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Abstract

Background: There are current trials investigating the effect of resveratrol supplementation on lipid profiles and
liver enzymes among patients with metabolic syndrome (MetS) and related disorders; however, their findings are
controversial. This systematic review and meta-analysis were aimed to determine the effects of resveratrol
supplementation on lipid profiles and liver enzymes among patients with MetS and related disorders.

Methods: We performed a comprehensive search of the following online databases up to November 2018:
Cochrane Library, PubMed, Embase, and Web of Science. The relevant articles were assessed for quality of
studies using the Cochrane risk of bias tool.

Results: Out of 2459 citations, 31 articles were appropriate for including to the current meta-analysis. The
pooled results indicated that resveratrol use significantly decreased total cholesterol [weighted mean difference
(WMD) =—7.65mg/dL; 95% Cl, — 12.93, — 2.37; P < 0.01; 1% 83.4%)] and increased gamma-glutamyl transferase (GGT)
concentrations (WMD = 1.76 U/I; 95% Cl, 0.58, 2.94; P < 0.01: 1% 20.1%). We found no significant effect of resveratrol
supplementation on triglycerides (WMD =—5.84 mg/dL; 95% Cl, —12.68, 1.00; P =0.09; 1%: 66.8%), LDL-
(WMD =-2.90 mg/dL; 95% Cl, — 10.88, 5.09; P = 047; I 96.0%), HDL-cholesterol (WMD = 0.49 mg/dL; 95% Cl, — 0.80, 1.78;
P =045; 1 74.0%), alanine aminotransferase (ALT) (WMD =-0.14 U/l 95% Cl, — 3.69, 341; P = 0.93; 1% 79.6%), and aspartate
aminotransferase (AST) (WMD = -0.34 U/I; 95% CI, — 2.94, 2.27; P = 0.80; 1% 88.0%) concentrations.

Conclusions: This meta-analysis demonstrated that resveratrol supplementation among patients with MetS and related
disorders significantly reduced total cholesterol and increased GGT concentrations, but did not affect triglycerides, LDL-,
HDL-cholesterol, ALT, and AST concentrations. This data suggests that resveratrol may have a potential cardio-protective
effect in patients with MetS and related disorders.
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Background

Increased concentrations of circulating lipid profiles
are a strong risk factor for cardiovascular disease [1];
high concentrations of total-, LDL-cholesterol, or tri-
glycerides, as well as, low concentrations of HDL-
cholesterol are consistently correlated with incidence
of cardiovascular diseases (CVDs) [2, 3]. Metabolic
syndrome (MetS) is considered as an insulin resistant
syndrome comprising impaired glucose tolerance, de-
creased insulin sensitivity, dyslipidemia, central obes-
ity, and hypertension, all of which are well- established
risk factors for CVDs [4]. In addition, MetS is corre-
lated with non-alcoholic fatty liver disease (NAFLD),
type 2 diabetes mellitus (T2DM), colorectal disease,
atrial fibrillation and hypothyroidism [5, 6]. NAFLD is
also associated with impaired liver enzymes, including,
alanine aminotransferase (ALT) and aspartate amino-
transferase (AST), dysfunctional fat cells, and adipose
tissue insulin resistance, resulting in hyperglycemia
and dyslipidemia [7, 8].

The beneficial effects of resveratrol, plant sterols, and
stanols on lipid profiles and modifying cardiovascular
risk factors have been reported [9-13]. Resveratrol is a
natural polyphenolic compound found mainly in peanuts
and in the skin of red grapes that is used as a dietary
supplement to improve metabolic profiles [14]. The ef-
fects of resveratrol supplementation on lipid profiles and
liver enzymes have already been evaluated; however,
these findings are controversial. In a meta-analysis on
seven randomized controlled trials (RCTs), conducted
by Sahebkar et al. [15], resveratrol supplementation had
no effect on lipid profile. In another meta-analysis
conducted by Hausenblas et al. [16], resveratrol supple-
mentation to patients with T2DM was more effective on
the systolic blood pressure, hemoglobin Alc, and cre-
atinine, but did not affect fasting glucose, insulin resist-
ance, diastolic blood pressure, insulin, triglycerides,
LDL-and HDL-cholesterol concentrations. However, an-
other meta-analysis of then RCTs showed no effects of
resveratrol supplementation on total-, LDL-cholesterol,
triglycerides, and fasting glucose concentrations [17].
Differences in study design, study population’s charac-
teristics, the dosage of resveratrol used, and the duration
of intervention might explain the discrepancies among
different studies.

We aimed to systematically review the trials investigat-
ing the effect of resveratrol supplementation on lipid
profiles and liver enzymes and to summarize the impact
among patients with MetS and related disorders.

Methods

PRISMA guideline (ERF) (the preferred reporting items
for systematic reviews and meta-analyses) was used to
design and implement this meta-analysis.
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Search strategy

Two independent authors (MA and OT) performed a
comprehensive search to identify the relevant RCTs
through inception up to November 2018. Online data-
bases, including Cochrane Library, PubMed, Embase,
and Web of Science databases by using the following
MeSH and text keywords: patients [“Mets” OR “NAFLD”
OR “disorders related to MetS” OR “diabetes” OR
“T1DM” OR “T2DM” OR “overweight” OR “obese” OR
“chronic kidney disease” OR “hypertension” OR “high
blood pressure” OR “dyslipidemia” OR “CVD”], interven-
tion (“resveratrols” OR “resveratrol” AND “use” OR
“supplementation” OR “intake”), and outcomes lipid pro-
files [“triglycerides” OR “total cholesterol” OR “LDL-
cholesterol (LDL-C)” OR “HDL-cholesterol (HDL-C)”]
and liver measurements [“alanine aminotransferase
(ALT)” OR “aspartate aminotransferase (AST)” OR
“gamma-glutamyl transferase (GGT)”]. Clinical trials re-
trieved that estimated the effect of resveratrol intake on
lipid profiles and/or liver enzymes. Our search strategy
was limited to human RCTs published in English lan-
guage. We conducted a manual search in the reference
list’s included articles and pervious relevant reviews to
find other additional articles.

Selection criteria

The following inclusion criteria were used to select the
related articles: RCTs were among humans (with parallel
or cross-over design) with metabolic diseases, adminis-
trated resveratrol supplements in the intervention group
and received placebo in the comparison group, contained
sufficient data on mean changes of lipid profiles (includ-
ing, triglycerides, total-, LDL-, and HDL-cholesterol con-
centrations), and liver enzymes (ALT, AST, and GGT
concentrations), along with standard deviation (SD) or re-
lated 95% confidence intervals (Cls) at the baseline and at
the end of trial for the intervention and placebo groups.
RCTs which were not placebo controlled or other type of
studies including animal, in vitro, case report, and case
series, also abstracts or protocols without full texts, and
studies with dosage of resveratrol lower than 20 mg/day
were excluded.

Data extraction

Two independent investigators (MA and OT) extracted
data using a standard Excel forms according to the
following items: first author’s name, publication year,
country, demographic characteristics of participants,
study methods, sample size (intervention/placebo
groups), dose of treatment, type of intervention, type of
diseases, the mean + (SD) of changes for triglycerides,
total-, LDL-, HDL-cholesterol, ALT, AST, and GGT
concentrations in the intervention and placebo groups at
the baseline and at the end of intervention. If the
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outcomes were reported by different doses, types of sup-
plements, or duration of the intervention, we treated
each situation as a separate study. Disagreements were
resolved by discussion with a third author (ZA).

Quality assessment

The Cochrane Collaboration risk of bias tool was applied
to assess the quality of selected RCTs using the follow-
ing domains: “randomization generation, allocation
concealment, blinding of participants and outcome
assessment, incomplete outcome data and selective out-
come reporting, and the other sources of bias”.

Statistical analysis

All statistical analyses were conducted using STATA
software version 12.0 (Stata Corp., College Station, TX)
and RevMan V.5.3 software (Cochrane Collaboration,
Oxford, UK). Weighted mean differences (WMDs) and
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95% Cls were considered as the overall combined effect
sizes. Heterogeneity across included trials was examined
using the Cochrane’s Q and I” statistics. I* >50% with
P <0.05 indicated that a significant heterogeneity exists,
therefore, the DerSimonian and Laird random effects
model were used to combine effect sizes; otherwise, the
inverse variance fixed-effect model was applied. Sensitiv-
ity analyses were performed to evaluate the impact of
each included clinical trials on the validity of the overall
combined WMDs. Subgroup analyses were conducted to
examine the source of heterogeneity according to the
following possible moderator variables; type of interven-
tions (resveratrol plus other nutrients or drugs vs.
resveratrol alone), dosage of resveratrol (>250 vs. <250
mg/day), duration of intervention (<8 vs. > 8 weeks), and
type of chronic condition (e.g. overweight, or obese, or
other chronic diseases vs. T2DM). The potential
evidence of publication bias was determined using

Articles identified through
electronic database search
(n=2459)

Articles excluded (n=1799) due to duplicate
articles, not randomized controlled trials,
review and not human

Articles screened by title and
abstract (n=660)

v

Excluded non-relevant articles (n=542)

Full text articles assessed for
eligibility (n=118)

Articles excluded (n=87):

1. No use of resveratrol or sufficient dosage
(n =28)

2. Data presentation inappropriate for meta-

analysis and not human (n =59)

Studies included in this study
(n=31)

Fig. 1 Literature search and review flowchart for selection of studies
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Egger’s- and Begg's-test. P-value less than 0.05 were con-
sidered as statistically significant.

Results

In initial online database searches, 2459 reports were
identified. After removing duplicates citations by review-
ing titles and abstracts and excluding the irrelevant cita-
tions, 31 studies (35 effect sizes) were finally included.
Figure 1 shows the stepwise with more details of the
identification and selection of the relevant articles. All
35 included effect sizes were randomized, placebo-
controlled trial. Twenty-nine studies were conducted
using parallel design and six studies had cross-over de-
sign. The total number of the participants among in-
cluded studies was 1722 individuals (890 persons in the
resveratrol group; and 832 in the placebo group). Thirty-
two studies calculated the influences of resveratrol in-
take on triglycerides, twenty-eighth on total cholesterol,
twenty-seven on LDL-cholesterol, twenty-nine on HDL-
cholesterol, thirteen on ALT, ten on AST, and five stud-
ies on GGT concentrations. The duration of resveratrol
supplements ranged from four to 48 weeks and dosage
of the intervention varied from 20 to 3000 mg/day
among included articles. Table 1 illustrates the charac-
teristics of the included articles. The quality assessment
of included articles performed by authors’ judgment ac-
cording to each bias item is presented in Fig. 2.

Main outcomes

Effects of resveratrol supplementation on lipid profiles and

liver enzymes

The impact of resveratrol supplementation on lipid pro-
files and liver enzymes are indicated in Fig. 3. The com-
bined findings, using random-effects model showed that
resveratrol intake significantly decreased total choles-
terol (= -7.65mg/dL; 95% CI, - 12.93, -2.37; P <0.01;
1% 83.4%) and increased GGT concentrations (WMD =
1.76 U/l; 95% CI, 0.58, 2.94; P <0.01; I%: 20.1%). We
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found no significant effect of resveratrol intake on tri-
glycerides (WMD = -5.84 mg/dL; 95% CI, - 12.68, 1.00;
P =0.09; I%: 66.8%), LDL- (WMD = -2.90 mg/dL; 95% CI,
-10.88, 509 P =047; I’ 96.0%), HDL-cholesterol
(WMD = 0.49 mg/dL; 95% CI, - 0.80, 1.78; P =0.45; I*:
74.0%), ALT (WMD =-0.14U/l; 95% CI, -3.69, 3.41;
P =0.93; I*: 79.6%), and AST (WMD = -0.34 U/l; 95% CI,
-2.94, 2.27; P = 0.80; I”: 88.0%) concentrations.

Subgroup analyses

The findings of subgroup analyses indicated that there
were no significant changes between before and after
subgroup analyses combined WMDs for lipid profiles
and liver enzymes. The results of subgroup analyses are
indicated in Table 2.

Sensitivity analyses

Sensitivity analyses showed no significant changes be-
tween the pre- and post-sensitivity combined WMDs for
triglycerides, HDL-cholesterol, ALT, AST, and GGT
concentrations. We found that there were a significant
effect between before and after sensitivity pooled WMD
for total cholesterol after removing Bhatt et al. [20] study
(WMD -5.76; 95% CI, -12.23, 0.70), and for LDL-
cholesterol after removing Faghihzadeh et al. [35] study
(WMD -6.32; 95% CI, — 11.41, — 1.22) (Table 3).

Publication bias and quality assessment

Egger and Begg’s tests indicated no significant effect of
possible publication bias for meta-analyses calculating
the influence of resveratrol intake on triglycerides (P
Begg’s test = 0.74, P Egger’s test = 0.69), LDL-cholesterol
(Pgg=0.07, Pg.=0.53), HDL-cholesterol (Pgg=0.88,
Pge = 0.98), ALT (Pgg = 0.39, Pge = 0.11), AST (Ppg = 0.42,
Pge=0.90), and GGT concentrations (Pgg=0.14, Pg=
0.60). The authors found that there was a significant
effect of the potential of publication bias for total-
cholesterol (Pgg=0.17, Pg.=0.00). We applied non-
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Fig. 3 A-G Meta-analysis standardized mean differences estimates for (a) triglycerides (b) for total-, (c) for LDL-, (d) for HDL-cholesterol, (e) for ALT,
(f) for AST, and (g) for GGT concentrations in the resveratrol and control groups (Cl = 95%)
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Table 2 The association between resveratrol intake on lipid profiles and liver enzymes using subgroup analysis
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Variables Number of Subgroups Pooled WMD 95% Cl 12 (%) Overall I? (%)
WMD included (random effect)
Triglycerides 32 Overall -5.84 —12.68, 1.00 66.8 66.8
Type of intervention 6 Resveratrol plus other —881 -1367,-396 00
nutrients or drugs
26 Resveratrol -5.06 —1441,429 718
Dosage of resveratrol (mg/day) 10 2 500 mg resveratrol 143 —7.84,10.69 0.0
22 < 500 mg resveratrol  —8.07 —16.20, 0.05 741
Duration of study (week) 14 < 12 weeks —4.93 —19.17, 9.31 708
18 2 12 weeks -5.40 -11.53,0.74 40.5
Type of disease 8 Overweight or obese  1.44 —1346, 1634 00
16 Other 541 —15.72,491 74.1
8 T2DM -8.06 -21.30, 517 584
Total cholesterol 28 Overall —7.65 —1293,-237 834 834
Type of intervention 5 Resveratrol plus other —18.10 —27.80,-839 805
nutrients or drugs
23 Resveratrol —402 —10.53, 249 844
Dosage of resveratrol (mg/day) 9 2 500 mg resveratrol ~ —247 —-13.62, 867 64.3
19 < 500 mg resveratrol  —10.07 —15.81,—433 842
Duration of study (week) 15 < 12 weeks —861 -16.64, -0.57 785
13 > 12 weeks -5.29 —-1406,349 876
Type of disease 5 Overweight or obese  1.93 —5.65,9.50 0.0
15 Other -832 -16.28, 036 8338
8 T2DM -9.68 -21.12,176 834
LDL-cholesterol 27 Overall -2.90 -10.88, 5.09 96.0 96.0
Type of intervention 5 Resveratrol plus other —17.61 -29.20, -6.01 922
nutrients or drugs
22 Resveratrol 0.84 -8.72,10.39 96.1
Dosage of resveratrol (mg/day) 10 2 500 mg resveratrol 547 -9.90, 20.84 938
17 < 500 mg resveratrol  —9.89 —1545, —433  86.2
Duration of study (week) 14 < 12 weeks —-7.38 —1547,0.71 859
13 > 12 weeks 059 —1265,1384 976
Type of disease 3 Overweight or obese 347 —6.35, 13.29 0.0
16 Other —2.94 -14.71,882 970
8 T2DM -5.10 -16.01,580  88.1
HDL-cholesterol 29 Overall 0.49 -0.80, 1.78 74.0 74.0
Type of intervention 5 Resveratrol plus other 231 0.63,3.98 444
nutrients or drugs
24 Resveratrol —-0.02 —1.52,149 734
Dosage of resveratrol (mg/day) 10 = 500 mg resveratrol  0.55 -2.21,332 782
19 < 500 mg resveratrol 031 -1.11,1.72 69.1
Duration of study (week) 15 < 12 weeks 0.26 -166,2.18 72.1
14 2 12 weeks 0.79 -092,250 71.1
Type of disease 4 Overweight or obese  —046 —2.51,1.59 0.0
16 Other 0.61 —1.55,2.76 69.3
9 T2DM 063 —-143,270 743
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Table 2 The association between resveratrol intake on lipid profiles and liver enzymes using subgroup analysis (Continued)

Variables Number of Subgroups Pooled WMD 95% Cl 12 (%) Overall I? (%)
WMD included (random effect)
ALT 13 Overall -0.14 —-3.69, 341 79.6 79.6
Type of intervention 2 Resveratrol plus other  2.00 —1.56, 5.56 252
nutrients or drugs
11 Resveratrol -0.74 —4.88, 341 789
Dosage of resveratrol (mg/day) 9 2 500 mg resveratrol ~ —1.77 —6.37, 2.84 80.8
4 < 500 mg resveratrol  2.19 —0.51, 4.89 0.0
Duration of study (week) 7 < 12 weeks 152 -0.39, 343 0.0
1 2 12 weeks -2.01 -8.09, 408 78.2
Type of disease 2 Overweight or obese  1.34 —5.36, 804 0.0
7 Other -1.76 —7.00, 348 838
4 T2DM 1.75 —1.43, 492 27.3
AST 10 Overall -0.34 —2.94,227 88.0 88.0
Type of intervention 2 Resveratrol plus other —2.22 —11.24,6.79 93.7
nutrients or drugs
8 Resveratrol 0.18 —2.70, 3.05 875
Dosage of resveratrol (mg/day) 6 2 500 mg resveratrol  0.28 —3.78,4.35 84.1
4 < 500 mg resveratrol  —0.83 —442,276 875
Duration of study (week) 7 < 12 weeks 0.96 -1.92,3.84 79.1
3 > 12 weeks -3.16 —643,0.12 76.1
Type of disease 1 Overweight or obese  —0.12 —3.54,3.30 -
5 Other —-261 —6.29, 1.06 83.6
4 T2DM 123 030, 2.17 0.0
GGT 5 Overall 1.76 0.58, 2.94 20.1 20.1
Type of intervention - Resveratrol plus other - - -
nutrients or drugs
5 Resveratrol 1.76 0.58, 2.94 20.1
Dosage of resveratrol (mg/day) 3 2 500 mg resveratrol  1.05 —1.31,340 559
2 < 500 mg resveratrol  2.00 0.63, 3.36 0.0
Duration of study (week) 2 < 12 weeks 201 071,332 0.0
3 > 12 weeks 0.60 -2.17,337 522
Type of disease 1 Overweight or obese  1.74 —8.78,12.26 -
2 Other 052 -2.35,339 758
2 T2DM 2.00 071,332 0.0

ALT Alanine aminotransferase, AST Aspartate aminotransferase, GGT Gamma-glutamyl transferase

parametric method (Duval and Tweedie) to calculate the
findings of censored articles for total-cholesterol; how-
ever, pooled WMDs findings did not statistically signifi-
cant change after using Duval and Tweedie test.

Discussion

The findings of current systematic review and meta-
analysis showed that resveratrol supplementation among
patients with MetS and related disorders significantly
reduced total cholesterol and increased GGT concentra-
tions, but did not affect triglycerides, LDL-, HDL-
cholesterol, ALT, and AST concentrations.

MetS and related disorders are characterized by
changes in fatty acid metabolism, which finally results in
decreased HDL-cholesterol, and increased LDL-cholesterol
as well as, triglycerides concentrations. As dyslipidemia is a
well-established risk factor for MetS, diabetes, and CVDs,
circulating lipid profiles are routinely addressed by pharma-
cotherapy. We found that resveratrol supplementation
among patients with MetS and related disorders signifi-
cantly reduced total cholesterol, but did not affect triglycer-
ides, LDL-, HDL-cholesterol concentrations. Previously, the
effects of resveratrol on weight loss [49] and biomarkers of
inflammation and oxidative stress among patients with
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Table 3 The association between resveratrol intake and lipid profiles and liver enzymes using sensitivity analyses

Variables Pre-sensitivity analysis Upper & lower  Post-sensitivity analysis
No. of studies included Pooled WMD 95% Cl of effect size Pooled WMD 95% Cl Excluded studies
(random effect) (random effect)

Triglycerides 32 —5.84 —1268,1.00  Upper —4.24 —8.78,0.29 Simental-Mendia [46]

Lower -6.86 —13.88,0.15 Faghihzadeh [35]
Total cholesterol 28 —7.65 —1293, =237 Upper -5.76 —12.23,0.70  Bhatt [20]

Lower —9.00 —14.11, -3.89  Faghihzadeh [35]
LDL-cholesterol 27 —290 —10.88,509  Upper -149 —9.36, 6.37 Cicero [41]

Lower -6.32 —1141,-1.22 Faghihzadeh [35]
HDL-cholesterol 29 0.49 -0.80, 1.78 Upper 0.69 —0.59, 1.99 Kumar [25]

Lower 0.17 —1.04, 140 Movahed [28]
ALT 13 -0.14 —3.69, 341 Upper -033 —4.10,342 Kantartzis [36]

Lower - 069 —4.35, 2.96 Khodabandehloo [38]
AST 10 -034 —294,227 Upper 042 —2.19,3.03 Mazza [48]

Lower -0.77 —3.51,1.96 Seyyedebrahimi [30]
GGT 5 1.76 0.58, 2.94 Upper 2.11 0.89, 3.34 Chen [34]

Lower 1.07 —1.22,337 de Light M [45]

ALT Alanine aminotransferase, AST Aspartate aminotransferase, GGT Gamma-glutamyl transferase

MetS [50], and coenzyme Q10 on lipid profiles among pa-
tients diagnosed with coronary artery disease [51] were
assessed. In a study conducted by Simental-Mendia et al.
[46], resveratrol supplementation at a dosage of 100 mg/day
for 8 weeks to individuals with dyslipidemia significantly de-
creased total cholesterol and triglycerides concentrations.
In addition, taking resveratrol supplements at a dosage of
300 mg/day for 3 months by patients with non-alcoholic
fatty liver disease significantly decreased total- and LDL-
cholesterol concentrations [34]. The supplementation of
resveratrol plus D-chiro-inositol for 60 days among over-
weight pregnant woman with an increased fasting glucose
significantly reduced total-, LDL-cholesterol, and triglycer-
ides concentrations [52]. However, in a meta-analysis con-
ducted by Zhang et al. [53], resveratrol supplementation
significantly increased total- and LDL-cholesterol concen-
trations. In addition, another meta-analysis found no
significant effects on lipid variables following the supple-
mentation of resveratrol in patients with T2DM [16]. The
hypocholesterolemic effect of resveratrol may be mediated
by its phenolic hydroxyls contain that lead to oxidation of
the unsaturated fatty acids and decreasing circulating
cholesterol [54]. In addition to the beneficial effects of
resveratrol on lipid metabolism, the anti-atherosclerotic
activity of resveratrol involves enhanced activity of peroxi-
some proliferator-activated receptor a [55], suppressing
platelet aggregation [56], reduced blood pressure [43], and
improvement of the endothelial activity [57]. Therefore, it
is expected that resveratrol administration among patients
with MetS and related disorders exerts a potential cardio-
protective impact.

The current meta-analysis demonstrated that taking
resveratrol supplements by patients with MetS and
related disorders was associated with a significant reduc-
tion in GGT, but did not affect ALT and AST concen-
trations. In a study by Asghari et al. [58], resveratrol
supplementation at a dosage of 600 mg/day for 12 weeks
to patients with NAFLD did not modify liver enzymes
and oxidative/anti-oxidative status. In addition, previous
animal studies have claimed that resveratrol protects the
liver against steatosis [59] and decreases intracellular
lipids in the liver [60]. In another study, Heebgll et al.
[61] demonstrated no significant improvement in the
intrahepatic lipid content and the circulating concentra-
tions of liver enzymes following resveratrol supplemen-
tation at a dosage of 1500 mg/day for 6 months among
patients with NAFLD. An 8-week resveratrol supple-
mentation at a dosage of 3000 mg/day, not only failed to
show any significant improvements in NAFLD features,
but also significantly increased liver enzymes concen-
trations [33]. Also, Faghihzadeh et al. [62] demon-
strated that 500 mg/day resveratrol supplementation
for 3 months among people with NAFLD significantly
improved liver steatosis and ALT concentrations. A
similar study with 600 mg/day resveratrol also docu-
mented a significant improvement in liver enzymes
concentrations without any changes in liver steatosis
degree [34]. These inconsistent findings could be
related to the stage of disease, type of diseases, the
method of measuring liver fat content, different dos-
age of resveratrol used, or baseline metabolic charac-
teristics of the participants.
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Conclusions

This meta-analysis demonstrated that resveratrol supple-
mentation to the patients with MetS and related disor-
ders significantly reduced total cholesterol and increased
GGT concentrations, but did not affect triglycerides,
LDL-, HDL-cholesterol, ALT, and AST concentrations.
Therefore, resveratrol supplementation to patients with
MetS and related disorders may have a potential cardio-
protective effect through the reduction of total choles-
terol and GGT concentrations.
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