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ABSTRACT

HEMILÄ, H., J. VIRTAMO, D. ALBANES, and J. KAPRIO. Physical Activity and the Common Cold in Men Administered Vitamin
E and �-Carotene. Med. Sci. Sports Exerc., Vol. 35, No. 11, pp. 1815–1820, 2003. Background and Purpose: It has been proposed
that moderate regular aerobic training may enhance immunocompetence, whereas excessive training may cause immunosuppression.
We evaluated whether physical activity at work, or at leisure, is associated with the risk of the common cold, and whether the
antioxidants vitamin E and �-carotene affect common cold risk in physically active people. Methods: A cohort of 14,401 men aged
50–69 yr and working at study entry was drawn from the Alpha-Tocopherol, Beta-Carotene Cancer Prevention (ATBC) Study, which
examined the effect of vitamin E, 50 mg·d�1, and �-carotene, 20 mg·d�1, on lung cancer in smokers using a 2 � 2 factorial design.
The trial was conducted in southwestern Finland in 1985–1993; the intervention lasted for 6.1 yr (median). Physical activity at work,
and the type and frequency of leisure-time exercise were recorded at study entry. The subjects were questioned about common cold
episodes 3� yr�1. We modeled the cumulative incidence of colds during a 2-yr follow-up period with Poisson regression, adjusting
for potential confounders. Results: Physical activity at work and at leisure had no association with common cold risk. In subjects with
physically load-bearing jobs, neither vitamin E nor �-carotene affected significantly the risk of common cold. In subjects carrying out
heavy exercise at leisure, vitamin E and �-carotene increased the risk of colds when compared with placebo. Conclusions: Contrary
to previous suggestions, moderate physical activity is not associated with lower risk of common cold in middle-aged male smokers.
It has been previously proposed that antioxidant supplementation might be beneficial for subjects carrying out heavy exercise, but in
our study vitamin E and �-carotene increased the risk of colds in subjects carrying out heavy exercise at leisure. Key Words:
ALPHA-TOCOPHEROL, ASCORBIC ACID, BETA-CAROTENE, EXERCISE, OXIDATIVE STRESS, SMOKING, UPPER RE-
SPIRATORY INFECTIONS

Anumber of studies have indicated that heavy phys-
ical activity may increase the incidence of symp-
toms commonly associated with upper respiratory

infections (URI) (2,17,24). Higher incidence of URI was
found within 1–2 wk after a marathon competition when
compared to nonrunning controls (20,24,25), but shorter
running competitions did not increase subsequent URI in-
cidence (19). Comparisons of marathon runs and shorter
running competitions found higher URI incidence after the
marathon in one study (3) but not in another (15). Heavy
regular exercise has also increased URI incidence in some

studies. In 1-yr follow-up studies, elite orienteers (14) and
cross-country skiers (8) had a higher URI incidence com-
pared with controls. Adult subjects who were more active
runners had a higher URI incidence compared with less
active runners (7). Two studies with swimmers found no
difference in URI incidence compared with controls, but the
studies were small (4,26). A 1-yr prospective study with
children practicing swimming, ice hockey, or gymnastics
found no difference in URI incidence compared with con-
trols (22). Consequently, several studies have indicated that
short-term heavy exertion such as a marathon run and heavy
regular exercise may increase the incidence of URI type of
symptoms, yet the findings are not consistent.

In people not participating in top-level sports, there are
few data on the relation of physical activity and the risk of
URI. A number of studies have reported various effects,
presumed to be beneficial against infections, on the immune
system by moderate exercise (2,12,17,24). These findings
combined with the increased URI risk by heavy exertion
have led to the hypothesis that the relation between physical
activity and the risk of infections may follow a “J”-shaped
curve (17). According to this hypothesis, moderate exercise
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would reduce the risk of URI, but heavy exercise would
increase the risk of URI, when compared with sedentary
lifestyle. However, no large prospective studies with a clin-
ical URI endpoint have tested this “J”-shape hypothesis. A
retrospective study with 199 young Dutch adults found no
meaningful association between habitual physical activity
and URI incidence (28), and two randomized 3- to 4-month
trials (18,21) found no statistically significant benefit on
URI incidence from moderate exercise, but the latter studies
were small (i.e., �36 subjects) and lacked statistical power
to detect moderate effects.

There is much evidence from human and animal studies
indicating that strenuous physical exercise may cause ex-
cessive production of free radicals, which may overwhelm
the antioxidant defenses (23,29). Antioxidants, in particular
vitamin E, have reduced the exercise-induced changes in the
markers of oxidative stress (1,6,23,29). Antioxidants vita-
min E, �-carotene, and vitamin C have also affected a wide
range of immunological parameters in different experimen-
tal settings (10,13,16). With the evidence indicating that
heavy exercise increases oxidative stress, it is tempting to
speculate that this contributes to the risk of infection that
could be prevented by antioxidants.

The purpose of the present study was to determine
whether physical activity at work or at leisure is associated
with the incidence of common cold episodes in middle-aged
males, and whether long-term vitamin E or �-carotene sup-
plementation affects the incidence of colds in physically
active people.

METHODS

Subjects. The design and methods of the Alpha-Toco-
pherol Beta-Carotene Cancer Prevention (ATBC) Study ex-
amining the effects of vitamin E (�-tocopherol, AT, 50
mg·d�1) and �-carotene (BC, 20 mg·d�1) on the incidence
of lung cancer and other cancers have been described in
detail elsewhere (30). In brief, the trial participants were
recruited in 1985–1988 from the total male population aged
50–69 yr living in southwestern Finland (N � 290,406). To
be eligible, participants had to smoke �5 cigarettes per day
at entry, and potential participants were excluded if they had
severe medical problems or if they used supplemental vita-
min E, vitamin A, or �-carotene in excess of predefined
doses. Those enrolled (N � 29,133) were randomized to one
of four intervention groups and administered placebo, AT,
BC, or AT�BC. The intervention continued for 5–8 yr
(median 6.1 yr) until April 1993 and involved three annual
follow-up visits to the local study center. The trial was
approved by the review boards of the participating institu-
tions, and all participants gave written informed consent at
study entry. Compliance in the study was high: some 80%
of participants took more than 95% of their prescribed
capsules during their active participation in the trial; there
were no differences in capsule consumption among the
intervention groups (30).

For the present analysis, we excluded participants not
gainfully employed at study entry (N � 12,321) because this

is a heterogeneous group comprised of age- and health-
related retirees, and others unemployed for various reasons
for which data were not available. We also excluded par-
ticipants with missing data on physical activity at work (N
� 8), resulting in 16,804 participants working at study
entry. The outcome (see below) could not be assessed for
participants who did not participate at the 2-yr follow-up
visit (N � 2,403) and they were excluded, thus leaving
14,401 participants for the present cohort analysis.

Baseline characteristics. At baseline before random-
ization, the men completed questionnaires on medical and
smoking histories and general background characteristics. A
detailed dietary history questionnaire was completed that
provided data regarding daily alcohol and coffee consump-
tion (11,30). Dietary data were incomplete and thus not
available for 763 subjects of the 14,401.

The baseline questionnaire on physical activity at work
and at leisure was a modification of that used originally in
the Gothenburg study focusing on cardiovascular diseases
(27). The questionnaire asked about physical activity at
work during the previous 12 months with the following
alternatives and examples being given: 1) very light job:
mostly sitting and not walking much, such as work in office
at a desk, clocksmith, or radio technician; 2) light job:
walking a modest amount but not carrying heavy objects,
such as office work that needs walking, foreman, salesman,
or light factory work; 3) moderate job: walking a lot and
carrying or lifting objects or walking up stairs or uphill, such
as carpenter, caretaker of livestock, or moderate factory
work; and 4) heavy job: heavy physical work that needs
substantial amount of lifting or carrying heavy objects,
digging or shoveling, or chopping wood, such as forestry,
heavy farm work, heavy construction, and factory work.

The intensity of average physical activity during leisure
time during the previous 12 months was asked with the
following alternatives: 1) light: reading, watching TV, lis-
tening radio, or going to movies, mostly activities that are
not physically loading; 2) moderate: walking, fishing, hunt-
ing, or gardening quite regularly; 3) heavy: actual physical
exercises, such as jogging, skiing, swimming, gymnastics,
court, and field sports quite regularly.

The average frequency of leisure-time physical activity
causing at least modest sweating or shortness of breath
during the previous 12 months was asked with the following
alternatives: 1) less than once a week, 2) 1–2� wk�1, or 3)
3� wk�1 or more.

Outcome and follow-up time. At each 4-monthly
follow-up visit, the participants were asked about their
health status, including the question “Have you had a com-
mon cold since the previous visit, and if so, how many
times?” Questions on the occurrence of “other upper respi-
ratory tract infection” and “acute bronchitis” were also
asked.

Because the kind of job and physical activity at leisure
time can change with time, in particular among subjects
aged 50–69 yr, we limited the follow-up time to 2 yr. We
calculated the total number of common cold episodes per
person (cumulative incidence) during the first 2 yr of the

1816 Official Journal of the American College of Sports Medicine http://www.acsm-msse.org



trial as the outcome. There were a total of 27,570 common
cold episodes during the 2-yr follow-up in the 14,401 sub-
jects who participated at the 2-yr follow-up visit.

Statistical methods. We limited the analysis of the
association between physical activity at work and leisure-
time physical activity with the cumulative common cold
incidence to the placebo arm of the trial. We modeled these
associations using Poisson regression, including relevant
baseline characteristics. Age was included as a continuous
variable, cigarette smoking, alcohol and coffee consump-
tion, and education were categorized as in Table 1; these
variables were associated with the risk of colds in a previous
analysis of the ATBC study cohort (11). We calculated the
adjusted rate ratio as an estimator of relative risk (RR) and
the likelihood ratio-based 95% confidence interval (95% CI)
using the SAS PROC GENMOD program (release 8.1, SAS
Institute, Inc., Cary, NC).

We also used the Poisson regression model to examine
the effects of vitamin E and �-carotene supplementation on
the cumulative common cold incidence within the group of
14,401 participants. The supplementation assignments were
based on a 2 � 2 factorial design. In subjects with heavy
jobs, vitamin E and �-carotene had a statistically significant
interaction, and therefore the treatment effects on common
cold in these men are shown in the four supplementation
groups. As to supplementation, we carried out the analyses

following the intention-to-treat principle. Two-tailed P val-
ues are used in the text.

RESULTS

The basic characteristics of the participants are shown in
Table 1. Forty percent of the participants had moderate or
heavy jobs, and 60% took heavy or moderate exercise at
leisure time. There was no correlation between the intensity
of physical activity at leisure and the intensity of physical
activity at work (r � �0.04). In contrast, the Spearman
correlation between the intensity of leisure-time physical
activity and the frequency of leisure-time physical activity
was rather high (r � 0.45). On average the participants had
0.96 common cold episodes per year during the follow-up.
No colds during the 2-yr follow-up were reported by 28% of
participants, and three or more colds were reported by 29%
of participants.

We restricted the examination of the relationship between
physical activity on job and the risk of colds to the placebo
arm of the trial. Physical activity at work was not signifi-
cantly associated with the incidence of the common cold
(Table 2). Though there was a slight trend toward reduced
risk of common cold with increasing physical activity the
utmost difference—between the heavy and very light job—
was, however, only 7%.

To explore the effect of leisure-time physical activity on
the incidence of common cold, we divided the placebo
subjects into nine groups on the basis of their average
intensity of leisure-time physical activity, and the frequency
of leisure-time exercise leading to sweating or shortness of
breath (Table 3). We used participants with light leisure-
time physical activity and infrequent activities leading to
sweating or shortness of breath (�1 per week) as the ref-
erence group (“sedentary subjects”). The risk of the com-
mon cold among participants with heavier and/or more
frequent physical activity did not consistently differ from
that among sedentary subjects. Participants with heavy ex-
ercises 1 to 2� wk�1 had 14% lower incidence of common
cold episodes compared with the sedentary group, but the
small and marginally significant (P � 0.045) difference
could be accounted for by multiple comparisons.

We restricted the analyses of Tables 2 and 3 to partici-
pants aged 50–59 yr without any significant association
between physical activity and the risk of colds (data not
shown).

TABLE 1. Baseline characteristics of working participants, ATBC study.

Characteristic
No. of
Subjects

All subjects 14401(100%)
Age (yr)

50–54 7466 (52%)
55–59 4897 (34%)
60–64 1715 (12%)
65–69 323 (2%)

Smoking (cigarettes�d�1)
5–14 2509 (17%)
15–24 6806 (47%)
25–34 3839 (27%)
�35 1247 (9%)

Alcohol intakea

None 1190 (8%)
Any 12448 (87%)

Coffee intake (mL�d�1)a

�299 1697 (12%)
300–599 4789 (33%)
�600 7152 (50%)

Education
Elementary school or less 10678 (74%)
More than elementary school 3723 (26%)

Physical activity at work
Very light 3490 (24%)
Light 4670 (33%)
Moderate 4030 (28%)
Heavy 2211 (15%)

Physical activity at leisurea

Light 6025 (42%)
Moderate 7455 (52%)
Heavy 916 (6%)

Frequency of physical activity at leisure leading to sweatinga

� 1 wk�1 8415 (59%)
1–2 wk�1 4342 (30%)
�3 wk�1 1628 (11%)

a Data on alcohol and coffee consumption were missing from 763 participants, physical
activity at leisure from 5, and the frequency of physical activity at leisure from 16
participants.

TABLE 2. Relative risk of the common cold in relation to physical activity at work
during 2-yr follow-up, ATBC study, placebo arm.

Physical
Activity at Work

No. of
Subjects

Relative Risk of
Colds RR
(95% CI)a Colds per yr

Very light 869 (25%) 1.00 (reference) 1.02
Light 1129 (33%) 0.97 (0.91–1.04) 0.98
Moderate 973 (28%) 0.96 (0.90–1.03) 0.96
Heavy 502 (14%) 0.93 (0.85–1.02) 0.90

a Poisson regression model; adjusted for age, cigarettes per day, consumption of
alcohol and coffee, and education; data on diet were missing from 188 subjects who are
excluded.
RR, relative risk; CI, confidence interval.
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In participants with heavy job activity, vitamin E, and
�-carotene had statistically significant interaction (P �
0.037). However, the risks of common cold in the active
intervention groups did not differ significantly from that of
the placebo group (Table 4).

In participants who carried out heavy exercise at leisure,
�-carotene and vitamin E–�-carotene combination in-
creased common cold risk by 25% (P � 0.001) and 21% (P
� 0.005), respectively, compared with the placebo group
(Table 4). The risk of colds was nonsignificantly 10%
higher in vitamin E group compared with the placebo group.

DISCUSSION

Physical activity at work or at leisure had no material
association with the incidence of colds in middle-aged male
smokers. In participants who were exercising heavily 1 to
2� wk�1, the incidence of colds was 14% lower compared
with the sedentary group, but the difference was marginally
significant and it may be explained by the multiple com-
parisons. Furthermore, if heavy exercise would reduce com-
mon cold risk by 14% with an annual incidence of one
common cold episode per person, then seven persons need
to exercise heavily 1 to 2� wk�1 for 1 yr in order to prevent
one common cold episode. Thus, the cost-benefit ratio is
very low for such intervention even if the slight difference
were real.

The present analysis was restricted to a 2-yr follow-up
with a presumption that the kind of work and the leisure-
time exercise habits reported at the baseline of the study did
not considerably change within that timeframe. We repeated
the analyses with a restriction to participants aged 50–59 yr
to further reduce the possibility that, for example, retirement
would render the baseline information less accurate, but the
findings were similar. Vitamin E and �-carotene supple-
mentation did not reduce the risk of colds in participants
with heavy jobs or in participants carrying out heavy exer-

cise at leisure; in contrast, these two antioxidants increased
the risk of colds in the latter subjects.

In our study, no virological or serological tests were
carried out to explore the etiological causes of the self-
reported colds. However, it is the subjective symptoms
rather than positive laboratory findings that lead a subject to
stay off work or to withdraw from participation in a sports
competition, and therefore the subjective outcome is con-
siderably more relevant for public health purposes. Further-
more, the manifestations of the common cold are so typical
that self-diagnosis is usually correct (5). Nevertheless, dif-
ferences in the subjective perception of colds may contrib-
ute to bias between different physical activity groups. For
example, subjects with heavy jobs or subjects practicing
heavy exercise can differ in their reporting of colds when
compared with sedentary subjects. Given the lack of mate-
rial findings for activity level, it seems, however, unlikely
that such potential biases or physical activity misclassifica-
tion could be large enough to camouflage quantitatively
meaningful true differences between the physical activity
groups.

A potential limitation of our study is the heterogeneous
outcome, self-reported colds, which may contain a variety
of viral respiratory episodes of different severity. The het-
erogeneity of the outcome, however, should not affect our
conclusions. To assume that physical activity would affect
the incidence of certain specific kinds of colds (e.g., severe
colds or colds caused by a certain virus) would require that
physical activity would equivalently increase the incidence
of colds in the complementary group (e.g., mild colds or
colds caused by other viruses) to generate the flat response.
Such a possibility seems highly improbable.

A large number of studies have found diverse effects on the
immune system by moderate physical exercise considered to
be positive against infections (2,12,17,24). Only few small
studies have examined the association between moderate ex-
ercise and the risk of URI, but none of them found significant
benefit from moderate exercise (18,21,28). On the other hand,
there are several studies that have reported elevated risk of URI
type of symptoms in subjects carrying out exceptionally heavy
acute or regular exercise (2,17,24). Based on the assumption
that the effects of moderate exercise on the immune system are
positive, when compared with sedentary subjects, and on the
rather consistent increase in the URI type of symptoms in
exceptionally stressed subjects, the relationship between phys-
ical activity and URI risk was hypothesized to resemble the
“J”-shape (17).

Our large-scale cohort study does not support a reduction
in URI risk by moderate exercise as implied by the “J”-
curve hypothesis. In our study, when physical activity in-
creases from sedentary level at work or at leisure, there are
no indications of substantial reduction in common cold risk.
Concluding from our results, the effects of moderate exer-
cise on diverse laboratory measures of immune function
reported in several studies (2,12,17,24) may have little prac-
tical significance on the URI risk in the general population.

Our study is limited to 50- to 69-yr-old male smokers who
were overall fairly sedentary or engaged mainly in physical

TABLE 3. Relative risk of the common cold in relation to physical activity at leisure
time during 2-yr follow-up, ATBC study, placebo arm.

Average Physical
Activity at Leisure

Frequency of Exercise Causing Sweating or Shortness
of Breath

<1 wk�1 1–2 wk�1 >3 wk�1

Light
Relative risk of colds

RR (95% CI)a 1.00 (reference) 0.97 (0.87–1.07) 1.01 (0.83–1.23)
Colds per year 0.97 0.94 0.99
No. of subjects 1198 (34%) 226 (6.5%) 52 (1.5%)

Moderate
Relative risk of colds

RR (95% CI)a 1.01 (0.95–1.08) 0.99 (0.93–1.06) 1.05 (0.96–1.16)
Colds per year 0.99 0.98 1.01
No. of subjects 832 (24%) 683 (20%) 268 (8%)

Heavy
Relative risk of colds

RR (95% CI)a 1.11 (0.71–1.64) 0.86 (0.74–1.00) 0.95 (0.80–1.12)
Colds per year 1.04 0.84 0.91
No. of subjects 11 (0.3%) 119 (3.4%) 81 (2.3%)

a Poisson regression model; adjusted for age, cigarettes per day, consumption of
alcohol and coffee, and education; data on physical activity at leisure were missing from
three subjects, and data on diet were missing from 188 subjects, who are excluded.
RR, relative risk; CI, confidence interval.
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exercise secondary to other free time activities; only 6% of
the participants carried out actual heavy exercise at leisure.
Therefore, our study cannot address the question whether
highly intense and/or protracted sporting activities such as a
marathon run, or strenuous regular competitive sports train-
ing among young subjects, increases the incidence of symp-
toms commonly associated with URI, as implied by the
latter part of the “J”-curve. Nevertheless, our study indicates
that in middle-aged men, URI risk is not materially in-
creased by physical activity when their exercise is classified
heavy in their own social context.

Heavy exercise increased the biochemical markers of
oxidative damage in several studies with animals and hu-
mans, and these changes were diminished by antioxidants,
in particular by vitamin E (1,6,23,29). Furthermore, anti-
oxidants vitamin E, �-carotene and vitamin C have im-
proved the functions of the immune system in a large
number of studies (10,13,16). We examined whether vita-
min E or �-carotene supplementation might decrease the
incidence of colds in participants categorized as performing
heavy activity at work or in participants carrying out heavy
exercise at leisure under the assumption that oxidative stress
may be increased under such conditions and the immune
system might be protected by antioxidant supplementation.
In participants categorized as having a heavy job, vitamin E
and �-carotene supplementations had statistically signifi-
cant interaction in their effects on the common cold risk, but
none of the three antioxidant groups materially differed
from the placebo group. In participants carrying out heavy
leisure-time exercise, risk of colds was increased in the three
antioxidant groups compared with the placebo group. These

findings are inconsistent with the notion that vitamin E or
�-carotene might be beneficial for subjects enduring heavy
physical stress.

We must be cautious when extrapolating findings to sub-
jects differing from our study population, but given the
tendency of vitamin E and �-carotene to increase common
cold risk in subjects carrying out heavy exercise, it seems
unlikely that these antioxidants could yield substantial ben-
efit in young athletes practicing more heavily than our
subjects. A third antioxidant, vitamin C, is also of interest in
relation to conditions of physical stress; e.g., in a recent
study, vitamin C prevented exercise-induced oxidative
changes (1). In three small randomized placebo-controlled
trials with subjects under heavy acute physical stress, vita-
min C supplementation decreased the incidence of colds,
and combining the results of the three trials yielded an
average of 50% reduction (P � 0.001) in the risk of colds
by vitamin C (9). By contrast, large-scale trials of sedentary
subjects showed no effect on the common cold incidence by
vitamin C (10), explicitly indicating that any putative effects
by this third antioxidant are limited to specific conditions.
Evidently, more research on vitamin C in physically active
people would seem to be warranted, but based on the present
findings, it is unlikely that vitamin E or �-carotene supple-
mentation will provide any beneficial effects against URI in
physically stressed subjects.

The ATBC study was supported by U.S. Public Health Service
contract N01-CN-45165 from the United States National Cancer
Institute.
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9. HEMILÄ, H. Vitamin C and common cold incidence: a review of
studies with subjects under heavy physical stress. Int. J. Sports
Med. 17:379–383, 1996.
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