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Abstract

Resveratrol, a bioactive stilbene polyphenol predominantly found in grapes and berries, has demonstrated potential
anti-inflammatory activity through SIRT1 activation and suppression of NF-kB-mediated transcription. This systematic
review and meta-analysis are targeted to evaluate the impact of resveratrol supplementation on inflammatory
biomarkers in human subjects. Nine randomized controlled trials (RCTs) were identified, examining changes in high-
sensitivity C-reactive protein (hs-CRP), conventional C-reactive protein (CRP), and interleukin-6 (IL-6). Quantitative
synthesis included data from seven studies for hs-CRP (n = 338), four studies for CRP (n = 176), and eight studies for
IL-6 (n = 370). Pooled effect sizes indicated no statistically significant modulation of inflammatory markers following
resveratrol intervention: hs-CRP (Cohen’s d = -0.15; 95% Cl: -0.56 to 0.25; p = 0.46), CRP (Cohen’s d = -0.28; 95%
Cl:-0.74 10 0.18; p=0.23), and IL-6 (Cohen’s d = 0.22; 95% Cl: -0.58 to 1.02; p = 0.60). Select trials reported favorable
outcomes at higher dosages or the presence of comorbid conditions. The aggregated findings do not support a
consistent anti-inflammatory effect of resveratrol across heterogeneous populations. These results highlight the
necessity for future trials with robust methodological designs.
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Introduction

“Inflammaging” is referred to as the phenomenon of chronic, low-grade systemic inflammation that progresses with
age [1]. Resveratrol exerts its metabolic and anti-inflammatory effects, in part, by activating the NAD*-dependent
deacetylase SIRT1, thereby enhancing mitochondrial function and cellular stress resistance [2]. Sirtuin 1 (SIRT1) is an
enzyme dependent on oxidized Nicotinamide Adenine Dinucleotide (NAD+), that plays an important role in preserving
cellular homeostasis by regulating pathways involved in inflammation, stress resistance, metabolism, and longevity[3].
SIRT 1 operates its regulatory functions by removing acetyl groups from transcription factors like p53, FOXO, and the
p65 subunit of NF-kB. This alters their activity under conditions of metabolic and/or oxidative stress [4]. SIRT1
physically interacts with the RelA/p65 subunit of NF-kB and inhibits its transcriptional activity by deacetylating Lys310,
which results in reduced expression of target genes such as TNF-a and IL-6 [5]. This mechanism highlights SIRT1’s
protective role in reducing chronic inflammation, a key feature associated with aging and various metabolic or
cardiovascular disorders [6].

Resveratrol is known for its antioxidant, anti-inflammatory, and anti-aging properties [7]. One of the most well-
characterized molecules it targets is SIRT1. Resveratrol allosterically activates SIRT1, enhancing its deacetylase
activity [2]. Resveratrol mimics caloric restriction, a known stimulator of SIRT1, and provides protective effects against
metabolic and age-related diseases [8]. Activation of SIRT1 by resveratrol results in suppressed NF-kB signaling,
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reduced expression of inflammatory mediators (e.g., TNF-q, IL-6), and decreased production of C-reactive protein
(CRP) [9]. C-reactive protein (CRP) is an acute-phase protein synthesized by hepatocytes in response to pro-
inflammatory cytokines, particularly interleukin-6 (IL-6) [10]. Elevated circulating CRP concentration serves as a
sensitive and nonspecific biomarker of chronic low-grade systemic inflammation. This is a characteristic feature of
inflammaging- the persistent inflammation associated with aging. This low-grade inflammation is implicated in the
pathogenesis of numerous age-related disorders, including atherosclerosis, type |l diabetes mellitus,
neurodegenerative diseases, and frailty syndrome [11]. Pharmacological modulation of inflammatory signaling,
particularly via SIRT1 activation, represents a promising strategy for attenuating CRP levels [9].

Resveratrol is a natural polyphenol with a wide range of beneficial effects, exerting its influence through several
biological pathways, including the anti-inflammatory, antioxidant, and anti-aging mechanisms, among which the NF-kB
signalling pathway plays a crucial role [12]. Sirtuin 1 (SIRT1) is a NADH-dependent deacetylase that is responsible for
regulating cellular stress response, inflammation, and longevity [13]. Resveratrol activates SIRT1, leading to
deacetylation of p65, a subunit of the NF-kB complex. This further inhibits NF-kB transcriptional activity [14]. This
cascade leads to the reduction of expression of pro-inflammatory cytokines such as TNF-q, IL-6, and acute-phase
proteins like CRP [15]. Tumor Necrosis Factor-alpha (TNF-a) and Interleukin-6 (IL-6) are potent proinflammatory
mediators which is regulated by NF-kB, whereas C-reactive protein (CRP) is a liver-derived acute phase protein
induced by IL-6 [16] [17] [9].
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Figure 1: Proposed Mechanism of Resveratrol in Reducing Inflammatory Biomarkers via SIRT1 Activation and NF-kB
Inhibition

While pre-clinical studies have demonstrated lifespan extension in model organisms (e.g., yeast, nematodes, mice),
clinical data in humans remain less conclusive. This review was directed to systematically evaluate the evidence for
resveratrol’s effects on biomarkers of inflammation and related health outcomes, focusing on clinical trials and key
preclinical findings relevant to its anti-inflammatory potential.

Methods

This systematic review was performed to evaluate the effectiveness of resveratrol supplementation on 3 key
inflammatory biomarkers: high-sensitive C-reactive protein (hs-CRP), C-reactive protein (CRP) and interleukin-6 (IL-
6). We have used search engines like PubMed and Google Scholar as a resource between January 2000 and May
2025 using a combination of keywords- “resveratrol, inflammation, longevity, antioxidant, SIRT1”. We focused on
randomized controlled clinical trials and meta-analysis. Initially, 162 results were narrowed down to match the broad
scope of the search, and 37 were identified for full-text eligibility assessment. From these, 13 studies were included
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for meta-analysis based on inclusion criteria- randomized controlled design, clear reporting of treatment and control
groups. After a detailed review, we ran the meta-analysis in 3 parts for each biomarker of inflammation.

e Part 1: hs-CRP (mg/L)- Data were pooled from 7 studies, comprising a total of 338 participants (treatment 169;
control 169).

e Part 2: CRP (mg/dL)- Data from 4 studies were included, with a total of 202 participants (treatment 96; control
106).

e Part 3: IL-6 (pg/mL)- Analysis included 8 studies, totaling 326 participants (treatment=195; control=131).

Where available, both the mean change from baseline and standard deviations were extracted. Data were analyzed
using a random-effect model to account for heterogeneity among populations and disease states. Effect sizes were
reported as standardized mean differences (SMD) with 95% confidence intervals. All statistical analyses were
performed using SPSS (V.29) software.
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Figure 2: Flow Chart and Study Selection showing the number of articles identified and included in this study.
Results and Discussion

This meta-analysis synthesized data from thirteen randomized controlled trials (RCTs) investigating the effects of
resveratrol supplementation on three key inflammatory biomarkers: high-sensitivity C-reactive protein (hs-CRP), C-
reactive protein (CRP), and interleukin-6 (IL-6). The pooled analyses encompassed 338 participants for hs-CRP, 202
for CRP, and 326 for IL-6. Seven RCTs were included in the hs-CRP subgroup analysis. The aggregated effect size
demonstrated a non-significant reduction in hs-CRP levels with resveratrol intervention (Cohen’s d = -0.15; 95% CI: -
0.56 to 0.25; p = 0.46). Certain studies- such as those conducted by Kjaer et al. (2017) [18], Faghihzadeh et al.
(2014) [19], and Brasnyo et al. (2011) [20] - reported a downward trend in hs-CRP concentrations, particularly with
higher doses (2500 mg/day). Other investigations (e.g., Mahjabeen et al., 2022 [21]; Poulsen et al., 2013 [22]) noted
either no change or paradoxical increases. These discrepancies may reflect heterogeneity in participant inflammatory
baselines, duration of therapy, pharmacokinetics of resveratrol, or variations in bioavailability.

The CRP analysis included four RCTs. The pooled effect estimate indicated a small, yet statistically non-significant
reduction in CRP levels following supplementation (Cohen’s d = —0.28; 95% CI: -0.74 to 0.18; p = 0.23). In particular,
Garcia-Martinez et al. (2023) [23] demonstrated CRP-lowering effects concomitant with enhanced total antioxidant
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capacity in both 500 mg and 1000 mg dosing arms. In contrast, Yoshino et al. (2012) [24] reported an elevation in CRP
concentrations. The variability in outcomes may be attributable to divergent metabolic phenotypes among participants
or dose-response interactions, potentially reflective of hormetic mechanisms.

Eight RCTs were incorporated into the IL-6 analysis. The meta-analysis revealed no statistically significant alteration
in IL-6 levels associated with resveratrol administration (Cohen’s d = 0.22; 95% CI: —0.58 to 1.02; p = 0.60). Trials by
Khodabandehloo et al. (2018) [25] and Faghihzadeh et al. (2014) [19] observed appreciable decreases in IL-6. Other
studies, such as those by Mahjabeen et al. (2022) [21] and Yoshino et al. (2012) [24], reported increased cytokine
levels post-intervention. Notably, Kjaer et al. (2017) [18] identified a dose-responsive trend- wherein a lower dose (500
mg/day) led to an elevation in IL-6, while a higher dose (1000 mg/day) was associated with a reduction. This suggests
the possibility of a non-linear, threshold-mediated cytokine regulatory effect by resveratrol.

Study Total Dose & Duration Population Design And Masking Main Findings
Randomized (N)

Mahjabeen et al., 2022 110 (55/55) 200 mg/day, 24 weeks Adults with type 2 Randomized, double-blind, placebo- Increased levels of hs CRP
diabetes mellitus controlled, parallel-group trial

Khodabandehloo etal., 2018 45 800 mg/day, 8 weeks Adults with type 2 Randomized, double-blind, placebo- Reduced hs-CRP and IL-6

= ) diabetes mellitus controlled, parallel-group trial

Kjaer etal., 2017 18 45 500 mg/day Adults with metabolic Randomized, double-blind, placebo- Reduced hs-CRP
syndrome controlled, parallel-group trial

Kjaer etal., 2017 & 45 1000mg/day Adults with metabolic ~ Randomized, double-blind, placebo- Significantly reduced hs-

_ syndrome controlled, parallel-group trial CRP

Poulsen M etal., 2013 & 37 150 mg/day, 4 weeks Obese men with Randomized, double-blind, placebo- Increased hs-CRP levels
metabolic abnormalities controlled, parallel-group trial

Faghihzadeh et al., 20142 50 1000 mg/day, 12 weeks  Adults with non- Randomized, double-blind, placebo- Decreasedhs-CRP
alcoholic fatty liver controlled, parallel-group ftrial

. disease (NAFLD)

Brasnyo et al, 2011~ 20 10 mg/day, 4 weeks Adults with type 2 Randomized, double-blind, placebo- Significant hs-CRP reduction

diabetes mellitus controlled, parallel-group trial

Table 1: Study Designs and Outcomes of the Systematic Review Trials for hs-CRP [21] [25][18] [22][19] [20]

Study Total Randomized Dose & Duration Population Design And Masking Main Findings
(N)
Garcia-Martinez etal, 2023~ 97 1000 mg/day, 6 Older adults (60-75yrs)  Randomized, double-blind, placebo- Increased total antioxidant
months with type 2 diabetes controlled, parallel-group trial capacity and |CRP
mellitus
Garcia-Martinez etal,, 2023~ 97 500 mg/day, 6 Older adults (60-75yrs)  Randomized, double-blind, placebo-  Increased total antioxidant
months with type 2 diabetes controlled, parallel-group trial capacity and |CRP
mellitus
Timmers et al., 2011% " 150 mg/day, 30 Obese adults (BMI =2 30) in Randomized, double-blind, placebo- |CRP and improved
days crossover tria controlled, crossovertrial metabolic profile
Yoshino etal, 2012% 29 75 mg/day, 12 Non-obese, healthy Randomized, double-blind, placebo- Increased CRP levels
weeks women with normal controlled, parallel-group trial

glucose tolerance

Table 2: Study Designs and Outcomes of the Systematic Review Trials for CRP [23][9][24]
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Study Total Randomized  Dose & Duration population Design And Masking Main Findings
N)
Mahjabeen etal., 2022 110 200 mg/day, 24 weeks Adults with type 2 diabetes  Randomized, double-blind, placebo- 1IL-6 and hs-CRP
mellitus controlled, parallel-group trial
Khodabandehloo et al., 2018 45 800 mg/day, 8 weeks Adults with type 2 diabetes  Randomized, double-blind, placebo- Significant reduction in IL-6 and hs-
. mellitus controlled, parallel-group trial CRP
Kjaer et al., 2017 = 45 500 mg/day Adults with metabolic Randomized, double-blind, placebo- Increase in IL-6 levels
syndrome controlled, parallel-group trial
Kjaer et al., 2017° 45 1000mg/day Adults with metabolic Randomized, double-blind, placebo- Decrease in IL-6 levels
syndrome controlled, parallel-group trial
Poulsen M et al., 2013 “ 7 150 mg/day, 4 weeks Obese men with metabolic ~ Randomized, double-blind, placebo- 1IL-6 levels
abnormalities controlled, parallel-group trial
Yoshino et al., 2012 29 75 mg/day, 12 weeks Non-obese, healthy women Randomized, double-blind, placebo- 1IL-6 and inflammatory markers
o with normal glucose controlled, parallel-group trial
a tolerance
Faghihzadeh et al., 2014 50 500 mg/day, 12 weeks Adults with non-alcoholic Randomized, double-blind, placebo- Marked IL-6 reduction significantly
i fatty liver disease (NAFLD) controlled, parallel-group trial
Timmers et al., 2011 g 1 150 mg/day, 30 days Obese adults (BMI=30) in  Randomized, double-blind, placebo- |IL-6 and better metabolic profile

crossover trial

controlled, crossover trial

Table 3: Study Designs and Outcomes of the Systematic Review Trials for IL-6 [21] [25][18][18][22][24][19][9]

Forest Plot
B Effect size of sach study | Confidence interval of effect size
@ Estimated overall effect size = Overall effact size value
No-sffect valus T Estimated overall confidence interval
0153262
1 Cohen's d Sed. Error Lower Upper p-value Weighe Weight (V)
Fhodabandehloch et al... -0.20 0.30 -0.79 0.35 0.50 3.48 14.94 B R ——
Kjaer et al. Z0lE -0.03 0.30 -0.62 0.55 0.91 3.50 15.00 =
Fjaer et al. Z0lE -1.74 0.33 -1.88 -0.60 0.00 3.30 14.15 —
Faghihzadeh st al. 2014 0.1 0.26 -0.66 0.45  0.70 3.6L 15.49 e
Poulsen ¥ et al. 2013 0.56 0.42 -0.25 1.38  0.18 2.70 11.60
Brasnyo et al. 2011 -0.34 0.46 -1.24 0.57 0.47 z.43 10.44 -
Overall =0.1% 0.21 -0.56 0.25 0.48 .
£ 1 [} 1 2
Modal Random-affects model
Tau-sq 0.20, H-sq =317 068
Homaogeneity. Q = 18.36, df= 6, p-valug = 0.01
Test of overall effect size: z=-0.74, p-value= 0.46
Figure 3: Forest Plot (Resveratrol vs. Control): MA on hs-CRP level (Random-Effects Model).
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Figure 4: Forest Plot (Resveratrol vs. Control): MA on CRP level (Random-Effects Model).
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Figure 5: Forest Plot (Resveratrol vs. Control): MA on IL-6 level (Random-Effects Model).
Limitations

This meta-analysis has several limitations. First, there was significant heterogeneity across studies in terms of
resveratrol dosage, treatment duration, and participant health status, which may have influenced biomarker outcomes.
Second, the sample sizes in several trials were small, reducing statistical power and generalizability. Third, variations
in assay methods and biomarker reporting limited uniform data extraction. Finally, the short duration of most studies
may not capture the long-term inflammatory effects of resveratrol supplementation.

Conclusion

This meta-analysis evaluating the anti-inflammatory effects of resveratrol supplementation yielded statistically non-
significant outcomes across all three biomarkers: hs-CRP (Cohen’s d =-0.15, p = 0.46), CRP (Cohen’s d =-0.28, p =
0.23), and IL-6 (Cohen’s d = 0.22, p = 0.60). However, heterogeneity in study outcomes was observed, with some trials
reporting favorable effects at higher dosages or in specific subpopulations. These findings suggest that resveratrol may
exert context-dependent or dose-dependent effects on systemic inflammation. Overall, larger, rigorously designed
RCTs with standardized dosing protocols, sufficient treatment duration, and stratified participant profiles are necessary
to elucidate the therapeutic potential of resveratrol. Future research should prioritize trials with clearly defined
inflammatory endpoints and controlled baseline characteristics to better clarify its role in inflammation-mediated aging
and chronic disease management.
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