11.10, p =0.010; 1> =94.85%). The effect size was robust in the leave-one-out sensitivity
analysis and the effect size was not driven by a single study in the meta-analysis.
Conclusion: This meta-analysis showed a significant increase in plasma levels of adiponectin following
curcuminoids therapy, which may be one of the mechanisms of anti-inflammatory activity of curcumin.
© 2019 Asia Oceania Association for the Study of Obesity. Published by Elsevier Ltd. All rights
reserved.

Adipose tissue
Meta-analysis

Introduction kB (NFkB) and the expression of inflammatory cytokines such as

tumor necrosis factor-a, (TNF-a), Interleukin- (IL-) 6, IL-1, mono-

Curcuminoids are polyphe nolic compounds found in Curcuma
longa L. (turmeric) widely known in Asian countries for their bene-
ficial effects on human health [1]. These extracts from rhizomes
of the plant have shown antioxidant [2,3], anti-inflammatory
[4], immunomodulatory [5], antitumor [6], cardioprotective |[7,8],
hepatoprotective [9] and antidepressant properties [ 10]. The mech-
anism of the anti-inflammatory action of curcuminoids has been
suggested to be mediated by downregulation of nuclear factor
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cyte chemoattractant protein 1 (MCP-1) leptin and resistin [11].
Adiponectin is the most abundant peptide secreted by
adipocytes, produced by both white and brown adipose tissues:
its plasma concentration is significantly reduced in obesity, insulin
resistance/type 2 diabetes and cardiovascular diseases [12,13]. In
fact, adiponectin directly improves glucose metabolism and insulin
sensitivity, and reduces atherogenesis [14]. At least a part of its
antiatherogenic and antidiabetic properties could be related to its
anti-inflammatory properties by inhibition of nuclear factor-kappa
B (NF-kB) activation [12]. Moreover, adiponectin reduces the syn-
thesis of proinflammatory cytokines including TNF-« and IL-6 [13].
Recent studies suggest that curcumin can activate the expres-
sion of adiponectin [15]. Given the relatively small sample size
of previous clinical trial assessing the effect of curcumin on
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adiponectin plasma level, we carried out a meta-analysis of the
available randomized controlled trials in order to clarify the impact
of curcumin supplementation on the plasma level of this adipokine.

Materials and methods
Search strategy

This study was designed according to the guidelines of the pre-
ferred reporting items for systematic reviews and meta-analysis
(PRISMA) statement [16]. PubMed-Medline, Scopus, ISI Web of
Science and Google Scholar databases were searched using the
following search terms in titles and abstracts:(curcumin OR cur-
cuminoid OR curcuminoids OR Curcuma OR “Curcuma longa”) AND
(adiponectin). The wild-card term “*” was used to increase the sen-
sitivity of the search strategy. The search was limited to articles
published in English language. The literature was searched from
inception to October 20, 2018.

Study selection

Original studies were included if they met the following
inclusion criteria: (i) being a randomized controlled trial with
either parallel or cross-over design, (ii) investigating the impact
of curcuminoid products on plasma/serum concentrations of
adiponectin, and, (iii) presentation of sufficient information on
adiponectin concentrations at baseline and at the end of follow-up
in each group or providing the net change values. Exclusion criteria
were: (i) uncontrolled trials, (ii) observational studies with case-
control, cross-sectional or cohort design, and (iii) lack of sufficient
information on baseline or follow-up adiponectin concentrations.

Data extraction

Eligible studies were reviewed and the following data were
abstracted: (1) first author’s name; (2) year of publication; (3)
Country were the study was performed; (4) study design; (5) num-
ber of participants in the curcuminoids and control groups; (6)
dose of curcuminoids; (7) treatment duration; (8) age, gender and
body mass index (BMI) of study participants; and (9) data regarding
baseline and follow-up plasma concentrations of adiponectin.

Quality assessment

The quality of involved studies in this meta-analysis was evalu-
ated using the Cochrane criteria. Selection bias, performance bias,
attrition bias, detection bias, reporting bias and other sources of
bias were judged to be high, low or unclear in each of the included
studies.

Quantitative data synthesis

Meta-analysis was conducted using Comprehensive Meta-
Analysis (CMA) V2 software (Biostat, NJ) [17]. Effect size was
calculated as: (measure at the end of follow-up in the treatment
group — measure at baseline in the treatment group) - (measure
at the end of follow-up in the control group — measure at baseline
in the control group). Standard deviations (SDs) of the mean dif-
ference were calculated using the following formula: SD =square
root (SD pre-treatment)2 +(SD post-treatment)2 122 - (2R x SD
pre-treatment x SD post-treatment), assuming a correlation coef-
ficient (R)=0.5. Arandom-effects model (using DerSimonian-Laird
method) and the generic inverse variance weighting method were
used to compensate for the heterogeneity of studies in terms of
study design, treatment duration, and the characteristics of popu-
lations being studied [18]. Inter-study heterogeneity was assessed

using I, index and Q test. All values were collated as ng/mL. If the
outcome measures were reported in mean and range, SD values
were estimated using the method described by Hozo et al. [19].
Effect sizes were expressed as weighted mean difference (WMD)
and 95% confidence interval (CI). In order to evaluate the influ-
ence of each study on the overall effect size, a sensitivity analysis
was conducted using the leave-one-out method (i.e., removing one
study each time and repeating the analysis) [20].

Results
Flow and characteristics of included studies

Overall, 124 articles were found following multi-database
search. After screening the titles and abstracts and removing non-
original (n=41) and non-relevant (n=73) studies, 10 articles were
assessed in full text. Of these, five more papers were removed
for not assessing plasma adiponectin levels, yielding five stud-
ies comprising seven curcuminoids treatment arms for the final
analysis (Fig. 1) [21-25]. Data were pooled from five randomized
placebo-controlled clinical trials comprising 686 subjects, includ-
ing 379 and 336 participants in the curcuminoids and placebo arms,
respectively. Two trials included more arms: one spitting children
and adult patients. Included studies were published between 2012
[21] and 2017 [22]. The range of intervention periods was from 1
month [23] to9 months [21]. All included trials were parallel design
[21-25]. The characteristics of the selected studies are shown in
Table 1.

Risk of bias assessment

Three studies were characterized by insufficient information
regarding random sequence generation and allocation conceal-
ment [22-24]. Two trials showed lack of information with respect to
blinding of participants, personnel and outcome assessors [22,24],
and one study had high risk of bias for this criterion [23]. However,
all evaluated trials exhibited low risk of bias for incomplete out-
come data and selective outcome reporting [21-25]. Details of the
risk of bias assessment are shown in Table 2.

Effect of curcuminoid supplementation on plasma adiponectin
concentrations

Meta-analysis of data from five randomized clinical trials com-
prising 7 treatment arms showed a significant elevation of plasma
adiponectin concentrations following supplementation with cur-
cuminoids (WMD: 6.47 ng/mL, 95% CI: 1.85, 11.10, p= 0.010;
I2=94.85%) (Fig. 2). The effect size was robust in the leave-one-
out sensitivity analysis (Fig. 2) and the effect size was not driven by
one single study.

Discussion

This meta-analysis showed that curcuminoids administration
significantly increased plasma adiponectin concentrations in ran-
domized controlled trials. This is in accord with the increased levels
of serum adiponectin after curcuminoids therapy in patients with
type 2 diabetes [24]. The potential mechanism that may explain the
effect of curcumin is through increased expression of adiponectin
in adipocytes [25] resulting in elevation of circulating adiponectin
levels [26].

Curcumin treatment acts by reducing macrophage infiltra-
tion in white adipose tissue, decreasing hepatic NF-kB activity
and inhibiting the production of inflammatory markers such as
TNF-a, IL-6, IL-1B3, and IL-8 [26,27] resulting in protective car-
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systematic review and
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Fig. 1. Flow chart of the number of studies identified and included into the meta-analysis.

Table 1
Main characteristics of the included studies.
Author (year) Study design Target Treatment N Study groups Age, years  Females (n, %) BMI (kg/m?) Adiponectin
population  duration (ng/ml)
Chuengsamarn  Randomized double-blind, . 119 Curcumin 1.5g/day 56.9+11.9 77 (64.9%) 26.6+5.2 18.1+13.0
etal.[21] placebo-controlled Prediabetes  9months {15 pjaceno 5794127 74 (64.4%) 266454 1864134
Chuengsamarn  Randomized double-blind,  Type 2 107 Curcumin 1.5 g/day 59.1+£10.3 57(53.3%) 27.0+£53 9.2
etal.[24] placebo-controlled diabetes 6 months (1.3-34.6)°
106 Placebo 50.54+10.2 59 (55.7%) 26.8+4.3 9.9
(1.7-49.5)*
29  Children 147+45 ND 33.9+6.2 16.7+5.5
15 Curcumin 500 mg/day ND ND ND 16.2+3.8
Ismail et al. Randomized open-label, Obese 14  Placebo ND ND ND 17.2+£7.0
(23] placebo-controlled children Tmonths 59 Aquies 375499 ND ND 173439
and adults 15  Curcumin 500 mg/day ND ND ND 157433
14  Placebo ND ND ND 16.9+4.0
Panahi et al. Randomized double-blind, = Metabolic 50 Curcumin 1 g/day 448+ 8.6 23 (46%) 254+24 12.6+2.1
[25] placebo-controlled syndrome 2 months 50  Placebo 43.4+9.7 27 (34%) 22.8+53 12.7+£2.1
Curcumin 40.0+£10. ND 30.6+5.0 33.9+18.0
Salahshooh Randomized double-blind, = Metabolic 37 Phospholipid 1g/day 4 ND 30.6+3.5 283+17.2
etal. [22] placebo-controlled syndrome 6 weeks 36 Curcumin 37.5+93 ND 31.2+4.6 52.2+24.9
36 Placebo 38.5+10.2
Values are expressed as mean + SD.
BMI =Body Mass Index; IQR = Interquartile range; NAFLD = non-alcoholic fatty liver disease; ND = No data.
2 Mean (IQR).
Table 2
Quality of bias assessment of the included studies according to the Cochrane guidelines.
Author (year) Sequence Allocation Blinding of Incomplete Selective Other sources
generation concealment participants, outcome data outcome of bias
personnel and reporting
outcome assessors
Chuengsamarn et al. [21] L L L L L L
Chuengsamarn et al. [24] L L L L L L
Ismail et al. [23] U U H L L U
Panahi et al. [25] 8] 8] 8] L L u
Salahshooh et al. [22] U U u L L 0]

L=Low risk of bias; H= High risk of bias; U=Unclear risk of bias.
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Study name Statistics for each study Difference in means and 95% Cl

Difference Standard Lower Upper

in means error Variance limit limit 2-Value p-Value
Panahi et al., 2016 5.42 0.77 0.60 3.91 6.93 7.01 0.00 -
Salahshooh et al., 2017a 0.60 493 2433 -9.07 1027 0.12 0.90
Salahshooh et al., 2017b 25.40 8.06 64.89 9.61 41.19 3.15 0.00 ——
Ismail et al., 2016a 1.49 1.92 369 -227 525 0.78 0.44
Ismail et al., 2016b 248 0.88 0.77 076 420 283 0.00
Chengsamarn etal.,, 2014  15.30 1.00 099 1335 1725 1534 0.00 .
Chengsamarn et al., 2012 4.30 1.52 2.31 132 728 2.83 0.00 .'

6.47 2.36 5.56 185 11.10 2.74 0.01 ’
-45.00 -22.50 0.00 22.50 45.00
Favours Placebo Favours Curcuminoids
Study name Statistics with study removed Difference in means (95%
Standard Lower Upper CI) with study removed
Point error  Variance limit limit Z-Value p-Value
Panahi et al., 2016 6.96 3.23 10.43 0.63 13.29 2.15 0.03 ——
Salahshooh etal. 2017a 713 250 625 223 1203 28 0.0 S o
Salahshooh et al. 2017b 5.32 2.39 571 064 1001 223 0.03 -l
Ismail et al,, 2016a 7.43 262 6.86 230 1257 284  0.00 =
Ismail et al., 2016b 7.38 2.79 780 191 1285 264  0.01 =
Chengsamarn et al., 2014 3.88 1.18 1.38 158 6.18 3.30 0.00 .
Chengsamarn et al., 2012 6.97 2.75 7.57 1.58 12.37 2.53 0.01 —.—
6.47 2.36 5.56 1.85 11.10 2.74 0.01 &
-45.00 -22.50 0.00 22.50 45,00

Favours Placebo Favours Curcuminoids

Fig. 2. Forest plot displaying weighted mean difference and 95% confidence intervals for the impact of curcuminoids supplementation on plasma adiponectin concentrations.

Lower Plot shows the results of leave-one-out sensitivity analysis.

diometabolic effects of this polyphenol [28]. Moreover, it has been
suggested that curcumin therapy reduces inflammation due to vis-
ceral adiposity along with adiponectin elevation [26], and may
inhibit adipogenesis [29]. Adiponectin plays a pertinent role in the
pathogenesis of obesity-related diseases including metabolic syn-
drome, diabetes, dyslipidemia, hypertension, and cardiovascular
disease [16,17,30,31]. The favourable impact of curcuminoids sup-
plementation on cardiometabolic disorders may be attributed, at
least in part, due to the increased serum adiponectin concentra-
tions leading to its protective effects including anti-inflammatory,
antioxidant, antithrombotic, and antiatherosclerotic activities [32].

Limitations of this meta-analysis include that there were rela-
tively few studies to include in the analysis and therefore a limited
number of participants leading to a small sample. In addition, three
of the five studies included were of short treatment duration (<2
months) that may have been too short to fully show the efficacy
of curcuminoid products on plasma adiponectin levels. Finally, the
differences in the bioavailability of tested products might explain
different findings and thus made it impossible to perform a meta-
regression analysis on the association of adiponectin levels with
the administered dosages of curcuminoids.

In conclusion, the results of this meta-analysis showed a signif-
icant increase in plasma levels of adiponectin after curcuminoids
therapy. However, further studies are warranted of larger power
and longer duration for confirmation of this curcuminoid effect.
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