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Abstract
Background Vitamin C (ascorbic acid) seems to attenuate the overproduction of reactive species during and after exercises. 
Yet, no meta-analysis has summarized the magnitude of this effect. The objective of this study was to systematically review 
the effects of vitamin C supplementation on oxidative stress, inflammatory markers, damage, soreness, and the musculo-
skeletal functionality after a single bout of exercise.
Methods Major electronic databases were searched, from inception to September 2019, for placebo-controlled randomized 
clinical trials (RCTs) that evaluated the effects of vitamin C supplementation on oxidative stress parameters, inflammation 
markers, muscle damage, muscle soreness, and muscle functionality after a single bout of exercise in healthy volunteers. Ran-
dom-effects modelling was used to compare mean changes from pre- to postexercise in participants that were supplemented 
with vitamin C versus placebo. Data were reported as standard mean difference (SMD) and 95% confidence interval (CI).
Results A total of 18 RCTs, accounting for 313 participants (62% males, median age = 24 years) were included. Vitamin C 
supplementation reduced lipid peroxidation immediately (SMD = − 0.488; 95% CI = − 0.888 to − 0.088), 1 h (SMD = − 0.521; 
95% CI = − 0.911 to − 0.131) and between 1 and 2 h (SMD = − 0.449; 95% CI = − 0.772 to − 0.126) following exercise. Exer-
cise induced interleukin-6 (IL-6) response was attenuated 2 h (SMD = − 0.764; 95% CI = − 1.279 to − 0.248) and between 1 
and 2 h (SMD = − 0.447; 95% CI = − 0.828 to − 0.065) after exercise. No effects of vitamin C supplementation were found 
on creatine kinase (CK), C-reactive protein (CRP), cortisol levels, muscle soreness, and muscle strength.
Conclusion Vitamin C supplementation attenuates the oxidative stress (lipid peroxidation) and inflammatory response (IL-
6) to a single bout of exercise.
Registration PROSPERO (CRD42018094222).
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Introduction

Regular exercise has a multitude of benefits for physical and 
mental health [1, 2], and most are explained by its ability to 
promote adaptations in various systems, such as cardiovas-
cular, musculoskeletal, endocrine, and nervous [3–5]. Such 
adaptations also affect the longevity and enhance the quality 
of life [6]. However, acutely, a single bout of exercise might 
lead a pro-inflammatory state and cause muscular soreness 
[7, 8], as a result of lesions of the macro structures of the 
musculoskeletal system [9, 10].

Oxidative stress is shown, partially, by these inflamma-
tory events, since the higher metabolic demand during exer-
cise induces an increase in the reactive oxygen and nitrogen 
species (RONS) production [7, 10]. Since the antioxidant 
system (exogenous and endogenous) is acutely limited, 
RONS may exceed their capacity, resulting in oxidation of 
cellular constituents and cellular damage [7, 10]. For exam-
ple, immediately following an exercise session, there is a 
plasma increase of inflammatory markers, such as C-reactive 
protein (CRP) [8] and intracellular proteins, such as creatine 
kinase (CK) [11]. This inflammatory state often results in 
the presence of muscle soreness [12] and decreased func-
tionality [7], impacting the performance [13], and to the 
abandonment of regular exercise practice by beginners [14]. 
However, in the medium to long term, the greater production 
of RONS leads to an increase in the endogenous antioxidant 
system capacity [15, 16], which results in adaptations and 
muscle remodeling [17], and impacts on mortality reduc-
tion [6].

Vitamin C (Ascorbic Acid) supplementation has been 
used to increase antioxidant capacity and blunt the exces-
sive production of RONS during and shortly following exer-
cise, especially by athletes in sports competitions, although 
the results are still controversial [13]. Some studies have 
shown that vitamin C reduces lipid peroxidation [18, 19] and 
interleukin-6 (IL-6) [20], an inflammatory marker, follow-
ing exercise. However, these markers were not affected by 
vitamin C supplementation in other study [21]. A previous 
study reviewed the effects of antioxidant supplementation on 
exercise-induced oxidative stress, showing that the results 
are inconclusive [22]. Furthermore, systematic reviews [23, 
24] evaluated the effects of antioxidant supplementation on 
delayed onset of muscle soreness (DOMS) and found a small 
reduction following high-dose supplementation [24]. None-
theless, such reviews considered studies that carried out 
supplementation with several antioxidants, either alone or 
combined. Thus, the effects of isolated vitamin C on oxida-
tive stress, inflammatory markers, damage, soreness, and the 
strength following exercise are still uncertain. The objective 
of this study was to systematically review the literature on 
the effects of vitamin C supplementation on oxidative stress, 

inflammatory markers, damage, soreness, and the musculo-
skeletal functionality of healthy volunteers after exercise.

Methods

This systematic review was conducted according to the 
guidelines suggested by the Preference Report Items for Sys-
tematic Review and Meta-analyses: the PRISMA statement 
[25] and followed the recommendations of the Cochrane 
Handbook [26]. The study was registered in PROSPERO 
under the number CRD42018094222.

Literature search strategy

The search strategy considered the studies published from 
inception to September 2019 on MEDLINE (PubMed), 
EMBASE, Cochrane CENTRAL, Web of Science and Sport 
Discus databases, without restriction of year of publication 
or language. The following descriptors were used: “Adult”, 
“Healthy Volunteers”, “Athletes”, “Ascorbic Acid” and 
“Exercise”, associated with a highly sensitive search strat-
egy for clinical trials [27]. Also, there was a manual search 
in included articles’ and previous reviews’ reference lists 
[23, 24] and on the ClinicalTrials (website). The full search 
strategy for each database can be found in the Online Sup-
plemental Table 1.

Eligibility criteria

Two reviewers (NCR and ATD) independently assessed the 
identified studies and selected them, by title and abstract, 
according to the following inclusion criteria: (1) Placebo-
controlled randomized clinical trials (RCTs); (2) evaluated 
the effects of vitamin C supplementation on oxidative stress 
parameters, inflammatory markers, muscle damage, mus-
cle soreness and/or muscle functionality (e.g., functional 
capacity, strength, flexibility, power, endurance, range of 
motion [ROM], among others) immediately post and over 
different periods within the next 5 days following an single 
bout of exercise; (3) included healthy adults (over 18 years), 
who could be athletes (individuals that exercise regularly to 
improve performance; that are registered in some sports fed-
eration and participate in official sports competitions), active 
individuals (current exercisers who do not meet the criteria 
for athlete definition) [28] or untrained, and (4) presented at 
least one comparison between an intervention group with 
isolated vitamin C supplementation against a placebo condi-
tion, that had been submitted to the same exercise protocol.

The abstracts that potentially met the criteria or that 
did not provide sufficient information were selected for 
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full-text evaluation. At this stage, the exclusion criteria 
were: (1) supplementation interrupted 24 h (h) prior to 
exercise, due to the fact that 24 h after supplementation, 
plasma vitamin C concentration returns to basal levels 
[29]; (2) supplementation performed only following exer-
cise. Disagreements were resolved by consensus and, if 
necessary, by a third reviewer (LUS).

Data extraction

Through the use of standardized forms, two independ-
ent reviewers (NCR and CMP) extracted information on 
study identification (authors, year of publication, country, 
funding); sample characteristics (sample size, % of males, 
age, body mass index); study protocol and interventions 
data (study design, exercise type, intensity and time) and 
vitamin C intake (dosage, length of use); outcomes data 
(oxidative stress parameters, lipoperoxidation, malon-
dialdehyde (MDA), and thiobarbituric acid reactive sub-
stances (TBARS), inflammation (IL-6 and CRP), muscle 
damage (CK), muscular soreness, muscle strength (meas-
ured trough maximum voluntary contraction (MVC) and 
peak torque isometric and isokinetic) and biomarkers 
from blood tissue, analyzed both on serum and plasma 
levels (collected from 24 h, 48 h and 72 h following the 
exercise bout). Outcome data presented in graphs in the 
original papers were retrieved through PlotDigitizer soft-
ware for Windows. Divergences between the evaluators 
were resolved by consensus, or, whenever necessary, by 
decision of a third reviewer (LUS) was consulted. When 
necessary, the main authors of the selected studies were 
contacted for additional information and data.

When considering the studies with more than one inter-
vention groups, the ones with the highest dose of admin-
istered vitamin C were extracted, besides the group that 
underwent supplementation in only 1 day. Studies with 
standard error values of 0 were adopted for analysis as 
0.001.

Risk of bias assessment and quality of evidence

The risk of bias was assessed by two independent reviewers 
(NCR and CMP), using the tool presented in the Cochrane 
Handbook for Systematic Reviews of Interventions, version 
5.1.0 [26]. The evaluated domains were random sequence 
generation, concealed allocation, blinding of participants, 
professionals and evaluators to outcomes, description of 
losses or exclusions, and selective reporting. For each of the 
domains, the risk of bias was characterized as “low”, “high” 
or “uncertain”. The certainty in the evidence and strength 
of the recommendations for each outcome was evaluated 

according to the grading of recommendation, assessment, 
development and evaluation (GRADE), considering study 
design, risk of bias, inconsistency of the results, indirect-
ness of evidence, imprecision, and publication bias [30, 31].

Data analysis

The analyses were performed through the Comprehensive 
Meta-Analysis Software, version 3. A random-effects meta-
analysis using the DerSimonian and Laird method was per-
formed, and the data were presented by standard mean dif-
ference (SMD) together with 95% confidence intervals (95% 
CI) as effect size measurement. The SMD was calculated 
by the difference of the mean values and standard deviation 
between baseline and postexercise, of the vitamin C versus 
Placebo groups, for each study, respectively. The analyses 
were performed for each outcome collected between 0 and 
24 h, 24 h, 48 h, and 72 h following exercise, separately. The 
considered effect sizes were small if SMD > 0.2, moderate if 
SMD > 0.5 and large if SMD > 0.8, [32] and a p value ≤ 0.05 
was considered statistically significant.

Heterogeneity was assessed by the Chi squared test and I 
squared test (I2), considered low, moderate, and high when 
I2 values were < 25%, 25–50%, and > 50%, respectively 
[33]. In order to explore the heterogeneity, we performed: 
(1) sensitivity analyses withdrawing studies with athletes 
and anaerobic exercise; (2) subgroups analyses, exploring 
the vitamin C dose (up to 500 mg and > 500 mg), measure-
ment method (for MDA and TBARS), study design (cross 
and parallel), exercise intensity (moderate and high); and 
(3) meta-regressions testing the association between gender 
(%men), age (years) and time of supplementation (in days) 
with their effects on lipid peroxidation. The publication bias 
was assessed by Funil visual analysis and the Egger test [34] 
and adjusted using the Trim and Fill technique [35].

Results

Description of studies

Initially, of the 1165 potentially relevant studies found, 
18 RCTs [18–21, 36–49] met the inclusion criteria. The 
included studies were published between 1993 and 2019 
and included a total of 313 participants, with a median age 
of 24 years (72% men), 13% athletes, 33% active and 54% 
healthy adults. Figure 1 shows the flowchart, detailing the 
number of studies excluded for each reason and the main 
characteristics of the studies are detailed in Table 1.

The supplementation was performed orally in all stud-
ies, with dose ranging from 400 to 3000 mg. The period 
of intake before exercise raged from 1 to 28 days. Aero-
bic exercise was used in most (83%, k = 15) [19–21, 36–38, 
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40–45, 47–49] of the studies. Oxidative stress was assessed 
in 78% (k = 14) of the included studies, through lipid per-
oxidation [18–21, 36, 40–43, 45, 47–49], protein carbonyls 
[47], enzymes including superoxide dismutase [49], catalase 
[49], glutathione peroxidase [49], total glutathione [40], and 
ratio of oxidized to total glutathione [39, 47]. Only lipid 
peroxidation was meta-analyzed, since it was the only vari-
able evaluated in a sufficient number of RCTs and caused 
enough controversies in the results section that would jus-
tify such meta-analysis. There was the evaluation of IL-6 in 
33% (k = 6) [19–21, 44, 45, 48] of the studies, CRP in 17% 
(k = 3) [20, 21, 49], CK in 50% (k = 9) [18, 20, 21, 38, 39, 
43, 44, 48, 49] and cortisol levels in 22% (k = 4) [19, 20, 43, 
45]. Muscle soreness was evaluated in 39% (k = 7) [20, 36, 
37, 39, 43, 44, 46] of the studies, through visual scales with 

different metrics [20, 36, 37, 39, 43, 44, 46] and pressure 
algometry [36]. Musculoskeletal functionality was assessed 
in 33% (k = 6) [20, 36, 38, 39, 43, 46] of them, through mus-
cle strength [20, 36, 38, 39, 43, 46], ROM [39], flexibility, 
and muscle tenderness [46]. Functionality was analyzed only 
by muscle strength, as it was the only variable evaluated in 
a sufficient number of RCTs to perform the meta-analysis. 
All selected studies were controlled by placebo and eight 
of them presented crossover design [19, 37, 41–43, 45, 47, 
49]. Eight studies reported information on funding, of which 
six [21, 37, 40–42, 49] refer to funding for research in uni-
versities or public bodies and two [20, 43] were financed by 
companies. Two studies [36, 38] reported only academic 
or technical support. In eight included studies [18, 19, 39, 
44–48], information on research funding was not reported. 

Fig. 1  Flowchart of the study design. n sample size
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In the period between 0 and 24 h, a study [20] assessed out-
comes 1 h and 2 h after exercises, with only the 2-h period 
being included in the 1 h and 2 h analysis, and another study 
[49] assessed outcomes 30 min after exercise, being included 
in the analysis of 1 h.

Quantitative synthesis/meta-analyses

Lipid peroxidation

Lipid peroxidation was evaluated in 13 studies using MDA 
[18, 20, 21, 36, 40, 43, 45, 48] or TBARS [19, 41, 42, 47, 
49] (n = vitamin C: 140/Placebo: 140). Immediately after 
the exercises, there was a small reduction (SMD = − 0.488; 
95% CI = − 0.888 to − 0.088; p = 0.017; n = vitamin C: 140/
Placebo: 140; studies = 12; I2 = 60.60; very low quality of 
evidence), moderate reduction 1 h (SMD = − 0.521; 95% 
CI = − 0.911 to − 0.131; p = 0.009; n = vitamin C: 53/Pla-
cebo: 53; studies = 5; I2 = 0; moderate quality of evidence) 
and small reduction 1 h and 2 h (SMD = − 0.449; 95% 
CI = − 0.772 to − 0.126; p = 0.006; n = vitamin C: 76/Pla-
cebo: 77; studies = 7; I2 = 0; moderate quality of evidence) 
after exercises (Fig. 2). Two hours, 24 h, 48 h, and 72 h after 
exercise, there were no differences between groups (Sup-
plemental Table 2) and based on the GRADE approach, 
the quality of the evidence for this outcome was consid-
ered moderate (to 2 h) and very low to the other moments 
(Supplemental Table 3). Potential publication bias was 
found by funnel chart (Supplemental Fig. 1) and Egger’s 
test in lipid peroxidation analyses 0 h (p = 0.022; Trim and 
Fill adjusted effect size: unchanged) and 24 h (p = 0.038; 
Trim and Fill adjusted effect size: unchanged). A sensitivity 
analysis removing two studies with athletes [41, 48] and one 
study that performed anaerobic exercise [18] did not change 
the results in the lipid peroxidation immediately following 
exercise.

The subgroups were analyzed regarding the supplemen-
tation dose, with a group of studies that used doses up to 
500 mg [20, 21, 40, 48] (SMD = − 0.265; 95% CI = − 0.956 
to 0.425; p = 0.451; n = vitamin C: 57/Placebo: 55; stud-
ies = 4; I2 = 0) and greater than 500 mg [18, 19, 41–43, 
45, 47, 49] (SMD = − 0.624; 95% CI = − 1.43 to − 0.105; 
p = 0.018; n = vitamin C: 83/Placebo: 85; studies = 8; 
I2 = 0), with no evidence of differences between them, but 
with reduction of lipid peroxidation only in the subgroup of 
doses greater than 500 mg. The same happened with the sub-
groups related to method of measurement of lipid peroxida-
tion, MDA [18, 20, 21, 40, 43, 45, 48] (SMD = − 0.348; 95% 
CI = − 0.867 to 0.196; p = 0.205; n = vitamin C: 85/Placebo: 
83; studies = 7; I2 = 33.94) and TBARS [19, 41, 42, 47, 49] 
(SMD = − 0.713; 95% CI = − 0.368 to − 0.057; p = 0.033; 
n = vitamin C: 55/Placebo: 57; studies = 5; I2 = 77.74) and 
subgroups of exercise intensity, moderate [19, 21, 45] 

(SMD = − 0.340; 95% CI = − 1.024 to 0.343; p = 0.329; 
n = vitamin C: 25/Placebo: 25; studies = 3; I2 = 31.15) and 
high [18, 20, 42, 43, 47] (SMD = − 1.039; 95% CI = − 2.023 
to − 0.054; p = 0.039; n = vitamin C: 46/Placebo: 44; stud-
ies = 5; I2 = 78.86), with no evidence of differences between 
them, but with reduction of lipid peroxidation only in the 
subgroup of TBARS and high intensity. Meta-regressions 
did not correlate gender, age, and time of supplementation 
with the effects of vitamin C supplementation on lipid per-
oxidation immediately after exercise.

In#ammatory markers

The evaluation of IL-6 and CRP included six [19–21, 44, 
45, 48] (n = vitamin C: 55/Placebo: 56) and three [20, 21, 
49] (n = vitamin C: 35/Placebo: 35) studies, respectively. 
The IL-6 2  h following exercise presented a moderate 
reduction (SMD = − 0.764; 95% CI = − 1.279 to − 0.248; 
p = 0.004; n = vitamin C: 31/Placebo: 32; studies = 3; I2 = 0; 
moderate quality of evidence) and a small reduction in the 
interval between 1 and 2 h after exercise (SMD = − 0.447; 
95% CI = − 0.828 to − 0.065; p = 0.022; n = vitamin C: 55/
Placebo: 56; studies = 6; I2 = 0.08; moderate quality of evi-
dence) (Fig. 2) when compared with controls. Immediately, 
1 h, 24 h, and 48 h following exercise there was no dif-
ference between the groups supplemented with vitamin 
C and placebo (Supplemental Table 2) and based on the 
GRADE approach, the quality of the evidence for this out-
come was considered moderate in these moments. The CRP 
showed no difference between the groups at the evaluated 
moments, with moderate quality of the evidence (Supple-
mental Table 3).

Muscle damage

Nine studies [18, 20, 21, 38, 39, 43, 44, 48, 49] (n = vita-
min C: 93/Placebo: 92) assessed muscle damage from CK 
levels. Immediately, 1 h, 2 h, 24 h, 48 h, and 72 h after 
exercise, there was no difference between groups supple-
mented with vitamin C and placebo (Supplemental Table 2) 
and based on the GRADE approach, the quality of the evi-
dence for this outcome was considered very low (to 24 h) 
and moderate compared to the other moments (Supplemental 
Table 3). Potential publication bias was found by funnel plot 
examination (Supplemental Fig. 1) and by the Egger test in 
CK analysis 24 h after exercise (p = 0.011; Trim and Fill 
adjusted effect size: − 0.525; 95% CI = − 0.945 to − 0.105; 
Studies Trimmed: 2).

Cortisol

Four studies [19, 20, 43, 45] evaluated cortisol levels 
(n = vitamin C: 33/Placebo: 33) immediately, 1 h, 1 h, and 
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Fig. 2  Effect of vitamin C sup-
plementation on lipid peroxida-
tion and IL-6. Std diff in means 
standard mean difference; 95% 
CI 95% confidence intervals
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2 h, 24 h, 48 h and 72 h after exercise. In none of the evalu-
ated moments, differences between the supplements (Sup-
plemental Table 2) were observed and based on the GRADE 
approach, the quality of the evidence for this outcome was 
considered very low (to immediately, 1 h and 2 h, 24 h), 
low (to 1 h) and moderate (to 48 h and 72 h) (Supplemental 
Table 3). Potential publication bias was found by funnel plot 
(Supplemental Fig. 1) and by Egger test on cortisol analysis 
immediately following exercise (p = 0.013; Trim and Fill 
adjusted effect size:  − 0.045; 95% CI = − 0.722 to 0.632; 
Studies Trimmed: 1).

Muscle soreness

Seven studies [20, 36, 37, 39, 43, 44, 46] (n = vitamin C: 70/
Placebo: 68) evaluated muscle soreness. The meta-analysis 
results showed no difference between the groups supple-
mented with vitamin C and placebo immediately, 4 h, 24 h, 
48 h, and 72 h after exercise (Supplemental Table 2) and 
based on the GRADE approach, the quality of the evidence 
for this outcome was considered very low (to 24 h), low (to 
immediately and 48 h) and moderate (to 4 h and 72 h) (Sup-
plemental Table 3).

Muscle strength

Muscle strength was assessed through the MVC [38, 39, 
46] (n = vitamin C: 30/Placebo: 28) and isometric [43] and 
isokinetic [36] peak torque (n = vitamin C: 19/Placebo: 
19). Immediately, 24 h, 48 h and 72 h after exercise, no 
difference was observed between groups supplemented 
with vitamin C and placebo (Supplemental Table 2). Based 
on the GRADE approach, the quality of the evidence for 
this outcome was considered very low (to MVC—24 h), 
low (to 72 h) and moderate to the other moments (Sup-
plemental Table 3). Potential publication bias was found 
by visual examination of the funnel plot (Supplemental 
Fig. 1) and the Egger test in the analysis of MVC 72 h 
(p = 0.010; Trim and Fill adjusted effect size: unchanged).

Assessment of risk of bias and quality of evidence

The assessment of risk of bias in the included studies 
is shown in Table 2. Information on the randomization 
method and concealed allocation was unclear in the stud-
ies. Seventy-two percent reported blinding of participants 
and of involved staff and 61% of outcome assessors. Most 
studies (83.3%) were classified with low risk of bias for the 

Table 2  Risk of bias of included studies

Low low risk of bias, High high risk of bias, Unclear no information or uncertainty over the potential for bias

Study, year Bias domains
Randomization Allocation 

conceal-
ment

Blinding (par-
ticipants and 
personnel)

Blinding 
(outcome 
assessment)

Incomplete 
outcome 
data

Selective reporting

Jakeman and Maxwell, 1993 [38] Unclear Unclear Low Low Low Unclear
Alessio, Goldfarb and Cao, 1997 [42] Unclear Unclear Unclear Unclear Unclear Unclear
Vasankari et al., 1998 [41] Unclear Unclear Low Unclear Low Unclear
Thompson et al., 2001a [20] Unclear Unclear Low Low Low Unclear
Thompson et al., 2001b [43] Unclear Unclear Low Low Low Unclear
Thompson et al., 2004 [44] Unclear Unclear Low Low Low Unclear
Goldfarb et al., 2005 [47] Unclear Unclear Low Low Low Unclear
Bryer and Goldfarb, 2006 [39] Unclear Unclear Unclear Unclear Low Unclear
Close et al., 2006 [36] Unclear Unclear Low Low Low Unclear
Connolly et al., 2006 [46] Unclear Unclear Unclear Unclear Unclear Unclear
Davison and Glesson, 2006 [45] Unclear Unclear Low Unclear Low Unclear
Davison and Glesson, 2007 [19] Unclear Unclear Low Unclear Unclear Unclear
Karandish, Rahiden and Moghaddam, 

2008 [40]
Unclear Unclear Unclear Low Low Unclear

Mizuma et al., 2009 [37] Unclear Unclear Low Low Low Unclear
Bohlooli et al., 2012 [21] Unclear Unclear Low Low Low Unclear
Aguiló et al., 2014 [48] Unclear Unclear Low Low Low Unclear
Poulab et al., 2015 [18] Unclear Unclear Low Low Low Unclear
Yimcharoen et al., 2019 [49] Unclear Unclear Unclear Unclear Low Low
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domain: incomplete outcome data. In summary, the risk of 
bias for each study was considered unclear.

The quality of the evidence for each estimate of the 
effect of the result was evaluated through the GRADE 
system, indicating moderate quality in most analyses. The 
quality assessment is shown in Table 3.

Discussion

To our knowledge, this is the first systematic review to 
exclusively analyze the role of vitamin C on lipid peroxi-
dation, inflammatory markers, muscle soreness, and the 
muscle functionality of healthy volunteers following a sin-
gle bout of exercise. This study shows that vitamin C sup-
plementation decreases lipid peroxidation and the inflam-
matory response (IL-6) immediately (lipid peroxidation) 
and in the interval between 1 and 2 h (lipid peroxidation 
and IL-6) following exercise when compared to placebo, 
although it shows no effects on muscle damage, cortisol 
levels, CRP, or muscle soreness and strength.

Vitamin C supplementation blunted lipid peroxidation 
immediately and in the interval between 1 and 2 h follow-
ing exercise. This can be explained by the neutralizing 
effect of vitamin C on RONS, due to its direct effects, 
eliminating superoxide, and its indirect effects, attenuating 
hydrogen peroxide [50]. Also, vitamin C seems to restore 
α-tocopherol (vitamin E), which is another inhibitor of 
lipid peroxidation [51]. Supplementation with antioxidants 
is performed with the objective of assisting the endog-
enous antioxidant system in protecting the body against 
oxidative stress that occurs during and after high intensity 
physical exercises. In addition, some controversies regard-
ing the vitamin C supplementation are caused by the diver-
sity of dosage and supplements [23]. We explored the role 
of different dosages and have found that supplementation 

with higher doses (> 500 mg) of vitamin C seems to be 
more effective in reducing oxidative stress immediately 
after exercise, since it reduces lipid peroxidation. These 
results are corroborated by previous RCTs [18, 49], Gold-
farb and colleagues compared different doses of vitamin C 
supplementation (500 mg vs. 1000 mg) and demonstrated 
greater protection to protein damage at higher dose [47].

In most of the included studies, the sample consisted only 
of males, which may indicate that the findings are mainly 
applicable to males, as it is highlighted in previous system-
atic review that evaluated the effects of antioxidant supple-
mentation in muscle soreness [24]. However, gender had 
no relation with the effect of supplementation on lipid per-
oxidation immediately after exercise in our meta-regression. 
Likewise, the supplementation period was not related to the 
effect found, demonstrating that vitamin C supplementation 
over a long period of time does not show additional effects 
(Supplemental Fig. 2). This is due to the fact that 40 min 
after its oral ingestion, vitamin C is already bioavailable 
[52] and after 24 h its plasma concentration returns to basal 
levels [29].

The mechanical and metabolic stress, due to the transient 
state of imbalance between the pro and antioxidant systems 
during acute exercise, are responsible for muscle damage 
[53, 54]. Such damage is shown, among other forms, by the 
presence of intramuscular enzymes, mainly CK, in the blood 
plasma [55, 56], which shows the peak of its activity 24 h 
after the exercises [57]. As observed, vitamin C supplemen-
tation had no effect on CK at the evaluated moments, which 
may be justified in partly by the half-life of the antioxidant 
[29].

There is an inflammatory response [56] associated with 
muscle damage, which involves the release of cytokines, 
such as tumor necrosis factor-α (TNFα) and IL-6, in order 
to repair damaged tissue [53]. Vitamin C supplementa-
tion reduced IL-6 levels shortly after exercise, a probable 

Table 3  A summary of GRADE’s approach to rating quality of evidence

h hours, IL-6 interleukin-6, RCT  randomized clinical trial
a Few studies and small sample
b High heterogeneity (over 50%)

Analysis Quality assessment Quality Importance
Number of 
studies

Study design Risk of bias Inconsistency Indirectness Imprecision

Lipid peroxidation
 0 h 12 RCT Not serious Very  seriousb Not serious Seriousa Very low Important
 1 h 5 RCT Not serious Not serious Not serious Seriousa Moderate Important
 1–2 h 6 RCT Not serious Not serious Not serious Seriousa Moderate Important

IL-6
 2 h 3 RCT Not serious Not serious Not serious Seriousa Moderate Important
 1–2 h 6 RCT Not serious Not serious Not serious Seriousa Moderate Important
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reflection of the reduction of oxidative stress parameters 
immediately after exercise, with a consequent delay in the 
signaling of the inflammatory response [7]. Inflammation 
and muscle damage are clinically manifested by muscle 
soreness and decreased muscle function, especially strength 
[7, 10]. This review demonstrates that muscle soreness and 
strength are not altered by vitamin C supplementation in 
healthy adults. However, individuals with low concentra-
tions of vitamin C or hypovitaminosis it seems benefit most 
from supplementation of this antioxidant [58], as vitamin C 
has already been shown to be more effective in increasing 
exercise performance in individuals with low initial concen-
trations of vitamin C [59].

The present meta-analysis reinforces the hypothesis that 
supplementation with antioxidants interferes in exercise-
induced redox signaling [50, 60]. The reduction of lipid per-
oxidation and IL-6, immediately after exercise in the group 
supplemented with vitamin C, demonstrate attenuation of 
the production of reactive species and delayed inflammation 
and, consequently, cell signaling [50]. Based on the results 
found, during sports competitions, vitamin C supplemen-
tation may be adopted by athletes as a strategy to aid in 
the recovery after exercise and, in the case of beginners in 
sports, this supplementation may help in the adaptation and 
continuity of regular physical exercise practice. However, it 
is important not to extrapolate these results to the context 
of exercise/training programs, since the repeated activation 
on signaling by transient increases in reactive species pro-
duction, inflammatory response and muscle damage from 
each exercise session are necessary for muscle adaptation 
and remodeling [17, 61, 62]. Also, antioxidant supplementa-
tion can negatively interfere on muscle remodeling, besides 
showing risks for hypervitaminosis [63].

No included study presented a high risk of bias according 
to the Cochrane risk of bias tool [26], although the method 
used to generate the random sequence and allocation blind-
ing was not clearly reported. Hence, it is suggested that 
further RCTs need to improve the methodological transpar-
ency. The quality of the evidence was evaluated through 
observations on the risk of bias, indirectness, inconsistency 
(heterogeneity), imprecision and publication bias, combined 
by GRADE [30, 31]. As found in previous systematic review 
[24], the quality of evidence ranged from very low to moder-
ate, which indicates the need for further studies so that the 
true effect is estimated.

The present study has some limitations. First, the find-
ings must not be generalized beyond the healthy population 
and are restricted to the effects of supplementation on acute 
exercises. Second, we have found important heterogenei-
ties, that due the small number of studies in each outcome, 
we could not explore. For example, we could not determine 
the effects of different dosage, supplementation time, dif-
ferent exercise modalities (aerobic and anaerobic), and 

populations (athletes, active individuals, and untrained), for 
all outcomes. In the present systematic review, by investigat-
ing the effects of vitamin C supplementation on variables 
related to musculoskeletal functionality, it was only possible 
to evaluate muscle strength, indicating the need of further 
RCTs that evaluate the effects of this supplementation on 
functional variables in this condition.

Conclusion

This systematic review and meta-analyses show that vita-
min C supplementation reduces oxidative stress (lipid per-
oxidation) and the inflammatory response (IL-6) after acute 
physical exercise in healthy volunteers, although with small 
and moderate size effects. However, such intervention does 
not reduce plasmatic levels of CK, CRP, cortisol or muscle 
soreness, nor improve muscle strength. In practice, vitamin 
C supplementation may be considered as an option to favor 
the recovery after exercises and/or intense physical activi-
ties, especially during sports competitions and for beginners 
in physical exercise programs.
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