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Abstract
Delayed onset muscle soreness (DOMS) and impaired muscle recovery significantly affect 

athletes and recreational exercisers, influencing their performance and training consistency. 
Resveratrol, a natural polyphenol known for its anti-inflammatory and antioxidant properties, is 
thought to mitigate these effects, yet its effectiveness remains to be fully verified. This systematic 
review evaluates the impact of RES supplementation on muscle recovery in adults by examining 
its influence on DOMS, oxidative stress, and inflammation, along with its interactions with other 
supplements. Three electronic databases and one registry were searched in October 2023. A 
total of 10 studies met the inclusion criteria, encompassing a combined participant count of 238 
(N=238). The review encompassed diverse participant populations, exercise types, and resveratrol 
dosages. The findings indicated that resveratrol potentially reduces markers of muscle damage, 
such as creatine kinase and lactate dehydrogenase, and alleviates DOMS symptoms to varying 
degrees. However, results varied based on exercise intensity, participant demographics, timing 
of supplementations and dosages. Synergistic interaction studies suggested that resveratrol, 
in combination with other compounds, could be more effective in exerting its effects. Despite 
promising findings, the research was limited by diverse study designs and the absence of long-term 
impact assessments. Further studies should standardise methods and explore resveratrol’s long-
term safety and effectiveness. Nevertheless, these results underscore resveratrol’s potential as a 
beneficial supplement in exercise and sports medicine, meriting additional detailed exploration to 
refine its use.
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in physical activity, especially when the 
activity is more strenuous or unaccustomed 
(1). DOMS occurs after unaccustomed exercise 
due to several factors which include structural 
damage, disruption of calcium homeostasis, and 

Introduction

Delayed onset muscle soreness (DOMS) is 
a common physiological response experienced 
not just by athletes, but by anyone who engages 
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macrophage activity in the muscle (1). Recent 
studies suggest that the exact mechanisms 
behind DOMS and other symptoms of muscle 
damage are more closely associated with damage 
to connective tissues, such as fascia, rather than 
to the muscle fibres themselves, and result from 
a combination of inflammatory responses and 
oxidative stress within the affected muscles 
(2). DOMS typically appears within 24–72 
hours post-exercise and often accompany with 
increased muscle stiffness (3). Other symptoms 
include a prolonged decrease in muscle function, 
evidenced by reduced maximum voluntary 
contraction; noticeable swelling; and a rise in 
specific blood markers such as creatine kinase 
(CK) and myoglobin indicating tissue damage 
(2). While many view DOMS as a temporary 
inconvenience, its effects can hinder individuals 
from maintaining regular exercise routines, 
potentially impacting their health goals and 
overall well-being.

In recent years, there has been a growing 
focus on plant-derived molecules (4, 5). This is 
because they often come with fewer side effects 
and have multifaceted benefits, making them an 
area of keen interest for researchers. One such 
compound that has been in the limelight for its 
potential health benefits is resveratrol (RES) 
(4). RES is a naturally occurring polyphenolic 
compound found in various plants, including 
grapes, berries, and peanuts. It has gained 
considerable attention in recent years for 
its potential health benefits (4, 6). RES has 
been reported to possess anti-inflammatory, 
antioxidant, and analgesic effects, which may 
potentially help alleviate DOMS (6, 7). Some 
studies suggest that RES may even enhance 
muscle recovery and adaptation to exercise, 
further contributing to its potential benefits for 
exercise-induced muscle damage (6–12). Its 
potential anti-inflammatory (13) and antioxidant 
(14) properties make it a promising candidate in 
the context of challenges faced after engaging in 
physical activity.

Despite the increasing interest in RES 
as a potential aid for exercise-induced muscle 
damage, the current evidence is still in its 
nascent stages and presents varied findings 
(7, 15–24). While individual studies provide 
valuable insights, a systematic review can offer 
a more comprehensive perspective, identifying 
consistent findings, highlighting variations, 
and suggesting areas for future research. This 
systematic review, therefore, seeks to investigate 
the overall impact of RES supplementation on 

exercise-induced DOMS and muscle recovery in 
adults, exploring how the dosage and timing of 
supplementation (pre-exercise, post-exercise, 
or both) affect outcomes. It also examines 
variations in the effectiveness of RES based on 
exercise characteristics (type, intensity, duration) 
and individual differences (age, sex, fitness 
level), as well as the underlying mechanisms and 
potential adverse effects associated with its use 
for mitigating exercise-induced DOMS.

Methods

Following the guidelines of the Preferred 
Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) 2020 (25), 
a comprehensive and systematic literature 
search was conducted in Web of Science (WoS), 
PubMed (Medline), Scopus, and the Cochrane 
Library (Cochrane Database of Systematic 
Reviews, Cochrane Central Register of Controlled 
Trials (CENTRAL)) on 16 October 2023. 
Methods for conducting this review were pre-
specified in a registered protocol on PROSPERO 
(CRD42023456914) published on 8 September 
2023. The search strategy was designed to 
identify all relevant original articles that 
investigate the effects of RES on muscle recovery 
and DOMS indicators post-physical activity 
or exercise in adults. Appendix 1 details the 
search strategies performed in the databases. All 
related articles published from inception up to 
16 October 2023 were considered for inclusion. 
Searches were re-run prior to the final analysis. 
Unpublished studies were not sought.

Two investigators (NZA and OCH) 
individually screened the titles and abstracts 
retrieved from the databases for eligibility. 
The screening process was performed using 
Mendeley (version 1.19.4, Mendeley, London, 
United Kingdom). The number of searches in 
each database and the number of duplicates 
were recorded. Duplicates were removed using 
the built-in function of “check for duplicates” in 
the Mendeley software. Abstracts that fulfilled 
the inclusion criteria were retrieved for further 
screening before obtaining the full-text articles. 
Thereafter, full articles were reviewed based on 
inclusion and exclusion criteria. Finally, the two 
investigators (NZA and OCH) carried out quality 
assessment and data extraction. In instances 
where discrepancies arose between the two 
primary investigators during the review process, 
resolution was achieved through the intervention 
of a third investigator (VR). Upon confirming 
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the included studies, their references were also 
searched manually. The article selection process 
is presented in Figure 1.

Inclusion and Exclusion Criteria
Population, Intervention, Control/

comparator, and Outcome (PICO) was used 
to define the inclusion and exclusion criteria 
(Table 1). Experimental human trials recruiting 
adult participants of any gender or ethnicity 
were eligible for inclusion if they use RES as 
a dietary or pharmacologic intervention for 
exercise-induced DOMS. Studies also need to 
include at least one muscle recovery or muscle 
damage outcome, range of motion, or muscle 
performance. Only articles published in full-text 
English were included. Letters, opinion articles, 
editorials, reviews, and conference abstracts/
proceedings were excluded. Animal, in vitro, in 
vivo, and modelling studies were also excluded.

Assessment of The Characteristics of The 
Studies

Data extraction
Data extraction was performed 

independently by two authors (NZA and 
OCH) using a standardised data extraction 
form. The extracted data include study 
characteristics (authors, year of publication, 
country), participant characteristics (age, 
sex, number of participants, fitness level), 
intervention details (timing of supplementation, 
type of RES consumption, dosage, duration, 
frequency, intensity of exercise), pre- and 
post-measurements, key findings and quality 
assessments. These data were extracted and 
synthesised in Tables 2a and 2b.

Figure 1. PRISMA flow diagram of search results
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Table 1. Eligibility criteria for identified studies according to PICO

Properties Eligibility criteria

Type of articles Original research articles
Language English
Population Adults (18 years and above) who engage in exercise or physical activity that can induce 

DOMS
Intervention Consumption of RES
Control/comparator No RES consumption or placebo
Outcomes Primary Outcomes:

• DOMS severity:
Changes in DOMS severity will be the primary outcome. This can be evaluated using 
standardised scales such as the Visual Analogue Scale (VAS) or the Likert Pain Scale.
Secondary Outcomes:
• Recovery markers:
Changes in recovery markers such as creatine kinase (CK) and lactate dehydrogenase 
(LDH) levels.
• Inflammatory markers:
Changes in inflammatory markers such as C-reactive protein (CRP), interleukin-6 (IL-6), 
and tumour necrosis factor-alpha (TNF-alpha).
• Oxidative stress markers:
Changes in oxidative stress markers such as malondialdehyde (MDA), superoxide 
dismutase (SOD), and glutathione peroxidase (GPx).

Quality assessment
The methodological quality of the included 

studies was evaluated using the Cochrane Risk 
of Bias Tool 2.0 (RoB 2) (26). Two independent 
reviewers (OCH and NZA) assessed the risk of 
bias for each included study using the tool. The 
RoB 2 is a comprehensive tool for assessing 
the risk of bias in randomised trials, which 
evaluates five domains: bias arising from the 
randomisation process; bias due to deviations 
from intended interventions; bias due to 
missing outcome data; bias in the measurement 
of the outcome; and bias in the selection of 
the reported result (26). For each domain, the 
RoB 2 guidelines were followed to answer the 
signalling questions and make judgements of 
“low risk”, “some concerns”, or “high risk”. Each 
question was answered with “yes”, “probably 
yes”, “probably no”, “no”, or “no information”. 
The bias risk of each domain was rated as 
“low”, “some concerns”, or “high.” Similar to 
the individual domains, overall RoB 2 was also 
summarised as “low”, “some concerns”, or “high” 
risk of bias (26). We resolved any disagreements 
through discussion or by involving a third 
reviewer (VR). We, then, determined an overall 
risk of bias for each outcome in each study, 
following the RoB 2 guidelines (Table 3).

Participants
The demographic details of participants, 

including the total number of individuals in 
each study, their age range, and sex distribution, 
were documented. Participants were adults 
who engaged in various exercise regimens, 
experiencing DOMS.

Intervention
The intervention of interest was RES 

supplementation, which could vary in form (e.g., 
oral capsules, liquid), dosage, and timing relative 
to exercise (pre-exercise, post-exercise, or both). 
Studies were included regardless of the exercise 
regimen followed by participants, provided the 
RES supplementation was the primary variable 
being investigated and any co-interventions were 
uniformly applied across study groups.

Outcome Measures
Primary outcome measures focused on 

indicators of muscle recovery and the alleviation 
of DOMS symptoms. This included standardised 
scales such as the Visual Analogue Scale (VAS) 
or the Likert Pain Scale and objective measures 
of muscle function and recovery. Secondary 
outcomes considered were recovery markers 
such as creatine kinase (CK) and lactate 
dehydrogenase (LDH), oxidative stress markers 
such as malondialdehyde (MDA), superoxide 
dismutase (SOD), and glutathione peroxidase 
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broad context for understanding the effects of 
RES supplementation across different physical 
activities.

Similarly, the outcome measurements 
are varied across studies. The primary 
outcomes in the included reviews encompassed 
measurements of DOMS severity, recovery 
markers, and inflammatory markers, which 
include a visual analogue scale (VAS) (17), blood 
muscle damage biomarkers such as CK and 
LDH activities (7), and assessments of plasma 
metabolic response (19) and oxidative stress 
indicators (20), providing a comprehensive 
understanding of the physiological impacts of 
RES supplementation in the context of exercise-
induced muscle damage.

Effects of the Intervention on Study 
Outcomes

Table 2b highlights the varied effects of RES 
supplementation on exercise-induced DOMS 
and related outcomes. The studies reviewed 
demonstrate a range of responses, from no 
significant effects (17, 18, 21) to increased muscle 
strength and resting oxygen consumption (22), 
decreased subjective fatigue and oxidative 
damage (22), significant reduction in pain and 
tenderness and greater energy expenditure (23), 
reduced pain perception (24), improvements 
in muscle soreness and exercise performance  
(7, 20), reduced inflammation (16, 19) and 
reduced muscle damage indicators (7).

These studies collectively provide insights 
into the varied effects of RES supplementation 
on exercise-induced DOMS and related 
physiological responses. While most studies 
observed beneficial effects in terms of reduced 
muscle soreness and inflammation, a limited few 
found no significant impact, underscoring the 
complexity of RES’s role in exercise recovery and 
the need for further research.

Quality Assessment and Potential Risk of 
Bias

Table 3 presents a detailed assessment of 
the risk of bias in the included studies using the 
RoB 2.0 framework. The analysis reveals that 
most studies adhered to protocols with minimal 
deviations, ensuring reliable efficacy assessment. 
Some studies, however, fail to detail protocol 
adherence and missing data handling, raising 
performance and attrition bias concerns. Despite 
widespread assessor blinding and standardised 
methods, a few lack measurement transparency, 
suggesting a need for uniform reporting to 
accurately gauge RES’s effects and reduce bias.

(GPx), and inflammatory markers such as 
C-reactive protein (CRP), interleukin-6 (IL-6), 
and tumour necrosis factor-alpha (TNF-alpha).

Results

Search Results
The database search yielded a total of 410 

articles, whereof 10 articles were finally included 
in this review.

Characteristics of Included Studies
Table 2a shows the characteristics of 

the eligible studies that were screened and 
found suitable for inclusion in the systematic 
review. The 10 included studies reported data 
for 238 participants. The age of participants 
in these studies ranged from 18 to 80 years, 
providing a broad perspective on the potential 
effects of RES across different age groups. The 
studies comprised of more males than females. 
The studies reviewed were predominantly 
randomised and controlled, with a mix of double-
blind and single-blind methodologies (7, 16–23).

For the intervention methods, RES dosages 
and the timing of supplementation varied 
across studies. Pre-exercise supplementation 
was a common approach (7, 16, 17, 20, 21, 23), 
ranging from 4 to 90 days prior to exercise, with 
one study utilising both prior to exercise until 
post-exercise (24). Conversely, some studies 
utilised during-exercise supplementation (18, 
19, 22), ranging from 8-weeks to 3 months 
of supplementation. This categorisation 
underscores the diversity in the timing of 
RES supplementation across various research 
studies, highlighting the different approaches to 
understanding its effects in relation to physical 
activity.

The type and intensity of exercises also 
varied, which include marathon running 
(17), high-intensity cycling (16), moderate-
intensity ergometer workouts (18), acute 
plyometric exercises, including maximal 
vertical jumps (7), moderate-intensity routines 
incorporating a variety of physical fitness tests 
(19), resistance training with exercises like 
leg presses (22), depth jumps and leg presses 
at high intensity (20) and high-intensity 
exercises targeting specific muscle groups (21, 
23). There was also a study that employed a 
protocol designed to induce muscle damage 
through eccentric dorsiflexion (24). This 
diversity in exercise modalities provides a 
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Discussion

This systematic review critically examined 
the role of RES supplementation in modulating 
DOMS and its overall impact on muscle recovery. 
Notably, while most studies demonstrate a 
potential benefit of RES in reducing DOMS 
severity and enhancing muscle recovery, 
the variability in outcomes underscores the 
complexity of the compound interactions within 
the human body during and after strenuous 
physical activities. Our review suggests that RES 
is a promising supplement for improving muscle 
recovery and mitigating DOMS, with potential 
benefits for overall performance, although its 
use may require careful consideration of age, 
sex, health status, type and intensity of exercise, 
dosages, and timing of supplementations.

Efficacy of RES in Reducing DOMS 
Severity

Theoretical perspectives suggest that 
RES, known for its anti-inflammatory and 
antioxidant properties, might mitigate DOMS 
through reducing muscle inflammation and 
oxidative stress. This is evidenced from a 
study by Huang et al. (7), who demonstrated a 
reduction in muscle soreness in non-athletes 
engaged in plyometric exercises following RES 
supplementation. This study highlights the 
potential role of RES in modulating oxidative 
stress, which is a key factor in the development 
of DOMS. Furthermore, the study highlights 
the importance of RES dosage, revealing 
that subjects receiving higher doses of RES 
supplementation reported enhanced recovery 
metrics, especially following the Wingate 
anaerobic test. The study’s focus on non-
athletes performing high-impact exercises 
such as plyometrics, which are known to 
induce significant muscle damage, offers a 
valuable perspective on the efficacy of RES in 
a more general population (7). On the other 
hand, Laupheimer et al. (17) conducted a study 
investigating the effects of RES supplementation 
on marathon runners and showed contrasting 
results. Their findings did not show significant 
differences in VAS scores for muscle soreness 
post-marathon nor in their immune responses. 
The authors stated that this might be due to the 
low number of participants, the timing of the 
test, which affected the white blood cell count 
(WBC) results, and the dose of RES. Regardless, 
the study is valuable for its hypothesis-driven 
approach. It suggests that while their study RES 

dosage may not significantly reduce perceived 
muscle soreness in marathon runners, it sets a 
foundation for further research in higher dosages 
of RES and with higher number of participants.

The nuanced landscape of RES’s impact on 
DOMS and exercise performance is complex, as 
evidenced by the varied outcomes in different 
studies. Two such studies that contribute to this 
complexity are those conducted by Tsao et al. 
(16) and Løkken et al. (18), each presenting less 
conclusive or differing results. Tsao et al. (16) 
explored the effects of RES supplementation on 
markers of inflammation, oxidative stress, and 
fatigue in the context of high-intensity cycling 
performance. Their findings indicated that while 
RES supplementation attenuated increases in 
interleukin-6 (IL-6), a marker of inflammation, 
after cycling, but it did not significantly impact 
other blood biomarkers, overall inflammation, 
oxidative stress, or fatigue. Notably, there was 
also no significant improvement in high-intensity 
cycling performance (16). The reduction in IL-6, 
however, could be advantageous for athletes in 
training, particularly for endurance performance 
where inflammation plays a crucial role. This 
suggests that RES might have specific benefits in 
modulating certain aspects of the inflammatory 
response as soon as 4 days of ingestion pre-
workout, albeit without ergogenic effects on 
performance (16).

On the other hand, Løkken et al. (18) 
investigated the effects of RES on exercise 
capacity in patients with mitochondrial 
myopathy (MM). Their findings were that RES 
did not enhance exercise capacity, maximal 
oxidative capacity, or workload capacities 
in these patients. Furthermore, RES failed 
to increase fatty acid oxidation or improve 
perceived fatigue as measured by the fatigue 
severity scale, nor did it improve self-assessed 
health (18). Additionally, RES did not elevate 
biomarkers in muscle tissue or increase the 
activity of mitochondrial complexes I and IV in 
peripheral blood mononuclear cells (PBMCs). 
This study is particularly important as it 
highlights the limitations of RES’s efficacy in 
a clinical population with specific metabolic 
impairments, suggesting that its benefits may 
not extend to all forms of exercise-induced stress 
or fatigue (18). The limited impact observed in 
these studies could be attributed to the complex 
interplay between RES’s bioavailability, the 
intensity of exercise, and individual physiological 
differences. This aligns with the concept that 
the efficacy of nutritional interventions like 
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antioxidants in DOMS management can vary 
significantly (27).

Effects of RES on Muscle Recovery and 
Performance

The effects of RES on muscle recovery 
can be understood by examining its impact 
on key biomarkers of muscle damage and 
the underlying cellular processes. A primary 
indicator of muscle damage is the level of CK 
in the blood (15). CK is an enzyme found in the 
heart, brain, and skeletal muscle, and its elevated 
levels post-exercise indicate muscle tissue 
damage. When muscle fibres are damaged, CK 
is released into the bloodstream, serving as a 
reliable marker of muscle injury. In addition to 
CK, LDH is another enzyme that plays a crucial 
role in energy production and is released into 
the blood when cellular damage occurs (15). 
Elevated levels of LDH post-exercise are also 
indicative of muscle damage. The mechanism 
of action of RES in this context is multifaceted. 
As an antioxidant, RES helps in scavenging 
free radicals produced during intense exercise, 
thereby reducing oxidative stress in muscle cells 
(28). Oxidative stress can lead to cellular damage 
and inflammation, exacerbating muscle soreness 
and damage. Therefore, by mitigating oxidative 
stress, RES not only protects muscle cells from 
further damage but may also limit the release 
of CK and LDH, promoting muscle recovery 
and reducing inflammation (29). In terms of 
inflammation, RES is known to modulate various 
inflammatory pathways. Muscle damage induced 
by exercise triggers an inflammatory response, 
which is a natural part of the healing process 
but can also contribute to pain and prolonged 
recovery times. RES’s anti-inflammatory 
properties, thereby, could potentially reduce the 
severity of the inflammatory response and aiding 
in quicker muscle recovery (13).

In the study by Huang et al. (7), the 
supplementation with RES was found to 
significantly reduce and accelerate the recovery 
of muscle damage indicators such as CK and 
LDH activities in the blood after exercise-
induced muscle damage (EIMD). This suggests 
that RES may facilitate quicker recovery 
by attenuating cellular damage through its 
antioxidative and anti-inflammatory actions. 
The reduction in CK and LDH levels indicates 
that RES may help in preserving the integrity 
of muscle cell membranes, reducing the leakage 
of these enzymes into the bloodstream. This 
protective effect on muscle cells can be crucial 

for athletes and individuals engaged in regular 
or intense physical activity, as it may lead to 
reduced soreness and faster recovery times. 
Similarly, Jo et al. (20) noted a trend of reduced 
localised hyperalgesia and DOMS, with a slight 
efficacy in performance preservation during 
EIMD, though they observed no significant 
attenuation of CK leakage.

However, the impact of RES on 
performance metrics is more nuanced. The 
study by Tsao et al. (16) reported that while RES 
supplementation attenuated exercise-induced 
increase in IL-6, it did not significantly improve 
high-intensity cycling performance. Likewise, 
Løkken et al. (18) observed that RES did not 
enhance exercise capacity or maximal oxidative 
workload capacities in patients with MM. These 
findings suggest that while RES may assist in the 
biochemical recovery process, its direct influence 
on performance metrics like endurance and 
strength may not be as pronounced.

Attributed Factors to the Variability in 
Responses and Study Outcomes

The effects of RES on DOMS, muscle 
recovery and performance highlight a notable 
variability in study outcomes, which can be 
attributed to several factors. These include 
differences in RES dosages, diverse participant 
characteristics, and the varied nature and 
intensity of exercises involved in the studies. 
Understanding these variations is crucial for 
interpreting the efficacy of RES in different 
contexts.

One of the primary factors contributing to 
the variability in study outcomes is the dosage of 
RES used. The relationship between RES dosage 
and its effectiveness is complex and appears 
to be dose-dependent, as suggested by studies 
such as Huang et al. (7), which observed more 
pronounced recovery effects with higher doses. 
In contrast, lower doses in studies like Macedo 
et al. (19) may not have been sufficient to elicit 
significant changes, indicating that the dosage 
is a critical factor in determining the efficacy of 
RES supplementation.

The age, sex, health status and fitness 
level of study participants also influence the 
outcomes of RES supplementation. Different 
age groups, sexes and health statuses may 
respond differently to RES due to variations in 
metabolism and baseline physiological states. 
For example, the response in older adults with 
MM in Løkken et al. (18) contrasted with the 
younger, non-athletic group in Huang et al. (7). 
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There are a few hypothetical reasons for this. 
Research has shown that RES’s effects may 
be muscle fibre type-specific (10). Evidence 
from animal studies suggests that RES affects 
differently on type IIA and IIB fibres, with 
larger fibres observed in the recovery group. 
Since MM often affect specific fibre types 
differently, RES’s selective influence on muscle 
fibre types could lead to varied outcomes 
in muscle recovery and function in affected 
individuals (10). Furthermore, in older adults 
with underlying mitochondrial disorder (18), 
the metabolic rate is likely slower compared to 
younger, healthy individuals. This can affect 
how RES is metabolised and utilised in the body. 
Additionally, ageing is associated with increased 
oxidative stress and a chronic low-grade 
inflammatory state known as “inflammaging” 
(30). The effectiveness of RES in such a context 
may be limited or require higher dosages to 
overcome this baseline inflammatory state and 
oxidative stress.

RES may also affect differently on people 
with different fitness levels, which can be seen in 
the contrasting results by Laupheimer et al.(17) 
and Huang et al. (7). In this case, trained athletes 
(17) might exhibit different baseline levels of 
oxidative stress and inflammation compared 
to untrained individuals (7), influencing their 
response to supplementation (31). Non-athletes, 
typically characterised by lower baseline 
fitness levels, may respond differently to RES 
supplementation compared to endurance 
athletes, who usually have higher fitness levels 
and are accustomed to regular, intense physical 
activity. The study by Huang et al. (7) found 
that RES had a noticeable effect on reducing 
muscle soreness and improving recovery in non-
athletes. This group may benefit more distinctly 
from RES’s anti-inflammatory and antioxidant 
properties due to their bodies’ potentially greater 
susceptibility to exercise-induced oxidative 
stress and inflammation, given their lower 
baseline oxidative stress tolerance. Conversely, 
the research by Laupheimer et al. (17) involving 
endurance athletes—individuals who regularly 
engage in high-intensity, prolonged physical 
activity—may not have shown as pronounced 
benefits from RES supplementation. Endurance 
athletes often develop adaptive mechanisms 
to manage oxidative stress and inflammation 
more efficiently due to their training, possibly 
diminishing the relative impact of RES’s 
antioxidative and anti-inflammatory effects. The 
contrasting results between these two studies 

underscore the importance of considering 
individual fitness levels when evaluating the 
efficacy of RES. This insight suggests that RES 
supplementation may need to be tailored to the 
individual’s fitness background to maximise its 
potential benefits.

In addition to age, health status and 
fitness level, sex differences have also been 
shown to play a role in the response to RES 
(32, 33). Hormonal variations, particularly 
the effects of oestrogen, has been found to 
influence antioxidant capacity and inflammatory 
responses. Women, for instance, might respond 
differently to RES supplementation due to the 
protective cardiovascular and antioxidative 
effects of oestrogen, which could interact with 
RES’s mechanism of action (32, 33).

Finally, one might also consider the type 
and intensity of exercise as a factor in variability 
of responses to RES. Different exercises induce 
varying levels of muscle damage, oxidative 
stress, and inflammation, which in turn affect 
the body’s response to RES. The high-intensity 
cycling challenge in Tsao et al. (16) might induce 
different physiological responses compared 
to the plyometric exercises in Huang et al. (7), 
suggesting that the nature of physical exertion 
is an important consideration in evaluating 
RES’s effectiveness. Individual biological 
differences, including genetic predispositions 
and lifestyle factors, can also contribute to the 
diverse responses seen in RES studies (34). 
These individual factors can affect how RES is 
metabolised and the body’s overall response 
to its supplementation, adding another layer 
of complexity to the interpretation of study 
outcomes.

Potential Mechanisms Underlying 
the Role of RES in the Modulation of 
Oxidative Stress, Inflammation, and 
Cellular Functions

The potential mechanism underlying the 
role of RES in modulating oxidative stress, 
inflammation, and cellular functions particularly 
in the context of exercise recovery, is rooted in 
its ability to interact with and influence various 
cellular pathways (Figure 2) (6, 35). RES’s 
multifaceted role in muscle recovery extends 
from modulating enzyme activity to enhancing 
cellular functions. For example, it has been 
found to potentially inhibits enzymes such 
as phospholipase A2 (36), thus safeguarding 
cell membranes and sarcoplasmic reticulum 
proteins from damage. Additionally, its ability 
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to bolster mitochondrial function (29) may 
preserve ATP levels, which are vital in preventing 
muscle damage. Beyond energy dynamics, RES 
also encourages muscle fibre remodelling and 
adaptation (37), possibly by influencing growth 
factors while simultaneously reducing cell death. 
It also plays a crucial role in muscle function 
by contributing to calcium homeostasis (38) 
within the sarcoplasmic reticulum, a key factor 
in muscle contraction and a determinant in the 
development of muscle soreness. At the cellular 
level, RES is also known to activate pathways 
associated with cellular protection and repair. 
One key mechanism is its ability to upregulate 
the expression of antioxidant enzymes. These 
enzymes, such as superoxide dismutase (SOD) 
and catalase, play a critical role in neutralising 
reactive oxygen species (ROS) generated during 
intense physical activity (39, 40). By enhancing 
the body’s natural antioxidant defences, RES can 
help mitigate the oxidative damage to muscle 
cells that often occurs during and after high-
intensity exercise.

In addition to its antioxidative properties, 
RES has also been found to downregulate NF-
κB (41), inhibit the IGF-1R/Akt/Wnt signalling 
pathway, and stimulate the expression of 
p53 (42), all of which contribute to its anti-
inflammatory effects (43). Previous studies have 
also demonstrated that RES supplementation 
can alleviate the detrimental effects associated 
with EIMD during the recovery phase (6). In 
an animal study, Wu et al. (15) observed that 
RES supplementation effectively enhanced 
muscle strength and endurance performance 
while also reducing biochemical markers of 
fatigue following exercise. Moreover, RES has 
also been found to exert a synergistic effect 
with resistance exercise training, whereby the 
combination was found to expedite the recovery 
of muscle strength and significantly boost muscle 
endurance performance (44). Additionally, 
RES supplementation post-muscle contusion 
has been found to be effective in decreasing 
damage indicators such as increased CK and 
LDH activities in the blood and in promoting 
the regeneration of muscle satellite cells (12). 
However, these studies were conducted using 
animal models, and further research is necessary 
to confirm these benefits for human muscle 
recovery.

The potential mechanism underlying RES’s 
role in exercise recovery involves its ability to 
enhance the body’s antioxidative defences and 
reduce inflammation. This dual action is crucial 
in mitigating the detrimental effects of EIMD.

Synergistic Effects of RES with Other 
Nutritional Supplements

The consumption of multiple supplements 
simultaneously is a common practice among 
athletes. Recent research suggests that when 
combined with other nutritional supplements 
or interventions, RES may exhibit synergistic 
effects, enhancing its efficacy in various health 
contexts (45–47). To date, no study has provided 
evidence of the synergistic effects of RES with 
other nutritional supplements in the context 
of DOMS. However, other context has shown 
promising results. One area where RES has been 
found to show promising synergistic effects is 
in cardiovascular health. Studies have indicated 
that RES when combined with other red wine 
phenolics like quercetin, can suppress tissue 
factor induction in blood cells, which is a key 
factor in thrombosis and heart attack (48). This 
suggests that RES, in combination with other 
compounds, could be more effective in improving 
cardiovascular health and preventing coronary 
heart diseases.

In the realm of metabolic health, RES’s 
combination with other phytochemicals like 
genistein and quercetin has been shown to 
synergistically decrease adipogenesis, the 
process of cell differentiation into fat cells 
(49). This combination has implications 
for managing obesity and related metabolic 
disorders. Additionally, in animal models, 
the combination of RES with a high-fat diet 
(50) has demonstrated enhanced metabolic 
and physiological adaptations, suggesting 
a potential role in managing obesity and 
improving exercise performance. RES’s 
synergistic effects also extend to the field of 
ageing and neurodegenerative diseases. For 
instance, its combination with vitamin D has 
been found to reduced tunicamycin- induced 
cytotoxicity, reduced elevated endoplasmic 
reticulum stress, restored insulin signalling 
disruption, and reduced tunicamycin- induced 
tau phosphorylation (51). This suggests that RES, 
in combination with other dietary interventions, 
could be beneficial in slowing down ageing 
processes and mitigating age-related diseases.

The synergistic effects of RES with other 
nutritional supplements or interventions offer 
promising avenues for enhancing its beneficial 
impacts on human physiological and metabolic 
health. These findings underscore the potential 
of RES as a component of combined therapeutic 
strategies, although further research is needed 
to fully understand these interactions and their 
implications for human health.
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Safety and Adverse Effects of RES 
Supplementation

In evaluating the suitability of RES 
supplementation for various populations, 
addressing safety concerns and potential adverse 
effects is crucial. The studies reviewed generally 
indicate that RES is well-tolerated (52), with 
few significant adverse effects reported (53). 
However, the long-term safety profile, especially 
at higher doses, remains insufficiently explored. 
Notably, studies with diverse dosages and 
participant demographics did not consistently 
report detailed information on adverse effects, 
suggesting a gap in the current literature. To 
ensure comprehensive understanding and safe 
application, future research should prioritise 
detailed monitoring and reporting of any adverse 
effects, particularly in long-term studies. This 
focus is essential to ascertain the safety of RES 
supplementation across different populations, 
including athletes, individuals with varying 
health statuses, and those engaged in diverse 
types of physical activity.

This systematic review comprehensively 
examines the effects of RES on exercise-induced 
DOMS and muscle recovery in adults, providing 

insights into its potential benefits, mechanisms 
of action, and synergistic interactions with other 
nutritional supplements.

Conclusion

In conclusion, while RES emerges 
as a potential supplement for enhancing 
muscle recovery and mitigating DOMS, its 
application must be approached with a nuanced 
understanding of its variable efficacy and the 
current limitations in research.

What Was Already Known on This Topic
DOMS poses significant recovery challenges 

for athletes and recreational exercisers, 
impacting subsequent performance and training 
continuity. Previous studies have explored 
various nutritional and pharmacological 
interventions to mitigate DOMS, with RES, 
known for its anti-inflammatory and antioxidant 
properties, showing potential benefits. However, 
these studies have often presented mixed results, 
highlighting the need for a more comprehensive 
analysis that includes a wider range of studies.
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Figure 2. Mechanisms of RES in alleviating DOMS and enhancing muscle recovery
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What This Review Adds
This systematic review provides a thorough 

examination of RES supplementation’s effects 
on exercise-induced DOMS and muscle recovery. 
Our findings indicate that RES can potentially 
reduce DOMS severity and enhance muscle 
recovery, primarily through its antioxidant 
and anti-inflammatory actions. The review 
also identifies significant variability in the 
effectiveness of RES, influenced by factors such 
as age, sex, health status, fitness level, dosage, 
timing of supplementation, and the type of 
exercise. Importantly, this review highlights 
the potential for synergistic effects when RES is 
combined with other nutritional supplements, 
suggesting a promising area for future research. 
By offering a detailed analysis of the current 
evidence, this review clarifies the conditions 
under which RES supplementation could be most 
beneficial for athletes and recreational exercisers, 
contributing to the optimisation of recovery 
strategies in sports and exercise medicine.
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Appendix 1. Database search strategy

Web of Science (WoS)
The search strategy for Web of Science aims 

to pinpoint all original articles that investigate 
the influence of resveratrol supplementation 
on delayed onset muscle soreness (DOMS) 
post-physical activity or exercise in adults. The 
PICO framework (Population, Intervention, 
Comparison, Outcome) was used to guide the 
development of this search strategy:

Population
The target population encompasses adults 

(18 years and above) who participated in exercise 
or physical activity. Keywords such as “Adult*”, 
“Exercise”, “Physical Activity”, and “Training” 
were employed to identify this demographic.

Intervention
The focal intervention is the intake of 

resveratrol. Keywords like “Resveratrol” and 
“trans-3,5,4’-trihydroxystilbene” was used to 
pinpoint this intervention.

Comparison
The comparison of interest is exercise or 

physical activity without the intake of resveratrol.

Outcome
The primary outcome revolves around the 

onset and intensity of DOMS, evaluated using 
biomarkers, standardized tests, or self-report 
measures. Keywords for this outcome include 
“Delayed Onset Muscle Soreness”, “DOMS”, 
“Muscle Pain”, “Muscle Soreness”, “Muscle 
Ache”, “Biomarkers”, “Biochemical Markers”, 
“Muscle Damage Markers”, “Standardized Tests”, 
“Objective Assessment”, “Muscle Function 
Tests”, “Self-report”, ‘Pain Scale”, “Visual Analog 
Scale”, “Questionnaire”, “ROM”, and “Range of 
Motion”.

In the Web of Science Core Collection, 
the TS=(field) was be employed to search for 
keywords within the title, abstract, and author 
keywords:

TS=((“adult*” AND (“exercise” OR “physical 
activity” OR “training”)) AND (“resveratrol” OR 
“trans-3,5,4’-trihydroxystilbene”) AND (“delayed 
onset muscle soreness” OR “DOMS” OR “muscle 
pain” OR “muscle soreness” OR “biomarkers” 
OR “biochemical markers” OR “muscle damage 

markers” OR “standardized tests” OR “objective 
assessment” OR “muscle function tests” OR “self-
report” OR “pain scale” OR “visual analog scale” 
OR “questionnaire” OR “ROM” OR “Range of 
Motion”))

PubMed (Medline)
For the PubMed (Medline) search, a 

combination of Medical Subject Headings 
(MeSH) terms, relevant keywords, and synonyms 
were employed to ensure a comprehensive 
identification of eligible studies. The same 
PICO framework as WoS was used to guide the 
development of this search strategy.

The search strategy encompassed the 
following MeSH terms and keywords:

((“Adult”[MeSH] OR “Exercise”[Title/
Abstract] OR “Physical Activity”[Title/
Abstract] OR “Training”[Title/Abstract]) 
AND (“Resveratrol”[MeSH] OR “trans-3,5,4’-
trihydroxystilbene”[Title/Abstract]) AND 
(“Delayed Onset Muscle Soreness”[Title/
Abstract] OR “DOMS”[Title/Abstract] OR 
“Muscle Pain”[Title/Abstract] OR “Muscle 
Soreness”[Title/Abstract] OR “Muscle 
Ache”[Title/Abstract] OR “Biomarkers”[Title/
Abstract] OR “Biochemical Markers”[Title/
Abstract] OR “Muscle Damage Markers”[Title/
Abstract] OR “Standardized Tests”[Title/
Abstract] OR “Objective Assessment”[Title/
Abstract] OR “Muscle Function Tests”[Title/
Abstract] OR “Self-report”[Title/Abstract] OR 
“Pain Scale”[Title/Abstract] OR “Visual Analog 
Scale”[Title/Abstract] OR “Questionnaire”[Title/
Abstract] OR “ROM”[Title/Abstract] OR “Range 
of Motion”[Title/Abstract])).

Scopus
The search strategy for Scopus was 

conducted using the Scopus database. The same 
PICO framework as WoS and Pubmed (Medline) 
was used to guide the development of this 
search strategy. The search was not limited by 
date, language, or publication status to ensure a 
comprehensive review of the available literature. 
The search strategy was as follows:

(TITLE-ABS-KEY(“Adult” OR “Exercise” 
OR “Physical Activity” OR “Training”) AND 
TITLE-ABS-KEY(“Resveratrol” OR “trans-
3,5,4’-trihydroxystilbene”) AND TITLE-
ABS-KEY(“Delayed Onset Muscle Soreness” 
OR “DOMS” OR “Muscle Pain” OR “Muscle 
Soreness” OR “Biomarkers” OR “Biochemical 
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Markers” OR “Muscle Damage Markers” OR 
“Standardized Tests” OR “Objective Assessment” 
OR “Muscle Function Tests” OR “Self-report” 
OR “Pain Scale” OR “Visual Analog Scale” OR 
“Questionnaire”))

Cochrane Library (CENTRAL)
The search strategy for the Cochrane 

Library was conducted using the Cochrane 
Central Register of Controlled Trials (CENTRAL) 
database. The same PICO framework as WoS, 
Pubmed (Medline) and Scopus was used to 
guide the development of this search strategy. 
The search was not limited by date, language, 

or publication status to ensure a comprehensive 
review of the available literature. The search 
strategy was as follows:

((Adult* OR Exercise OR “Physical Activity” 
OR Training) AND (Resveratrol OR “trans-
3,5,4’-trihydroxystilbene”) AND (“Delayed 
Onset Muscle Soreness” OR DOMS OR “Muscle 
Pain” OR “Muscle Soreness” OR Biomarkers OR 
“Biochemical Markers” OR “Muscle Damage 
Markers” OR “Standardized Tests” OR “Objective 
Assessment” OR “Muscle Function Tests” OR 
Self-report OR “Pain Scale” OR “Visual Analog 
Scale” OR Questionnaire))
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