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Abstract
Purpose It has been suggested that part of the failure of
antioxidant supplementation to reduce oxidative stress and
promote health is that it has been administered in humans
with normal levels of antioxidants.
Methods To test this hypothesis, we screened 100 males
for vitamin C baseline values in blood. Subsequently, the
10 individuals with the lowest and the 10 with the highest vitamin C values were assigned in two groups. Using
a placebo-controlled crossover design, the 20 selected subjects performed aerobic exercise to exhaustion (oxidant
stimulus) before and after vitamin C supplementation for
30 days.
Results The low vitamin C group had lower VO2max
values than the high vitamin C group. Vitamin C supplementation in this group marginally increased VO2max.
Baseline concentration of F2-isoprostanes and protein carbonyls was higher in the low vitamin C group compared
to the high vitamin C group. Vitamin C supplementation
decreased the baseline concentration of F2-isoprostanes
and protein carbonyls in both groups, yet the decrease
was greater in the low vitamin C group. Before vitamin
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C supplementation, F2-isoprostanes and protein carbonyls
were increased to a greater extent after exercise in the high
vitamin C group compared to the low vitamin C group.
Interestingly, after vitamin C supplementation, this difference was narrowed.
Conclusion We show for the first time that low vitamin
C concentration is linked with decreased physical performance and increased oxidative stress and that vitamin
C supplementation decreases oxidative stress and might
increase exercise performance only in those with low initial
concentration of vitamin C.
Keywords Antioxidants · Exercise · Oxidative stress ·
Physical performance · Supplementation

Introduction
One of the current issues in nutrition and redox biology is
the controversy in the literature regarding the true effectiveness of antioxidants to change redox homeostasis. Indeed,
a number of studies have reported a failure of antioxidant
supplementation to reduce oxidative stress [1] and affect
health and disease (e.g., mortality, cancer, or physical
performance) [2–4]. It has been suggested that part of the
failure of antioxidant supplements to decrease oxidative
stress (herein considered as a decrease in free radical production and/or a decrease in levels of oxidant biomarkers
[5]) and promote health is the fact that antioxidant supplements have been administered in humans with normal levels of oxidative stress biomarkers [6]. In fact, it has been
hypothesized in review papers by eminent researchers that
the beneficial effects of antioxidant supplementation are
restricted in individuals with high baseline levels of oxidative stress and/or low antioxidants [7–15].
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Table 1  Anthropometric,
macronutrient, and vitamin
C intake in the low and high
vitamin C status groups
(mean ± SD). Independent t
tests were performed

¶

  Significant difference
between low and high vitamin
C groups

Age (years)
Height (cm)
Weight (kg)
Energy (kcal/day)
Carbohydrates (% energy)
Fat (% energy)
Proteins (% energy)
Vitamin C (mg)

To experimentally test the validity of the hypothesis that
initial concentration of antioxidants is a determining factor implicated in the effectiveness of supplementation, we
screened one hundred males for vitamin C baseline values in
blood. Subsequently, the 10 individuals with the lowest and
the 10 with the highest vitamin C values were assigned in two
groups. Both groups performed aerobic exercise to exhaustion (an oxidant stimulus) before and after vitamin C supplementation. Based on this experimental design, we aimed to
examine whether baseline values of vitamin C determine the
efficacy of antioxidant supplementation in reducing oxidative
stress and thus promoting physical performance.

Materials and methods
Participants
One hundred, recreationally trained healthy males
expressed interest to voluntarily participate in the study.
Blood collection was performed between 08:00 and 9:00 h,
following 12-h overnight fast. For the measurement of vitamin C, a blood sample was drawn from a forearm vein,
collected in EDTA tubes and centrifuged immediately at
1,370 g for 10 min at 4 °C, and the plasma was collected.
Plasma samples were stored at −80 °C and thawed only
once before analysis. Vitamin C concentration was assessed
spectrophotometrically in plasma after derivatization with
2,4-dinitrophenylhydrazine [16]. EDTA tubes and metaphosphoric acid were used in order to minimize ex vivo
oxidation of vitamin C [17, 18]. Moreover, the reactions
run in the presence of thiourea to provide a mildly reducing medium, which helps to prevent interference from nonascorbic acid chromogens [16].
Three out of the 100 individuals were excluded from the
study because they found to suffer from hypovitaminosis
(i.e., vitamin C concentration below 23 μmol/L [19]). This
was done in order to ensure that we would not include individuals with subclinical symptoms of hypovitaminosis C
and/or vitamin C deficiency. Furthermore, since our study
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Low vitamin C (n = 10)

High vitamin C (n = 10)

Placebo

Vitamin C

Placebo

Vitamin C

77.3 ± 6.0
2,465 ± 157
49.2 ± 9.8
35.8 ± 8.2
15.0 ± 8.0

21.8 ± 2.1
174.6 ± 4.7
79.1 ± 6.8
2,512 ± 140
50.6 ± 11.5
32.1 ± 7.9
17.3 ± 7.6

78.8 ± 6.4
2,557 ± 172
52.7 ± 12.1
33.4 ± 8.2
13.9 ± 6.7

21.7 ± 2.5
175.6 ± 4.8
76.3 ± 5.1
2,567 ± 198
45.4 ± 12.6
38.2 ± 9.5
16.4 ± 8.2
31 ± 11

35 ± 8

167 ± 25¶

164 ± 17¶

is focused on redox responses to exercise, we wanted to
locate individuals who might have disturbed redox homeostasis directly due to low vitamin C values and not due to a
possible health complication linked to hypovitaminosis C.
Then, of the 97 participants with normal vitamin C values,
the 10 with the lowest values (35 ± 8 μmol/L) and the 10
with the highest values (78 ± 11 μmol/L) were assigned
to either the low or the high vitamin C group, respectively
(Table 1). It is worth mentioning that two participants
within the 10 with the lowest vitamin C values and one
participant within the 10 with the highest vitamin C values declined to continue in the study and were replaced
by the next ranked individuals. Measurements of vitamin
C concentration for the participants of both groups were
performed before and after supplementation as well as preand immediately post-exercise. None of the subjects had
any muscle disease or a history of musculoskeletal injury
of the lower limbs that could limit their ability to perform
the exercise sessions. Volunteers were instructed to abstain
from any strenuous exercise during their participation in
the study (except of the exercise sessions performed during the experimental procedures). They were also asked
to abstain from alcohol consumption for 2 days before the
blood sampling and caffeine the day of the testing. Subjects
did not receive medication/nutrient supplements known
to influence the variables measured during their participation in the study. Volunteers were provided with a written
set of instructions for monitoring dietary consumption and
a record sheet for recording food intake the 2 days before
each exercise session. An informed written consent was
obtained for all participants, after they were informed of all
risks, discomforts, and benefits involved in the study. The
procedures were in accordance with the Helsinki declaration of 1975, as revised in 2000, and approval was received
from the Ethics Committee of the local university.
Study design
An overview of the study design is shown in Fig. 1. All
measurements were performed between 08:00 and 11:00 h
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Fig. 1  Placebo-controlled crossover design of the study

after overnight fasting. Initially, to examine whether resting blood vitamin C concentration affects aerobic performance, VO2max was assessed (using incremental cycling
test to volitional exhaustion) and was compared in both the
low and the high vitamin C groups (Monark, Vansbro, Sweden). More specifically, the protocol started with a 50 W
load at 50 rpm and increased by 10 W every 2 min until
volitional fatigue. The test was terminated when three of
the following four criteria VO2max were met: (1) volitional
fatigue, (2) a lower than 2 mL/kg/min increase in VO2
despite an increase in workload, (3) a respiratory exchange
ratio greater than or equal to 1.10, and (4) heart rate within
10 bpm of the predicted maximal heart rate (220–age). Respiratory gas variables were measured using a metabolic cart
(Quark b2, Cosmed, Italy), which was calibrated before
each test using standard gases of known concentration. The
VO2max assessment was used as a reference value to calculate the workload at the relative intensity of each subject
and ensured that all subjects would cycle at similar relative
intensity during the following aerobic exercise sessions.
Following VO2max assessment, subjects within both
the low and the high vitamin C groups received either placebo or vitamin C supplementation, in a double-blind randomized crossover fashion (Fig. 1). To test whether vitamin
C supplementation decreases exercise-induced oxidative
stress, subjects in both the low and the high vitamin C
groups performed an acute exhaustive exercise protocol (an
oxidant stimulus), before and after vitamin C or placebo
supplementation for 30 days. Pre- and immediately postexercise selected redox biomarkers were measured before
and after the 30-day placebo or vitamin C supplementation. In addition, to test whether vitamin C supplementation

improves aerobic performance, a second VO2max test
was performed after the 30-day supplementation regimen
and was compared with the initial VO2max test performed
before supplementation. This intervention scheme was
repeated after a 60-day washout period using a placebocontrolled crossover design.
The acute exhaustive exercise session took place 2 days
after the VO2max test and was performed on the same
cycle ergometer at an intensity corresponding to 70–75 %
of the subject’s VO2max for 45 min at 50 rpm. Following
the 45 min cycling, the intensity of the cycle ergometer was
increased to elicit 95 % VO2max, and exercise was terminated at exhaustion. Fatigue was defined as an inability of
the subject to maintain the required rpm or when the subject stopped voluntarily. Expired gas samples were obtained
every 10 min to ensure the prescribed exercise intensity.
The placebo group daily received orally three lactose tablets, and the antioxidant group received orally three vitamin
C tablets (each tablet contained 333 mg of vitamin C; Lamberts Health Care Ltd, Kent, United Kingdom). All participants were instructed to receive the capsules every 8 h in
order to achieve high concentration of vitamin C throughout the 24 h [20]. Each individual received the capsules
pre-packed in daily doses labeled with the day of consumption. Blood samples were drawn pre- and post-exercise of
each session for the collection of plasma and erythrocytes,
while urine was collected on the spot at the same time
points. Individuals were asked to follow and record their
diet for 3 days before each exercise session. Each volunteer
was provided with a written set of instructions for monitoring dietary consumption and a record sheet for recording
food intake.
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Collection and handling of body fluids

Statistical analysis

Blood sample was drawn from a forearm vein, collected
in EDTA tubes and centrifuged immediately at 1,370 g for
10 min at 4 °C, and the plasma was collected. The packed
erythrocytes were lysed with 1:1 (v/v) distilled water,
inverted vigorously, and centrifuged at 4,000 g for 15 min
at 4 °C. Urine spot samples were collected in a container.
For standardizing the dilution of urine, creatinine levels
were measured using a kit (Fisher Diagnostics, Middletown, USA). Body fluid samples were stored at −80 °C and
thawed only once before analysis.

The distribution of all dependent variables was examined
by Shapiro–Wilk test and was found not to differ significantly from normality. Independent t tests were carried
out for comparing the anthropometric, performance, and
nutritional characteristics between the low and the high
vitamin C concentration groups. Two-way ANOVA [group
(high and low vitamin C) × time (pre- and post-exercise)]
followed by simple main effect analysis was used for
VO2max. Three-way ANOVA [group (high and low vitamin C) × supplementation (placebo and vitamin C) × time
(pre- and post-exercise)] with repeated measurements on
“time” followed by simple main effect analysis was used
for redox biomarkers. The α-level was set at 0.05. Data are
presented as mean ± SD. SPSS version 20 was used for all
analyses (SPSS Inc, Chicago, IL).

Assays
A competitive immunoassay was used for the quantitation
of F2-isoprostanes in urine (Cayman Chemical, Charlotte,
USA). Urine was purified using the solid phase extraction
cartridges. The purification and the subsequent ELISA were
performed following the manufacturer’s recommendations.
Protein carbonyls were determined adding 50 μL of
20 % TCA to 50 μL of plasma (diluted 1:10). This mixture
was incubated in an ice bath for 15 min and centrifuged at
15,000 g for 5 min at 4 °C. The supernatant was discarded,
and 500 μL of 10 mM 2,4-dinitrophenylhydrazine (in
2.5 N HCl) for the sample or 500 μL of 2.5 N HCL for
the blank was added in the pellet. The samples were incubated in the dark at room temperature for 1 h, with intermittent vortexing every 15 min, and were centrifuged at
15,000 g for 5 min at 4 °C. The supernatant was discarded,
and 1 mL of 10 % TCA was added, vortexed, and centrifuged at 15,000 g for 5 min at 4 °C. The supernatant was
discarded, and 1 mL of ethanol–ethyl acetate (1:1 v/v) was
added, vortexed, and centrifuged at 15,000 g for 5 min at
4 °C. This washing step was repeated twice. The supernatant was discarded, and 1 mL of 5 M urea (pH 2.3) was
added, vortexed, and incubated at 37 °C for 15 min. The
samples were centrifuged at 15,000 g for 3 min at 4 °C, and
the absorbance was read at 375 nm. Calculation of protein
carbonyl concentration was based on the molar extinction coefficient of dinitrophenylhydrazine. The intra-assay
coefficient of variation for proteins carbonyls measured in
plasma was 5.4 %.
Erythrocyte glutathione (GSH) activity was determined spectrophotometrically, adding 20 μL of erythrocyte lysate treated with 5 % TCA mixed with 660 μL of
67 mM sodium potassium phosphate (pH 8.0) and 330 μL
of 1 mM 5,5′- dithiobis-2 nitrobenzoate. The samples were
incubated in the dark at room temperature for 45 min, and
the absorbance was read at 412 nm. GSH concentration was
calculated on the basis of calibration curves constructed
using commercial standards. The intra-assay coefficient of
variation for GSH was 4.2 %.
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Results
There were no significant differences in anthropometric
characteristics and macronutrient intake between the subjects of the low and the high vitamin C group. Vitamin C
intake was lower in the low vitamin C group compared
with the high vitamin C group (Table 1). The low vitamin
C group had lower VO2max values than the high vitamin
C group. Vitamin C supplementation in this group marginally non-significantly increased VO2max (p = 0.079)
(Fig. 2). However, vitamin C supplementation did not
affect VO2max in the high vitamin C group. As expected,
vitamin C concentration was higher at all-time points in the
high compared to the low vitamin C group. Vitamin C supplementation increased vitamin C values in both groups,
while the increase was greater in the low vitamin C group
(Table 2). Exercise did not affect vitamin C concentration
in both groups neither at baseline nor after placebo/vitamin
C supplementation (Table 2).
Baseline concentration of F2-isoprostanes and protein
carbonyls was higher in the low vitamin C group compared with the high vitamin C group (Table 2). Vitamin C
supplementation decreased the baseline concentration of
F2-isoprostanes and protein carbonyls in both the low and
high vitamin C groups, yet the decrease was greater in the
low vitamin C group. Before vitamin C supplementation,
F2-isoprostanes and protein carbonyls increased to a greater
extent following exercise in the high vitamin C group
compared to the low vitamin C group. Interestingly, after
vitamin C supplementation, this difference was narrowed
(and was not significant), yet the percent increase in F2-isoprostanes and protein carbonyls was still greater in the
high vitamin C group after exercise (Table 2; Fig. 3a, b).
Overall, after supplementation, the post-exercise increase
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Fig. 2  Effect of placebo vs vitamin C supplementation on exercise
performance pre- and post-exercise in the low (open circles) and the
high (closed circles) vitamin C status groups (n = 10 for each group).
A two-way ANOVA (group × time) followed by simple main effect
analysis was performed. ¶ Indicates significant difference at the same
time point between the two groups

in F2-isoprostanes and protein carbonyls was greater compared to the respective post-exercise increase prior to supplementation in both the low and high vitamin C groups.
Baseline concentration of GSH was not different between
the low and the high vitamin C groups (Table 2). Exercise decreased GSH values in both low and high vitamin
C groups irrespectively of the supplementation (Table 2;
Fig. 3c). It is worth mentioning that part of the data from
Table 2 is also presented in Fig. 3 in order to illustrate the
dependence of exercise-induced oxidative stress on initial
vitamin C values.

Discussion
To our knowledge, this is the first study that assessed redox
responses and physical performance to vitamin C supplementation between humans with low and high baseline
vitamin C concentration. We found higher resting levels
of oxidative stress and decreased exercise performance
in the individuals with low baseline values of vitamin C
compared to those with high vitamin C values. Vitamin C
supplementation decreased oxidative stress and marginally non-significantly improved exercise performance only
in individuals with poor initial vitamin C status. We also
observed that the initial values of redox biomarkers are
important predictors of the responses to exercise. Indeed,
we noticed that individuals with low baseline values of
vitamin C (and consequently higher levels of oxidant biomarkers) were more resistant to redox alterations and

oxidative stress when exposed to an oxidant stimulus (i.e.,
exercise) compared to subjects with high baseline values of
vitamin C. A novel finding of this study (derived from the
methodological choice of excluding individuals with vitamin C values below 23 μM) is that you do not need to suffer from hypovitaminosis C or vitamin C deficiency to be
benefit from vitamin C supplementation as regards to redox
status and physical performance.
At rest before supplementation, we found higher concentration of F2-isoprostanes and protein carbonyls in individuals with poor vitamin C status (below 41 μmol/L) compared to individuals with high concentration of vitamin C
(above 71 μmol/L). Vitamin C supplementation decreased
the levels of oxidative stress biomarkers at rest essentially
only in individuals with low initial concentration of vitamin C, whereas only few and minimal effects appeared in
individuals with initially high vitamin C concentration.
Similarly, individuals with low concentration of vitamin C
had lower aerobic capacity than individuals with high concentration of vitamin C. More importantly, only the low
vitamin C group showed signs of improvement in exercise
performance after antioxidant supplementation. This agreement between biochemical and physiological data suggests that normal vitamin C concentration is required for
a “healthy” redox status and proper organismal function.
Considering that the vitamin C values of participants were
experimentally manipulated at study entry allows us to
infer a cause–effect relationship among vitamin C concentration, oxidative stress, and performance. Noteworthy, the
differences observed between the group with the high and
the low vitamin C levels would have probably been even
more pronounced if we had included the three participants
detected with hypovitaminosis C.
In the present investigation, 1 month of vitamin C supplementation was sufficient to almost restore the baseline
vitamin C concentration, redox status, and potentially exercise performance in the low vitamin C group. A striking
disagreement exists among studies regarding the influence
of vitamin C supplementation on redox status and physical performance. Indeed, several studies have reported that
vitamin C supplementation attenuates oxidative stress [21,
22], others have reported that it induces a pro-oxidant
effect [23, 24] and others have reported that it does not
affect redox status [25, 26]. Likewise, several studies have
indicated that vitamin C supplementation induces a positive
effect [27], a negative effect [28, 29], or no effect [26, 30]
on exercise performance. Certainly, there are many possible reasons for this divergence regarding the effects of vitamin C supplementation on redox status and exercise performance: (1) dose of vitamin C administered, (2) animal
species used, (3) training models applied, (4) training status of the participants, (5) training endpoints measured, (6)
oxidative stress biomarkers determined, and (7) biological
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690 ± 176

Low vitamin C

0.62 ± 0.16

Low vitamin C

3.20 ± 0.31

Low vitamin C

3.48 ± 0.55

2.66 ± 0.55*

2.64 ± 0.35*

0.88 ± 0.10*

0.80 ± 0.15*

744 ± 135*

777 ± 163*

79.5 ± 5.5

34.5 ± 3.5¶

3.17 ± 0.18

3.37 ± 0.30

0.52 ± 0.14

0.68 ± 0.13¶

602 ± 142

742 ± 178¶

76.9 ± 4.3

35.8 ± 5.7¶

2.70 ± 0.37*

2.56 ± 0.30*

0.85 ± 0.17*

0.79 ± 0.12*

730 ± 123*

806 ± 185*

78.3 ± 3.8

35.4 ± 6.0¶

3.51 ± 0.47

3.28 ± 0.24

0.46 ± 0.12

0.66 ± 0.18¶

573 ± 119

714 ± 135¶

80.9 ± 3.5

33.3 ± 4.3¶

2.55 ± 0.37*

2.74 ± 0.28*

0.72 ± 0.16*

0.82 ± 0.17*

759 ± 175*

773 ± 143*

83.4 ± 4.4

35.5 ± 4.2¶
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3.42 ± 0.44

3.14 ± 0.31

0.41 ± 0.12#

0.51 ± 0.16¶#

513 ± 124#

587 ± 107#

89.9 ± 9.5

#

49.4 ± 8.6¶#
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2nd exercise bout

2.67 ± 0.27*

2.53 ± 0.28*

0.78 ± 0.15*

0.84 ± 0.13*

769 ± 065*

792 ± 131*

92.0 ± 8.5#

51.5 ± 8.0¶#

Post

G

<.001

<.001

<.001

0.185

0.014

0.025

0.044 <.001

T

0.918

0.075

0.308

<.001

S

0.165

<.001

0.003

0.006

T×G

Main effects and interactions

0.558

0.226

<.001

0.481

T×S

0.684

0.198

0.845

0.156

G×S

<.069

0.005

0.256

<.001

T × G×S

Significant difference between low and high vitamin C groups at the same time point

*Significant difference from the pre-exercise value in the same group and in the same exercise bout

Significant difference between the first and the second exercise bout in the same group

#

¶

T: Main effect of time; G: Main effect of group; S: Main effect of supplementation; T × G: 2-way interaction for time and group; T × S: 2-way interaction for time and supplementation; G × S:
2-way interaction for group and supplementation; T × G×S: 3-way interaction for time, group and supplementation; and NM: not measured

A three-way ANOVA (group × supplementation × time) followed by simple main effect analysis was performed

High vitamin C

Glutathione (μmol/g Hb)

0.54 ± 0.12

High vitamin C

Carbonyls (nmol/mg pr.)

640 ± 134

High vitamin C

F2-Isoprostanes (pg/mg cr.)

78.5 ± 4.5

33.9 ± 4.3¶

High vitamin C

Low vitamin C

Vitamin C (μmol/L)

Pre

Pre

Pre

Post

1st exercise bout

2nd exercise bout

1st exercise bout

Post

Vitamin C supplementation

Placebo supplementation

Table 2  Effect of placebo vs vitamin C supplementation on redox biomarkers pre- and post-exercise in low and high vitamin C status groups (n = 10 for each group) (mean ± SD)
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A
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35%
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¶

50%
33%

400
200
0

Protein carbonyls (nmol/mg pr.)

B

Glutathione (μmol/g Hb)

C

1.2
1.0

65%

24%

0.8
0.6

¶

88%

58%
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5
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3
2
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- 22%
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- 20%
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30 d vitamin C
Pre
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Fig. 3  Effect of exercise on F2-isoprostanes (a), protein carbonyls (b) and glutathione (c) values in the low (open circles) and high
(closed circles) vitamin C status groups (n = 10 for each group). The
post-exercise percent changes before and after vitamin C supplementation are depicted. A two-way ANOVA (group × time) followed by
simple main effect analysis was performed. All the post-exercise values were significantly different from the pre-exercise values. ¶ Indicates significant difference at the same time point between the two
groups

matrices in which the biomarkers were determined. However, based on the present data, we believe that probably
the most important reason for this disagreement in the literature may be the indiscriminate use of participants. We
suggest future studies to employ individuals with either
decreased levels of antioxidants and/or increased levels of
oxidant biomarkers.
Our group has recently reported that the initial values
of redox biomarkers are important predictors of exercise
responses, that is, individuals with lower initial values
in the oxidant biomarkers tended to exhibit greater percent increases in the biomarkers after exercise and vice
versa [31]. Our previous observation was verified in the

present study where participants in the high vitamin C
group (exhibiting lower initial values of lipid and protein
oxidation) showed greater increases in F2-isoprostanes
and protein carbonyls after the oxidant stimulus (i.e., exercise). Moreover, the experimental design used in this study
allowed us to investigate whether the initial values also
affected the response to an antioxidant stimulus (i.e., vitamin C supplementation). We found that the initial values
of oxidant biomarker are also important determinants of
their response to vitamin C supplementation in the opposite
direction though. Specifically, we found that the participants in the low vitamin C group (exhibiting higher initial
values of lipid and protein oxidation) showed the greater
decreases in F2-isoprostanes and protein carbonyls after
the antioxidant stimulus (i.e., vitamin C supplementation).
What is probably more interesting is that after the antioxidant supplementation both groups responded with a higher
degree of exercise-induced oxidative stress than before the
supplementation. Using the current interpretative framework, most researchers would conclude that vitamin C supplementation exerted a “pro-oxidant effect” considering
that “exacerbated” the exercise-induced oxidative stress.
However, based on our findings, this greater oxidative
stress response after exercise more likely indicates that the
antioxidant stimulus was effective to sufficiently decrease
the oxidant biomarkers values to such an extent allowing
greater increases in biomarkers after exercise. This “Janus
face” effect of antioxidant supplementation in resting and
exercise-induced oxidative stress signifies the limitations of
the current framework used to interpret alterations in redox
homeostasis. We suggest that researchers should be careful when finding a greater response to an oxidant stimulus
(such as exercise) after a period of antioxidant supplementation, since this finding may more probably indicate an
”antioxidant” effect and not a “pro-oxidant effect” of the
antioxidant supplement.
Given the conventional wisdom that free radicals are
harmful, many athletes supplement their diet with vitamin
C and other antioxidants to “protect” against the “negative” consequences of exercise [9]. In contrast, the current
scientific wisdom supports negative or no effect of vitamin
C and/or antioxidant supplementation on exercise performance [26, 28, 32–35]. Our data somehow reconcile these
two conflicting truths by revealing a group of individuals
not benefited (those with sufficient vitamin C) and another
group of individuals benefited (those with poor vitamin C)
by exactly the same type and dosage of antioxidant supplementation. This finding suggests that future studies
should consider enrolling individuals with low vitamin C
concentration and/or hypovitaminosis in order to increase
the possibility of finding an effect after antioxidant administration. In conclusion, our data show that low vitamin C
values are linked with decreased physical performance and
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increased oxidative stress and that vitamin C supplementation decreases oxidative stress and might increase exercise
performance only in those with low initial concentration of
vitamin C. Therefore, the popular habit of consuming antioxidants during exercise training seems worthwhile only
for those who are deficient in vitamin C.
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