The Effect of Vitamin E on Common Cold Incidence Is Modified
by Age, Smoking and Residential Neighborhood

Harri Hemild, Jarmo Virtamo, Demetrius Albanes and Jaakko Kaprio

Harri Hemila

Department of Public Health,
University of Helsinki, Finland
harri.hemila@helsinki.fi
http://www.mv.helsinki.fi/home/hemila

This is a manuscript version of:

Hemild H, Virtamo J, Albanes D, Kaprio J.

The effect of vitamin E on common cold incidence is modified
by age, smoking and residential neighborhood.

Journal of the American College of Nutrition 2006;25(4):332-339

http://www.ncbi.nlm.nih.gov/pubmed/16943455
http://dx.doi.org/10.1080/07315724.2006.10719543

Links to the references are added to this manuscript version.

Fig. 1 is redrawn as a more accurate version at the end of this paper.


mailto:harri.hemila@helsinki.fi
http://dx.doi.org/10.1080/07315724.2006.10719543
http://www.ncbi.nlm.nih.gov/pubmed/16943455
http://www.mv.helsinki.fi/home/hemila

Journal of the American College of Nutrition, Vol. 25, No. 4, 332-339 (2006)
Published by the American College of Nutrition

The Effect of Vitamin E on Common Cold Incidence Is
Modified by Age, Smoking and Residential Neighborhood

Harri Hemild, MD, PhD, Jarmo Virtamo, MD, PhD, Demetrius Albanes, MD and Jaakko Kaprio, MD, PhD

Department of Public Health, University of Helsinki, (H.H., J.K.)
Department of Epidemiology and Health Promotion, National Public Health Institute (J.V.), Helsinki, FINLAND
Division of Cancer Epidemiology and Genetics, National Cancer Institute, Bethesda, Maryland (D.A.)

Address reprint requests to:
Harri Hemild, PhD, MD, Department of Public Health, POB 41,
University of Helsinki, Helsinki, FIN-00014, FINLAND.

E-mail: harri.hemila@helsinki.fi

ABSTRACT

Background: We have previously found a 28% reduction in common cold incidence

with 50 mg/day vitamin E supplementation in a subgroup of the Alpha-Tocopherol Beta-Carotene
Cancer Prevention (ATBC) Study cohort: older city-dwelling men (>65 years) who smoked

only 5-14 cigarettes/day.

Objective: To carry out more detailed analyses to explore the modification of vitamin E
effect by age, smoking, and residential neighborhood.

Methods: We examined the effect of vitamin E on common cold risk in subjects consisting

of the placebo and vitamin E arms (n = 14,573) of the ATBC Study, which recruited males

aged 50-69 years who smoked >5 cigarettes/day at the baseline. The ATBC Study was conducted
in southwestern Finland in 1985-1993; the active follow-up lasted for 4.7 years (mean).

We modeled common cold risk as a function of age-at-follow-up in the vitamin E arm

compared with the placebo arm using linear splines in Poisson regression.

Results: In participants of 72 years or older at follow-up, the effect of vitamin E diverged.
Among those smoking 5—14 cigarettes per day at baseline and living in cities, vitamin E

reduced common cold risk (RR = 0.54; 95% CI 0.37-0.80), whereas among those smoking

more and living away from cities, vitamin E increased common cold risk (RR = 1.58; 1.23-2.01).

Conclusions: Vitamin E may cause beneficial or harmful effects on health depending on
various modifying factors. Accordingly, caution should be maintained in public health
recommendations on vitamin E supplementation until its effects are better understood.
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INTRODUCTION

Animal studies have found that vitamin E may affect susceptibility to and severity of
diverse viral and bacterial respiratory infections (1-5). Although several studies found
that vitamin E may have beneficial effects on various laboratory measures of the immune
system in animals and humans (5,6), harmful effects on the immune system have also
been reported (7,8). Two animal studies found positive effects on the immune system
with moderate vitamin E doses, but adverse effects with large doses (9,10).

Only a few trials have examined the effect of vitamin E supplementation on clinical
infectious disease outcomes, such as respiratory and urinary tract infections (5,11-15)
and tuberculosis (16) in human subjects. On the whole, these trials found no unequivocal
benefit from vitamin E and, paradoxically, one trial found an increase in the severity

of acute respiratory illness with 200 mg per day of vitamin E (12). Three trials examined
the effect of vitamin combinations containing vitamin E on respiratory infections;
however, no specific conclusions of vitamin E can be drawn of these trials (17-19).

We previously found no overall effect on common cold risk with 50 mg per day of
vitamin E in the Alpha-Tocopherol Beta-Carotene Cancer Prevention (ATBC) Study (20).
However, in a small subgroup of older city-dwelling men (=65 years) who smoked only
5-14 cigarettes per day, vitamin E supplementation was associated with a statistically
highly significant, but quantitatively modest, reduction in common cold incidence

(RR =0.72; 95% CI: 0.62-0.83) (20). Whether this observation resulted from

a physiological effect or emerged by chance from a series of subgroup analyses
remained an open question. Since the number of common cold episodes recorded

in the ATBC Study was very high, we carried out more detailed analyses to explore

the possibility that vitamin E effect is modified by age, smoking, and residential
neighborhood.



PARTICIPANTS AND METHODS

Study Participants and Intervention Groups

The design and methods of the ATBC Study examining the effects of vitamin E (dI-a-tocopheryl acetate (AT),

50 mg/day) and [S-carotene (BC, 20 mg/day) on the incidence of lung cancer and other cancers have already been
described in detail (20,21). In brief, the trial participants were recruited in 1985-88 from the total male population
aged 5069 years living in southwestern Finland (n = 290,406). To be eligible, participants had to smoke >5 cigarettes
per day at entry. The eligible participants (n = 29,133) were randomized to one of four intervention arms and
administered placebo, AT, BC, or AT + BC. The planned intervention continued for 5 to 8 years (median 6.1 years)
until April 30, 1993, with 3 follow-up visits annually, but because of deaths and drop-outs the active follow-up lasted
for 4.7 years (mean). The trial was approved by the institutional review boards of the participating institutions;

all participants gave written informed consent. At baseline, prior to randomization, the men completed a questionnaire
on their medical and smoking histories and general background characteristics. In the current analysis we excluded
participants who were administered 3-carotene to avoid any problems caused by potential interaction between
vitamin E and f-carotene, so that we restricted ourselves to the placebo and AT arms of the trial (n = 14,573; Table 1).

Outcome Definition and Smoking Status Evaluation during Follow-Up

At each follow-up visit to the local study center, 3 times per year with 4-month intervals (Table 1), the participant was
asked "Have you had a common cold since the previous visit, and if so, how many times?" The occurrence of "other
upper respiratory tract infection" and "acute bronchitis" was also asked about. The number of colds reported at each
follow-up visit was used as the outcome for this study. This outcome, self-reported colds, is based on subjective
symptoms and not on any laboratory findings. However, since it is the subjective symptoms that lead a person to seek
medical attention and obtain sick-leave, in this respect the subjective outcome is most relevant for public health
purposes. The manifestations of the common cold are so typical that self-diagnosis by the patient is usually correct (22).
During 69,094 person-years of active follow-up covered by visits to the study centers, 55,770 common cold episodes
were recorded.

At each follow-up visit, the participant was asked: "Have you been smoking since the previous visit?" with the
following alternative responses provided: 1) no, 2) yes, but now I have quit, 3) yes, continuously (Table 1). In this study
we used responses 1) and 3) when exploring the effect of smoking cessation before the follow-up visit.

Statistical Methods

Because we analyzed the modification of vitamin E effect by age, and the ATBC Study lasted for some 6 years,
in the current analyses we used the age of participant at the follow-up visit. This is the biological age at the point
of time when the outcome for the preceding 4-month period is evaluated.

The number of common cold episodes was modeled using Poisson regression. The risk ratio (RR) and the likelihood
ratio-based 95% confidence interval (95% CI) were calculated using the SAS PROC GENMOD program (release 8.1,
SAS Institute, Inc., Cary, NC). Linear spline-modeling (23) was carried out for the four groups defined by baseline
smoking and residential neighborhood as follows.

First, using a base model containing the mean vitamin E-effect, and a linear trend to adjust for the average reduction
in common cold incidence with age, we added ten linear splines to both trial arms at 2 year-intervals starting

at 52 years of age-at-follow-up. Thereafter, linear spline terms for the vitamin E arm were added to the same knots,
and the statistical significance of the vitamin E—age-at-follow-up interaction was calculated from the change in the
—2 x Log(Likelihood) difference. This saturated model was simplified by dropping the knots that had the least effect on
the vitamin E spline model, starting with those with the lowest Wald-test x> value. The corresponding knots covering
both arms were concurrently dropped out. The models were simplified until all remaining vitamin E arm knots gave

a significant contribution to the spline model (x* > 4). Thus, the final model contained knots at the same years for
both arms to provide the baseline, and for the vitamin E arm to provide the age-modification. Visually, the final
models captured all the main features of the saturated models (graphs for saturated models not shown). The optimized
models are described in Table 2 and the corresponding graphs in Fig. 1. Two-tailed p-values were used.

We tested the modifying effect of residential neighborhood on the vitamin E effect separately in participants who
smoked 5-14 and those who smoked >15 cigarettes per day. Based on the appearance of the spline curves (Fig. 1),

we restricted this analysis to participants aged >62 and >65 years at the follow-up visit, respectively, in the light and
heavy smokers. First we added a linear trend to adjust for the average reduction in common cold incidence with age,
the mean vitamin E-effect, mean effect of residential neighborhood, and a linear spline to the vitamin E arm at 62 or 65
years. To test the role of residential neighborhood, we further added the mean vitamin E effect and a linear spline to
the vitamin E arm to the city-dwellers. The change in the —2 x Log(Likelihood) gives x*(2 df), which was used to
calculate the p[2-tail]-value to test the role of residential neighborhood in the vitamin E spline-models.

As to supplementation, the analyses were carried out following the intention-to-treat principle. Compliance with
supplementation 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 (21).
The outcome was, however, available only for those participants who continued with the trial and participated in

the follow-up visits.



Table 1. Baseline Characteristics of Participants, and the Age and Smoking Status at Follow-Up
Visits, The ATBC Study 1985-1993; No $-Carotene Participants

Baseline characteristics No. of
participants

All participants 14,573 (100%)
Baseline age (years)

50-54 5,275 (36%)

55-59 4,639 (32%)

60-64 3,183 (22%)

65-69 1,476 (10%)
Smoking (cigarettes/day)

5-14 2,910 (20%)

15— 11,663 (80%)
Age of smoking initiation*

<21 years 10,842 (74%)

>21 years 3,727 (26%)

Residential neighborhood during
the last 20 years*

City (>50,000 inhab.) 6,233 (43%)
Town 3,093 (21%)
Village 2,092 (14%)
Countryside 3,153 (22%)
Follow-up visit variables No. of visits
All visits 207,284 (100%)
Age at follow-up visit

50-51 5,265

52-53 16,603 (8%)
54-55 25,517 (12%)
56-57 29,240 (14%)
58-59 28,127 (14%)
60-61 25,902 (12%)
62-63 22,588 (11%)
64-65 18,685 (9%)
66-67 14,513 (7%)
68-69 10,642 (5%)
70-71 6,485 (3%)
72-73 2,805 (1.5%)
74-77 912 (0.5%)

Smoking since the previous visit

No 23,032 (11%)
Yes, but quit before current visit 5,817 (3%)
Yes, continuously 178,433 (86%)

* Data on residential neighborhood was missing from 2 participants,
and on age at smoking initiation from 4 participants.



Table 2. Optimizing the Spline Models for the Age-Modification
of Vitamin E Effect on Common Cold Incidence

Group

Saturated model*

Simple model*

>15 cigarettes per day

living away from cities

>15 cigarettes per day

living in a city

5-14 cigarettes per day

living away from cities

5-14 cigarettes per day

living in a city

X?(10 df) = 40.9

Y10 df) = 17.3

X?(10 df) = 22.3

¥3(10 df) = 46.5

X¥(4 df) = 36.5
p = 0.0000002

knots at 52, 56, 58, 68 yrs

X(2dH) =78
p=0.02
knots at 64, 66 yrs

x’(1df)=18.9
p =0.00002
knot at 56 yrs

X(2 df) = 38.7
p = 0.000000004
knots at 60, 62 yrs

* The x* measures the improvement in the Poisson model when the knots indicated

are added to the vitamin E arm in the simple model.

In the saturated model, 10 knots at 2-year intervals were added, starting at 52 years.



RESULTS

Table 1 shows the distributions for the baseline data for age, smoking level, age of smoking
initiation, residential neighborhood, and follow-up data for age and smoking at the follow-up
visits. On average, 0.27 common cold episodes were reported at each four-monthly follow-up
visit, corresponding to an annual rate of 0.8 cold episodes.

There is no overall effect, with a narrow confidence interval, of vitamin E supplementation in
the four groups defined by baseline smoking and residential neighborhood (Table 3). To examine
the potential modification of vitamin E effect by age, we constructed linear spline models

for the vitamin E effect as a function of age-at-follow-up separately for the four groups defined
by baseline smoking and residential neighborhood. These groups show statistically highly
significant modification of vitamin E effect by age-at-follow-up, except for city-dwellers
smoking >15 cigarettes per day (Fig. 1, Table 2).

RR

ofcolds A: 15+ cigarettes per day
20
Fig. 1. The effect of vitamin E on the relative risk of
common cold as a function of age at follow-up. )
Participants smoking more (A) and less (B) are further
divided into subgroups by residential neighborhood. 10 A_ e / ________
RR indicates the relative risk of colds between the H B -

vitamin E and placebo arms. See Table 2 for the
description of the statistical models. : —B— Not city
See Fig. 1. redrawn in 2014 at the end of this paper.
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Among participants who smoked >15 cigarettes 20 ‘
per day at baseline, the spline curve of vitamin E ==W#—Not city
effect shows a trend towards harm for old —&— City

participants (Fig. 1A). Among the heavy
smokers living away from cities, there is

a peak of increased risk at 56 years of age.
Although there is no apparent biological
rationale for such a sharp peak in the common
cold risk, dropping out the knots at 52, 56,

and 58 years would reduce the y* value 0.3 ' T ; "
by 17.9 (3 df; p = 0.0005) so that these >0 35 60 65 70 s
knots are retained in the spline model. Age at follow-up (y)

Among participants who smoked only 5-14 cigarettes per day at baseline, the spline curves suggest
slight harm for young participants, but there is an age-dependent trend towards benefit in old
participants (Fig. 1B). Among the city-dwellers who smoke less, there is a peak indicating harm at
about 62 years of age. Although there is no apparent biological rationale for such a sharp peak here
either, omitting the knot at 62 years reduces the y? value by 16.3 (1 df; p = 0.0001); therefore both
knots are retained in the spline model. The knot at 56 years in the participants smoking less, who
live away from cities, remained after the stepwise reduction of the spline model, but there was no
meaningful difference compared with spline models with a single knot located at 52, 54 or 58 years.



Because this work was motivated by the effect of vitamin E observed in the subgroup

of >65 year old city-dwellers who smoked 5-14 cigarettes per day (20) and inclusion of that
subgroup in the vitamin E spline model does not provide a test independent of the original
finding, we examined whether age is a modifier outside of this small subgroup. When the
participants aged >65 years at baseline were excluded from the spline model of the city-dwellers
who smoked 5-14 cigarettes per day at baseline, the vitamin E spline model was still highly
significant (y°[2 df] = 12.3, p = 0.002). The other three of the four subgroups test the
age-modification of vitamin E effect independently of the original hypothesis-generating
subgroup (Table 2).

Among the oldest participants, the effect of vitamin E on common cold incidence substantially
diverges in the light and heavy smokers, but the role of residential neighborhood is less evident
(Fig. 1). Therefore we tested whether including the residential neighborhood significantly
improves the vitamin E spline models at the upper age range. Among participants who smoked
5-14 cigarettes per day there was strong evidence that the age at visit of 62 years or more modifies
the vitamin E effect differently in city-dwellers and those who live away from cities (p = 0.018).
In contrast, for those who smoked >15 cigarettes per day there was weaker evidence that

the age at visit of 65 years or more modifies the vitamin E effect differently in the residential
neighborhood groups (p = 0.042).

Based on the appearance of the spline curves, certain age-ranges were selected for explicit
calculation of the effect estimate of vitamin E supplementation and its confidence interval
(Fig. 1, Table 3). Vitamin E supplementation for participants smoking less was associated with
a significant increase in the risk of colds at 50-56 years in those who live away from cities,
and at 61-63 years in the city-dwellers. For city-dwellers who smoke less, vitamin E
supplementation caused a substantial reduction in the risk of colds for participants aged

69 years or more, but the benefit was smaller among participants living away from cities.
Among the heavy smokers, vitamin E supplementation significantly increased the risk of
colds among the oldest participants (Table 3).

It is noteworthy that among the >72 year old participants the greatest benefit was seen in
city-dwellers smoking 514 cigarettes per day, whereas the greatest harm was seen in the mirror
image, i.e., participants living outside cities and smoking >15 cigarettes per day (Fig. 1, Table 3).
The confidence intervals for the vitamin E effect on these two groups are strikingly different.

It is also noteworthy that in both of these groups there is a peak of harm at 62 and 54 years
respectively, whereas the remaining two groups do not show comparable peaks for the younger
participants.

The preceding analysis is based on defining the subgroups by smoking level at baseline.

To explore whether other measures of cigarette smoke exposure would further modify

the effect of vitamin E, we analyzed the risk of colds in participants aged >72 years by combining
the residential neighborhood groups, but keeping the baseline low and heavy smoking groups
separate. Among the old participants who smoked heavily at baseline, the vitamin E effect

is significantly modified by the age of smoking initiation (Table 4). In these heavy smokers,

there was no definite evidence of harm from vitamin E in those who quit smoking before the visit,
but the number of quitters is low. Among participants who smoked less at baseline,

age of smoking initiation did not modify the vitamin E effect, and smoking cessation

did not lead to a greater vitamin E benefit (Table 4).



Table 3. The Effect of Vitamin E Supplementation on the Risk of the Common Cold
in Selected Age-Groups by Baseline Smoking and Residential Neighborhood

>15 cigarettes per day

5-14 cigarettes per day

Number of participants:

All visits (207,270 visits)
RR
95% CI
Age at visit
50-56 yrs (62,054 visits)
RR
95% CI
61-63 yrs (35,182 visits)
RR
95% CI
69-71 yrs (11,321 visits)
RR
95% CI
72-77 yrs (3,717 visits)
RR
95% CI

Town, village,

or countryside

6,587

0.98
0.95-1.01

1.01

0.96-1.05

0.93
0.87-0.99

1.11
0.98-1.27

1.58
1.23-2.01

City

5,074

1.00
0.97-1.03

0.98

0.93-1.03

1.02
0.95-1.10

1.04
0.90-1.19

1.35
1.03-1.76

Town, village, City

or countryside

1,751 1,159
1.02 1.02
0.97-1.08 0.96-1.08
1.20 1.07
1.08-1.32 0.96-1.20
0.97 1.30
0.86-1.09 1.13-1.50
0.80 0.68
0.67-0.96 0.54-0.84
0.90 0.54
0.63-1.28 0.37-0.80




Table 4. Modification of Vitamin E Effect on Common Cold Risk
by Age at Smoking Initiation and by Recent Smoking
among Participants Aged 72 Years or More at the Follow-Up Visit

Risk of colds in Test of
the vitamin E arm interaction
RR; 95% CI p
Baseline smoking >15 cigarettes per day
All in the subgroup (2,513 visits) 1.42; 1.18-1.70
Age at smoking initiation
<21 years (1,482 visits) 1.68; 1.34-2.12 0.02
>21 years (1,031 visits) 1.09; 0.82-1.45
Smoking at follow-up
Continued (1,992 visits) 1.48; 1.21-1.80 0.10
Quit (444 visits) 0.96; 0.59-1.55
Baseline smoking 5-14 cigarettes per day
All in the subgroup (1,204 visits) 0.71; 0.54-0.91
Age at smoking initiation
<21 years (578 visits) 0.67; 0.45-0.98 0.6
>21 years (626 visits) 0.75; 0.53-1.06
Smoking at follow-up
Continued (788 visits) 0.62; 0.45-0.87 0.12
Quit (368 visits) 0.98; 0.61-1.55
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DISCUSSION

In a previous paper we reported a 28% reduction in common cold incidence with vitamin E
supplementation in older city-dwelling men who smoked only 5-14 cigarettes per day (20).

The present work was carried out to analyze whether the three characteristics specifying

the small subgroup, i.e., age, smoking, and residential neighborhood, would cause a more general
modification of the vitamin E effect. The current spline model analyses over age-at-follow-up
seem to show that the reduction of common cold incidence with vitamin E in the previously
identified small subgroup (20) is explained by its physiological effects rather than by a chance
occurrence emerging from a series of subgroup analyses.

Age and smoking are plausible modifying factors for the effect of vitamin E on common cold
incidence, but a biological rationale for the role of residential neighborhood as a modifying factor
is not as apparent. Possibly higher level of air pollution or much more frequent use of public
transport with concomitant exposure to infectious agents could explain the observed difference
between cities and smaller communities.

Recently, a small trial with 617 elderly participants in long-term care facilities found a slightly
lower incidence of colds among participants administered 200 mg per day of vitamin E

(RR =0.83; 95% CI: 0.68-1.01) (13). Another small trial with 652 elderly noninstitutionalized
people found a slightly higher incidence of respiratory infection among participants administered
200 mg per day of vitamin E (RR = 1.12; 0.88-1.25), and a statistically significant increase in
symptom severity, fever and restriction in activity (12). Although such divergence may result

from the small size of the trials, it might also result from biological heterogeneity, as we found

both increases and decreases in common cold risk with 50 mg per day of vitamin E supplementation
in our current study, depending on the characteristics of the subgroup.

We found quite sharp peaks of increase in common cold risk at 54 and 62 years with vitamin E
supplementation in two of our four subgroups (Fig. 1), both highly unlikely to be due to chance,
although there is no apparent biological rationale for such peaks. Possibly the peaks may be related
to social factors such as retirement, which in Finland occurs usually at about 58 to 60 years;
however, retirement does not occur as such a sharp peak as seen in the spline models.

The modification of the vitamin E effect on the common cold risk by age, smoking, and residential
neighborhood may be of more general interest as regards the physiological effects of antioxidants.
There is evidence indicating that free radical production may be important in the emergence

of various chronic diseases such as cancer and cardiovascular diseases (24,25) as well as

in the pathogenesis of certain viral and bacterial diseases (26-28). It is sometimes assumed

that antioxidants, including vitamin E, might have a consistent unidirectional broad-spectrum
benefit on the human system by protecting it against the free radicals (24,25). Our finding that
vitamin E supplementation significantly increases or decreases common cold risk depending

on the three variables in question is inconsistent with the notion of uniform benefits from
antioxidant supplementation.

In the current work we had available a very large number of outcomes (55,770 episodes of the
common cold) which rendered it possible to analyze the age-dependence of the vitamin E effect
in the four subgroups accurately. With severe diseases such as cancers or cardiovascular diseases,
the statistical power is usually too small to permit analyses similar to the current spline models.
Still, it is possible that comparable effect-modification occurs in the case of more serious diseases,
even though directly extrapolating the particular modifying factors observed in this work to any
other diseases is not justified. In a previous analysis of the ATBC Study cohort, we found that the
effect of vitamin E on the risk of pneumonia was modified by the age of smoking initiation so that
vitamin E reduced pneumonia risk in participants who began smoking at a later age, whereas
vitamin E slightly increased the risk among participants who began smoking at an early age (14)
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(see also Table 4). Thus, our findings for pneumonia risk also suggest substantial heterogeneity
between population groups in the effects of vitamin E supplementation.

A recent meta-analysis focusing on the potential harm of vitamin E supplementation found

that, starting from approximately 150 mg/day of vitamin E, there was increased mortality

among people supplemented with vitamin E (29). However, it is possible that there is biological
heterogeneity between population groups, so that people’s characteristics may determine

whether vitamin E supplementation caused net benefit or harm. In our current study, the vitamin E
dose was 50 mg/day, which is substantially less than the estimated threshold level in the
above-mentioned meta-analysis (29); however, our current analyses on common cold incidence and
our previous analyses on pneumonia incidence make it seem probable that some population groups
are harmed at levels of 50 mg/day, even though the same low dose seems beneficial for other
population groups (14,15). Thus, it may be unjustifiable to assume that there is a single threshold
level for harmful effects that is valid for the entire population. Another recent review on vitamin E
safety concluded that supplements appear harmless for most adults in amounts up to 1 g/day (30),
whereas our subgroup analyses indicate harmful effects on restricted population groups at doses as
low as 50 mg/day (Tables 3 and 4).

The definition of a common cold episode in our study was based on self-diagnosis, which is
usually reliable (22). Although subjective perception of what is classified as a cold varies

between participants, such inaccuracy in outcome assessment does not lead to consistent
differences between our double-blinded study arms; rather, the inaccuracy renders the differences
smaller than they may actually be. Our implicit assumption in this work was that the effect

of vitamin E is based on its reported effects on the immune system (5,6), but even if the mechanism
of the effect of vitamin E would be on other factors that determine whether a person has subjective
symptoms of the common cold, the conclusions of our double-blind trial are not affected.
Furthermore, even though a proportion of the self-reported colds may be caused by non-infectious
etiology, this does not affect the validity of our observation that this common set of symptoms
seems to be affected differently with vitamin E in different subgroups of people.

The modification of the vitamin E effect on common cold risk also bears on the heterogeneity

of findings in common cold trials examining vitamin C, the major water-soluble antioxidant,
which interacts with lipid-soluble vitamin E (5,31,32). The largest vitamin C trials found no effect
on the risk of the common cold; however, low dietary vitamin C intake and acute physical stress
were proposed as modifying factors that may explain statistically significant reduction in common
cold risk with vitamin C supplementation in several small trials (5,33,34). Thus, it seems possible
that these two closely related antioxidants, vitamin E and vitamin C, may affect common cold risk
in restricted groups of people, even though there seems to be no overall effect in the general
Western population.

The main finding of our study is that vitamin E supplementation may cause benefit or harm

to health depending on several modifying factors. It is premature to draw any practical conclusions
from our study except that general caution should be maintained in public health recommendations
on vitamin E supplementation until the effects of this vitamin are better understood. The possibility
that vitamin E may reduce the risk of the ubiquitous common cold infection by half in some groups
of elderly people would seem to warrant further study to define more precisely the population
groups that might benefit from supplementation.

ACKNOWLEDGMENTS

The ATBC Study was supported by US Public Health Service contract NO1-CN-45165
and CN-45035 from the National Cancer Institute.

12



REFERENCES

1.

Heinzerling RH, Tengerdy RP, Wick LL, Lueker DC: Vitamin E protects mice
against diplococcus pneumoniae type I infection. Infect Immun 10:1292-1295, 1974.

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC423101

Stephens L.C, McChesney AE, Nockels CF: Improved recovery of vitamin E-treated lambs that
have been experimentally infected with intratracheal chlamydia. Br Vet J 135:291-293, 1979.

http://www.ncbi.nlm.nih.gov/pubmed/435968

Beck MA, Kolbeck PC, Rohr LH, Shi Q, Morris VC, Levander OA: Vitamin E deficiency
intensifies the myocardial injury of coxsackievirus B3 infection of mice.

J Nutr 124:345-348, 1994.

http://jn.nutrition.org/content/124/3/345

Hayek MG, Taylor SF, Bender BS, Han SN, Meydani M, Smith DE, Eghtesada S, Meydani SN:
Vitamin E supplementation decreases lung virus titers in mice infected with influenza.

J Infect Dis 176:273-276, 1997.

http://dx.doi.org/10.1086/517265

Hemild H: Do vitamins C and E affect respiratory infections? [PhD Thesis]
University of Helsinki, Helsinki, Finland, 2006.
http://hdl.handle.net/10138/20335
http://ethesis.helsinki.fi/julkaisut/laa/kansa/vk/hemila

Moriguchi S, Muraga M: Vitamin E and immunity. Vitam Horm 59:305-336, 2000.
http://dx.doi.org/10.1016/S0083-6729(00)59011-6

Baehner RL, Boxer LA, Allen JM, Davis J: Autoxidation as a basis
for altered function by polymorphonuclear leukocytes. Blood 50:327-335, 1977.

http://bloodjournal.hematologylibrary.org/content/50/2/327

Prasad JS: Effect of vitamin E supplementation on leukocyte function.
Am J Clin Nutr 33:606-608, 1980.

http://ajcn.nutrition.org/content/33/3/606

Yasunaga T, Kato H, Ohgaki K, Inamoto T, Hikasa Y: Effect of vitamin E as an
immunopotentiation agent for mice at optimal dosage and its toxicity at high dosage.
J Nutr 122:1075-1084, 1982.

http://jn.nutrition.org/content/112/6/1075

10. Bendich A, Gabriel E, Machlin LJ: Dietary vitamin E requirement for optimum immune

responses in the rat. J Nutr 116:675-681, 1986.
http://jn.nutrition.org/content/116/4/675

11. Harman D, Miller RA: Effect of vitamin E on the immune response to influenza virus vaccine

and the incidence of infectious disease in man. Age 9:21-23, 1986.
http://dx.doi.org/10.1007/BF02431896

12. Graat JM, Schouten EG, Kok FJ: Effects of daily vitamin E and multivitamin-mineral

supplementation on acute respiratory infections in elderly persons. JAMA 288:715-721, 2002.
http://dx.doi.org/10.1001/jama.288.6.715

13


http://dx.doi.org/10.1001/jama.288.6.715
http://dx.doi.org/10.1007/BF02431896
http://jn.nutrition.org/content/116/4/675
http://jn.nutrition.org/content/112/6/1075
http://ajcn.nutrition.org/content/33/3/606
http://bloodjournal.hematologylibrary.org/content/50/2/327
http://dx.doi.org/10.1016/S0083-6729(00)59011-6
http://ethesis.helsinki.fi/julkaisut/laa/kansa/vk/hemila
http://hdl.handle.net/10138/20335
http://dx.doi.org/10.1086/517265
http://jn.nutrition.org/content/124/3/345
http://www.ncbi.nlm.nih.gov/pubmed/435968
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC423101

13. Meydani SN, Leka LS, Fine BC, Dallal GE, Keusch GT, Singh MF, Hamer DH:
Vitamin E and respiratory tract infections in elderly nursing home residents.
JAMA 292:828-836, 2004.

http://dx.doi.org/10.1001/jama.292.7.828
Comments in: JAMA 292:2834, 2004

http://dx.doi.org/10.1001/jama.292.23.2834-a

14. Hemild H, Virtamo J, Albanes D, Kaprio J: Vitamin E and beta-carotene supplementation
and hospital-treated pneumonia incidence in male smokers. Chest 125:557-565, 2004.
http://dx.doi.org/10.1378/chest.125.2.557

15. Hemila H, Kaprio J, Albanes D, Virtamo J: Physical activity and pneumonia
in male smokers administered vitamin E and beta-carotene. Int J Sports Med 27:336-341, 2006.
http://dx.doi.org/10.1055/5-2005-865670
http://hdl.handle.net/10138/18749 Links to references are added

16. Hemild H, Kaprio J, Pietinen P, Albanes D, Heinonen OP: Vitamin C and other
compounds in vitamin C rich food in relation to risk of tuberculosis in male smokers.
Am J Epidemiol 150:632-641, 1999.

http://dx.doi.org/10.1093/oxfordjournals.aje.a010062

17. Girodon F, Galan P, Monget AL, Boutron-Ruault MC, Brunet-Lecomte P, Preziosi P, Arnaud J,
Manuguerra JC, Hercberg S: Impact of trace elements and vitamin supplementation on
immunity and infections in institutionalized elderly patients. Arch Intern Med 159:748-754,
1999.

http://dx.doi.org/10.1001/archinte.159.7.748

18. Barringer TA, Kirk JK, Santaniello AC, Foley KL, Michielutte R: Effect of multivitamin and
mineral supplement on infection and quality of life. Ann Intern Med 138:365-371, 2003.
http://dx.doi.org/10.7326/0003-4819-138-5-200303040-00005

19. Avenell A, Campbell MK, Cook JA, Hannaford PC, Kilonzo MM, McNeill G, Milne AC,
Ramsay CR, Seymour DG, Stephen Al, Vale LD: Effect of multivitamin and multimineral
supplements on morbidity from infections in older people (MAVIS trial):
pragmatic, randomised, double blind, placebo controlled trial. BMJ 331:324-329, 2005.

http://dx.doi.org/10.1136/bmj.331.7512.324

20. Hemild H, Kaprio J, Albanes D, Heinonen OP, Virtamo J: Vitamin C, vitamin E, and
beta-carotene in relation to common cold incidence in male smokers.
Epidemiology 13:32-37, 2002.
http://dx.doi.org/10.1097/00001648-200201000-00006
http://hdl.handle.net/10138/18059 Links to references are added

21. The Alpha-Tocopherol, Beta-Carotene Cancer Prevention Study Group: The effect of vitamin E
and beta-carotene on the incidence of lung cancer and other cancers in male smokers.
N Engl J Med 330:1029-1035, 1994.
http://dx.doi.org/10.1056/NEJM199404143301501

22. Gwaltney JM: The common cold. In Mandell GL, Bennett JE, Dolin R (eds): "Principles and
Practice of Infectious Diseases," 5th ed. New York: Churchill Livingstone, pp. 651-656, 2000.

23. Greenland S: Dose-response and trend analysis in epidemiology:
alternatives to categorical analysis. Epidemiology 6:356-365, 1995.
http://dx.doi.org/10.1097/00001648-199507000-00005

14


http://dx.doi.org/10.1097/00001648-199507000-00005
http://dx.doi.org/10.1056/NEJM199404143301501
http://hdl.handle.net/10138/18059
http://dx.doi.org/10.1097/00001648-200201000-00006
http://dx.doi.org/10.1136/bmj.331.7512.324
http://dx.doi.org/10.7326/0003-4819-138-5-200303040-00005
http://dx.doi.org/10.1001/archinte.159.7.748
http://dx.doi.org/10.1093/oxfordjournals.aje.a010062
http://hdl.handle.net/10138/18749
http://dx.doi.org/10.1055/s-2005-865670
http://dx.doi.org/10.1378/chest.125.2.557
http://dx.doi.org/10.1001/jama.292.23.2834-a
http://dx.doi.org/10.1001/jama.292.7.828

24. Ames BN, Shigenaga MK, Hagen TM: Oxidants, antioxidants,
and the degenerative diseases of aging. Proc Natl Acad Sci USA 90:7915-7922, 1993.
http://dx.doi.org/10.1073/pnas.90.17.7915

25. Halliwell B: Antioxidants in human health and disease. Annu Rev Nutr 16:33-50, 1996.
http://dx.doi.org/10.1146/annurev.nu.16.070196.000341

26. Hemild H: Vitamin C and the common cold. Br J Nutr 67:3-16, 1992.
http://dx.doi.org/10.1079/BJN19920004
http://hdl.handle.net/10250/135152 Links to references are added

27.Goode HF, Webster NR: Free radicals and antioxidants in sepsis.
Crit Care Med 21:1770-1776, 1993.
http://dx.doi.org/10.1097/00003246-199311000-00029

28. Akaike T, Suga M, Maeda H: Free radicals in viral pathogenesis.
Proc Soc Exp Biol Med 217:64-73, 1998.
http://dx.doi.org/10.3181/00379727-217-44206

29. Miller ER, Pastor-Barriuso R, Dalal D, Riemersma RA, Appel LJ, Guallar E:
Meta-analysis: high-dosage vitamin E supplementation may increase all-cause mortality.
Ann Intern Med 142:37-46, 2005.
http://dx.doi.org/10.7326/0003-4819-142-1-200501040-00110
Comments in: Ann Intern Med 143:150-158, 2005
http://dx.doi.org/10.7326/0003-4819-143-2-200507190-00020

30. Hathcock JN, Azzi A, Blumberg J, Bray T, Dickinson A, Frei B, Jialal I,
Johnston CS, Kelly FJ, Kraemer K, Packer L, Parthasarathy S, Sies H, Traber MG:
Vitamins E and C are safe across a broad range of intakes. Am J Clin Nutr 81:736 —745, 2005.

http://ajcn.nutrition.org/content/81/4/736
Comments in: Am J Clin Nutr 82:1141-1143, 2005.

http://www.ajcn.org/cgi/content/full/82/5/1141-a

31. Packer JE, Slater TF, Wilson RL: Direct observation of a free radical interaction between
vitamin E and vitamin C. Nature 278:737-738, 1979.
http://dx.doi.org/10.1038/278737a0

32. Hamilton IMJ, Gilmore WS, Benzie IF, Mulholland CW, Strain JJ:
Interactions between vitamins C and E in human subjects. Br J Nutr 84:261-267, 2000.
http://dx.doi.org/10.1017/S0007114500001537

33. Hemild H: Vitamin C intake and susceptibility to the common cold. Br J Nutr 77:59-72, 1997.
http://dx.doi.org/10.1017/S0007114500002889
http://hdl.handle.net/10138/13886 Links to references are added
Comments in: Br J Nutr 78:857-866, 1997.
http://dx.doi.org/10.1079/BJN19970201
http://hdl.handle.net/10250/8276 Links to references are added

34. Douglas RM, Hemild H: Vitamin C for preventing and treating the common cold.
PLoS Med 2:e168, 2005.

http://dx.doi.org/10.1371/journal.pmed.0020168

15


http://dx.doi.org/10.1371/journal.pmed.0020168
http://hdl.handle.net/10250/8276
http://dx.doi.org/10.1079/BJN19970201
http://hdl.handle.net/10138/13886
http://dx.doi.org/10.1017/S0007114500002889
http://dx.doi.org/10.1017/S0007114500001537
http://dx.doi.org/10.1038/278737a0
http://www.ajcn.org/cgi/content/full/82/5/1141-a
http://ajcn.nutrition.org/content/81/4/736
http://dx.doi.org/10.7326/0003-4819-143-2-200507190-00020
http://dx.doi.org/10.7326/0003-4819-143-2-200507190-00020
http://dx.doi.org/10.7326/0003-4819-143-2-200507190-00020
http://dx.doi.org/10.7326/0003-4819-143-2-200507190-00020
http://dx.doi.org/10.7326/0003-4819-142-1-200501040-00110
http://dx.doi.org/10.3181/00379727-217-44206
http://dx.doi.org/10.1097/00003246-199311000-00029
http://hdl.handle.net/10250/135152
http://dx.doi.org/10.1079/BJN19920004
http://dx.doi.org/10.1146/annurev.nu.16.070196.000341
http://dx.doi.org/10.1073/pnas.90.17.7915

A: 15+ cigarettes per day

2.0
1.4 F .
N
ke
3
w 1.0
o s
T I
o
0.7 F |
Not Eity: ~-mmmm=
City ——
0.5 L M L n 1 L L L M 1 L L L L 1 L L " L | L
50 55 60 65 70
Age at follow—up (y)
B: 5-14 cigarettes per day
2.0
N
e
I}
(&)
©
o
o
Not city: ===s=s==
City ——
0.5 L M M M 1 L N L M 1 L L L N 1 L L " L | L
50 BB 60 65 70

Age at follow-up (y)

Fig. 1. The effect of vitamin E on the relative risk of common cold as a function of age at
follow-up. Participants smoking more (A) and less (B) are further divided into subgroups by
residential neighborhood. RR indicates the relative risk of colds between the vitamin E and placebo

arms. See Table 2 for the description of the statistical models. These versions were redrawn in 2014.
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