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Abstract The risk of upper respiratory infections (URIs) is
increased in people who are under heavy physical stress,
including recreational and competitive swimmers. Addi-
tional treatment options are needed, especially in the
younger age group. The aim of this study was to determine
whether 1 g/day vitamin C supplementation affects the rate,
length, or severity of URIs in adolescent swimmers. We
carried out a randomized, double-blind, placebo-controlled

trial during three winter months, among 39 competitive
young swimmers (mean age 13.8±1.6 years) in Jerusalem,
Israel. Vitamin C had no effect on the incidence of URIs
(rate ratio=1.01; 95% confidence interval (CI)=0.70–1.46).
The duration of respiratory infections was 22% shorter in
vitamin C group, but the difference was not statistically
significant. However, we found a significant interaction
between vitamin C effect and sex, so that vitamin C
shortened the duration of infections in male swimmers by
47% (95% CI: −80% to −14%), but had no effect on female
swimmers (difference in duration: +17%; 95% CI: −38% to
+71%). The effect of vitamin C on the severity of URIs was
also different between male and female swimmers, so that
vitamin C was beneficial for males, but not for females. Our
study indicates that vitamin C does not affect the rate of
respiratory infections in competitive swimmers. Neverthe-
less, we found that vitamin C decreased the duration and
severity of respiratory infections in male swimmers, but not
in females. This finding warrants further research.
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Introduction

The risk of upper respiratory infections (URI) is increased in
people who are under heavy physical stress, possibly because
of changes in the immune function caused by heavy exertion
[2]. Both recreational and competitive swimmers have an
increased risk of URIs [3, 24], and therefore swimmers are a
relevant population for studies examining the preventive and
treatment methods against such infections.

In the general population, consisting mainly of sedentary
people, vitamin C has no effect on URI incidence [10].
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However, in five randomized, double-blind trials with
participants under short-term heavy physical stress, vitamin
C at doses of 0.25–1 g/day decreased the incidence of URI
episodes on average by half [5, 10]. These trials examined
marathon runners [16–18], Canadian soldiers in a winter
exercise [23] and Swiss schoolchildren in a 1-week skiing
camp in the Swiss Alps [21, 22]. On the other hand, a
2-month randomized trial with US Marine recruits under
recruit training did not find any reduction in URI incidence
using 2 g/day of vitamin C [19]. It is possible that the effect
of vitamin C on URI incidence is modified by the type of
physical activity, so that it might be beneficial against short-
term but not against long-term physical stress.

Modification of the antioxidant effect by the type of physical
stress can be rationalized by the adaptation of the body to
physical activity. Heavy physical activity causes oxidative
stress in the body and endurance exercise training increases the
activity of antioxidant enzymes such as superoxide dismutase
and glutathione peroxidase [13, 20]. The body may adapt to
regular physical activity by the increase in antioxidant enzyme
levels. However, short-term and sporadic high-intensity
activity might be more sensitive to vitamin C levels, since
the antioxidant enzyme levels do not increase rapidly.

In regular vitamin C supplementation trials, usually
administered every day, findings were a shortening of
URI duration and alleviation of symptoms [10]. In children,
doses of 1–2 g/day had shortened the duration of URI on
average by 17% [7, 10]. No therapeutic vitamin C trials,
meaning that administration starts after the onset of
symptoms, have been carried out in children [7, 10].
During URI episodes, vitamin C levels in leukocytes and
plasma are decreased [4, 12], and this consumption of
vitamin C during infections may be one explanation for the
benefits of therapeutic vitamin C administration.

Although there is evidence indicating that vitamin C
may affect the incidence of URI in some groups of
physically stressed adults and children [4, 5, 16–18, 21,
23], the conditions under which vitamin C supplementation
may be beneficial are not well understood. The purpose of
this trial was to test whether regular vitamin C supplemen-
tation decreases the incidence or alleviates the symptoms of
URI episodes in competitive adolescent swimmers.

Methods

This was a randomized, double-blind, placebo-controlled
trial conducted during the winter months in Jerusalem,
Israel. The trial was approved by the Institutional Review
Board of Clalit Health Services. Eligible participants were
competitive adolescent swimmers from a local team (n=42,
mean age 13.8±1.6 years, range 12–17 years), of both
sexes (24 males, 18 females), with a training volume of at

least 15 h/week. Exclusion criteria were the presence of
chronic health conditions and the use of prescription
medications or dietary supplementations of any kind.

Participants received either vitamin C, 0.5 g twice daily
(1 g/day), or placebo, administered for the three winter months
from December to February. The vitamin (ascorbic acid) and
placebo pills were prepared by a pharmaceutical company
(Teva Pharmaceutical Industries Ltd., Netanya, Israel) and
were identical in appearance. They were pre-packed in plastic
bottles (identical number of vitamin C and placebo bottles)
and, before their distribution to the swimmers, were numbered
by a person unrelated to the study. Study participants were
given a randomly selected plastic bottle, and its number was
listed alongside the participant’s name.

At baseline, following the signing of the informed consent
forms, participants filled a questionnaire on demographic
details and training volume, and were examined by a sports
medicine specialist (NWC) to exclude the presence of any
acute or chronic disease. All swimmers were asked to keep a
daily record on URI symptoms chosen from a checklist, and
training type and volume, throughout the 3-month study
period. A URI event was defined as the appearance of
rhinorrhea, nasal congestion, cough or sore throat, for at least
two consecutive days, and at least three asymptomatic days
after a previous event. Furthermore, the participants were
asked to grade the severity of each symptom, if present, each
day. Perception of symptom severity on each sick day was
self-assessed by a scoring of 1–4, which corresponded with
absent (=1), mild (=2), moderate (=3), and severe (=4). A
cumulative score was calculated by summing the severity
scores of the specific symptoms of eachURI episode. Training
volume was recorded each day during the study period, by
having the participant register the duration of training in the
pool or on land. Weekly meetings were conducted to collect
the diaries and encourage adherence, count missing tablets
and to provide a new bottle. Frequency, duration, and severity
of URI were collected from the diaries.

Statistical methods

The outcome for URI incidence was the sum of the URI
episodes for both intervention groups. The rate ratio and its
95% confidence interval (95% CI) were calculated by using
the Poisson regression (SAS PROC GENMOD).

We used the t test to calculate the estimate of effect and its
95% CI for the duration and severity of vitamin C and
placebo groups (SAS PROC TTEST). The outcomes for the
duration and severity of URI have two problems. First,
several observations are obtained from the same participant,
and thus there is the repeated measurement problem. Up to
seven URI episodes were recorded per participant. If a person
tends to have consistently short or long episodes, recording
several episodes per person leads to misleading accuracy.
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Second, the distribution of the URI duration (and severity) is
asymmetric and skewed to the right. For all 118 URI
episodes, the median duration was 5.5 days, the minimum
was 2 days and the maximum was 35 days (skewness 1.4).
We dealt with these two problems as follows.

By using the linear regression (SAS PROC REG) we
modeled the duration of the third, fourth, fifth, and the sixth
URI episode as a function of all the preceding URI
episodes. The duration of the third URI episode was not
explained by the duration of the first and second URI
episodes (R2=0.05). The duration of the fourth URI episode
was weakly explained by the three preceding episodes (R2=
0.54). However, the duration of the fifth and sixth URI
episodes were strongly explained by the preceding episodes
(R2=0.83 and R2=0.89). Therefore, we included only the
first four URI episodes for our analysis of the URI duration.
This restriction led to the exclusion of 20 URI episodes
(nine participants had five to seven URI episodes).
Similarly, we restricted our analysis of the URI severity to
the first four episodes.

We analyzed the interaction between vitamin C supple-
mentation effect and four subgroup variables by using the
unbalanced analysis of variance (the groups were not
identical in size) (SAS PROC GLM). Because of the
skewness of the URI duration and severity, in the
interaction test we used the log-transformed duration and
severity data. Age (median 15.6 years), duration of
swimming (median 114 h per week) and distance of
swimming (319 km per week) were dichotomized by the
median; and the fourth variable in the subgroup analyses
was sex (male/female).

Because the URI duration and severity data were
skewed, we analyzed the data for the male swimmers also
by using the non-parametric Wilcoxon text (SAS PROC
NPAR1WAY) to calculate the P value for the difference in
the duration and severity of the first four URI episodes in
the intervention groups.

Analyses were carried out by using SAS (release 8.02,
SAS Institute, Cary, NC, USA). Two-tailed P values were
used.

Results

Of the 42 participants initially recruited to the trial, three
dropped out, all from the placebo group. One dropped out
immediately after the study began, and two withdrew from
competitive swimming regardless of the study. They were
not included in the analysis. The baseline data and training
level for the two groups are shown in Table 1.

The incidence of URIs in the placebo group was 12
episodes per person-year, and the mean duration of URI
episodes in the placebo group was 9.0 days. The incidence

of URI episodes was not different between the vitamin C
and placebo groups, but the wide confidence interval is also
consistent with a reduction in URI incidence by 30%
(Table 2).

To minimize the problem of repeated measurement of the
same participants, we restricted the analysis of vitamin C effect
on URI duration and severity to the first four URI episodes of
each participant (see “Methods” section). The duration of URI
was 22% shorter (95% CI: −52% to +8%) in the vitamin C
group, but the confidence interval is consistent with no effect
(Table 3). The severity of URI was lower in the vitamin C
group, but also in this case, the confidence interval is
consistent with no difference from placebo (Table 3).

Sex had a statistically significant interaction with the
vitamin C effect on URI duration and severity (Table 3).
Vitamin C decreased the duration and severity of URI in
male swimmers, but had no effect on female swimmers. In
the male swimmers, URI duration was decreased in the
vitamin C group by 47% (95% CI: −80% to −14%;
Table 3). In female swimmers, the duration of URI was
non-significantly longer in the vitamin C groups (+17%,
95% CI: −38% to +71%; Table 3).

Because of the skewness of the URI duration and
severity data, we also tested the difference between the
male swimmers from both groups by using the Wilcoxon
test. There was a significant difference between the male
intervention groups for the duration (P=0.003) and severity
(P=0.03) of the first four URI episodes.

There was no statistically significant interaction between
the effect of vitamin C on the duration and severity of URI

Table 1 Clinical and training data of athletes in placebo and vitamin
C groups

Placebo Vitamin C

Number of participants (n) 18 21

Age, years 13.9±1.8 13.7±1.5

Males (n) 10 12

Swimming duration, h/week 11±4 11±4

Swimming distance, km/week 34±13 30±12

Fitness training, h/week 2.3±1.9 1.6±1.8

Other traininga, h/week 2.3±2.0 1.7±1.6

Values are n or mean±SD, as appropriate
a e.g., Ball games, cycling, school activities

Table 2 The number of upper respiratory infections by treatment group

Placebo Vitamin C RR (95% CI)

Number of participants 18 21

Number of URI episodes 54 64 1.01 (0.70, 1.46)

RR rate ratio, URI upper respiratory infection
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and age, swimming duration or swimming distance (data
not shown).

Discussion

In this randomized, double-blind, placebo-controlled trial of
1 g/day vitamin C supplementation to adolescent compet-
itive swimmers, we did not find any effect of vitamin C on
the incidence of URI. However, we found a significant
decrease in the duration and severity of URI episodes in
male swimmers, but not in females.

Previous studies have suggested that the incidence of
URIs is increased in physically active populations, includ-
ing swimmers [3, 24]. In our cohort of young competitive
swimmers, the incidence of URI was 12 episodes per
person-year, which is substantially higher than the inci-
dence in the general pediatric population, of three to six
episodes per year in children and adolescents [14, 15].

In this trial, vitamin C supplementation did not decrease the
incidence of URI, although the wide confidence interval does
not rule out a possible effect of up to 30%. Our trial was
motivated by findings in short-term trials, lasting for 1 week at
most, with physically stressed participants in which vitamin C
decreased URI incidence [4, 5, 16–18, 21–23]. On the other
hand, a 2-month trial with US Marine recruits did not find an
effect of vitamin C on URI incidence [19]. It is possible that
2–3 months of regular training leads to an adaptation to
physical stress, for example, through the increase of
antioxidative enzyme levels [13, 20], whereas a short-term
physical stress does not lead to such an adaptation. This
hypothesis is supported by the findings on vitamin E and the
incidence of pneumonia [8, 11]. Vitamin E reduced the risk
of pneumonia by half in male smokers who exercised at
leisure, but had no effect on participants who had physical
stress because of a heavy job. Apparently, heavy jobs may
lead to adaptation to physical stress, whereas sporadic leisure
time exercise does not. This kind of adaptation might also

explain the divergent findings between the effects of vitamin
C on URI incidence in people under short-term physical
stress [4, 5, 16–18, 21–23] as opposed to those carrying out
regular physical activity for at least several months [19].

In our study, the duration of URI episodes was 21%
shorter in the vitamin C group, but the effect was not
statistically significant. However, the effect was divergent
between male and female swimmers so that vitamin C
halved the duration of URI episodes in males, but had no
effect on females. Previous vitamin C trials have shown that
regularly administered vitamin C shortens the duration of
URI episodes that occur while on supplementation. In
children, adding 1–2 g/day vitamin C shortened URI
duration by 17% on average [10], which is close to the
overall estimate for both sexes in this study.

To our knowledge, there are no previous reports indicating
sex difference in the effect of vitamin C on URI duration.
Nevertheless, this is not the first study suggesting that sex may
modify the effect of vitamin C on URI. Previously, sex-
modification of vitamin C effect on URI incidence was found
in trials that had been carried out in the UK [6]. Strongest
evidence of sex-modification was reported in the study by
Baird et al. [1, 9], conducted among British students. In these
British studies, dietary vitamin C intake was low when the
trials were carried out, which may explain the benefit seen.
In addition, there was also evidence of lower vitamin C
levels in males compared with females, which may explain
the sex differences in the supplementation effect [6]. Thus,
our findings and earlier ones indicate that, under some
conditions, the effect of vitamin C supplementation on males
and females may differ.

Our trial used a symptom-based definition of URI.
Therefore, we do not know about the etiology of the
symptoms. It is possible that some of the symptoms were
caused by non-infectious irritation of swimmers' airways.
However, from the practical point of view, this is not a major
concern. If the subjective symptoms of male swimmers can be
substantially reduced, this has a clinical benefit, irrespective

Table 3 The duration and severity of upper respiratory infections by treatment group

Placebo Vitamin C Difference (95% CI) Test of interactionb P

Number of URI episodesa 43 55

Duration of URI episodes (days) (mean±SD) 8.9±7.8 6.9±5.4 −2.0 (−4.6, +0.7)
Males (21+30 episodes) 10.4±7.1 5.5±5.0 −4.9 (−8.4,−1.5) 0.003
Females (22+25 episodes) 7.4±8.2 8.6±5.5 +1.2 (−2.8, +5.3)
Severity of URI episodes (Mean±SD) 59±87 43±45 −16 (−43, +11)
Males (21+30 episodes) 66±85 26±30 −40 (−75,−6) 0.003
Females (22+25 episodes) 52±89 64±51 +12 (−30, +54)

URI upper respiratory infection
a Data for this table is restricted to the first four URI episodes of the participants, see “Methods” section
b The test of interaction was carried out with log transformed duration and severity
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of symptom etiology. Another limitation of our study is
caused by the specific type of exercise—swimming. We do
not know whether the benefit of vitamin C is explained by the
heavy regular training of the swimmers, or by the exposure to
humidity, chlorine compounds, or other environmental sub-
stances. In the former case, the result could be extrapolated to
other elite athletes; in the latter case, the observed effect would
be restricted to swimmers.

Given that our main finding was the reduction in the URI
duration in male adolescent swimmers, it is important to study
the therapeutic effects of vitamin C in young athletes from
other disciplines. If therapeutic vitamin C use—meaning
administration soon after the onset of URI symptoms—is as
effective as regularly administered vitamin C, then the
intervention would be cheaper and less demanding. On the
other hand, the incidence of URI episodes was high in our
male swimmers and the mean duration was 1 week. Thus, the
male swimmers had respiratory symptoms over 25% of the
study time. Therefore, it might also be reasonable to use
regular supplementation, if the effect in male swimmers turns
out to be repeatable.

Conclusion

In this randomized, double-blind, placebo-controlled trial of
1 g/day vitamin C supplementation, we found that vitamin
C halved the duration of URI episodes in male swimmers,
and decreased their severity. No effect on duration or
severity of colds was found in female swimmers, nor on the
incidence of URI in both sexes. These findings suggest an
important therapeutic option for URIs in young athletes,
which warrants further research.
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