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SUMMARY

Background: A protective role of dietary vitamin E intake on disorders related to the immune system, such as allergic diseases, has been sug-
gested. However, results from epidemiological studies are conflicting.

Objectives: The aim of present study was to analyze whether dietary vitamin E intake is related to the prevalence of allergic sensitization and
total serum IgE concentrations in adult subjects.

Methods: The present study population consisted of 366 adults aged 29 to 54 years participating in the German centers of the European Com-
munity Respiratory Health Survey (ECRHS) Il, Erfurt and Hamburg. A validated food frequency questionnaire was used to gather information on
dietary vitamin E intake. Total serum IgE concentrations and specific IgE to common allergens were analyzed by using the Pharmacia CAP System.
Allergic sensitization was defined as specific serum IgE concentration 20.35 kU/I.

Results: The risk for allergic sensitization was substantially decreased in the middle quartiles (aOR: 0.42; 95% CI: 0.22-0.81) and the highest
quartile (aOR: 0.22; 95% Cl: 0.08-0.60) of total dietary vitamin E intake, after adjustment for potential confounders. Total serum IgE concentration
was not statistically significantly associated with dietary vitamin E intake.

Conclusions: The findings of this study suggest that dietary vitamin E intake might play a protective role in the development of allergic sensi-
tization.
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INTRODUCTION experimental studies in animals and humans, the potential biologi-
cal mechanisms of vitamin E on IgE production are mainly those
Recent research on the etiology of the increasing prevalence exerted on T helper cell differentiation and on regulatory functions
rates of asthma and allergy also considers dietary factors thatare in eicosanoid production. In vitro, vitamin E increases T helper 1
typical for a western lifestyle. Among the changing composition  (Th1) cytokine secretion and inhibits T helper 2 (Th2) cytokine
of the diet during the past decades, a decreased intake of fresh fruit  secretions (15, 16). Vitamin E also reduces interleukin-4 (IL-4)
and vegetables were discussed to play a role in the development  secretion in human peripheral blood T-cells in a dose dependent
of allergic sensitization and allergic diseases (1-3). Vitaminand manner (17). As IL-4 promotes the production of IgE antibod-
antioxidant deficiency has mainly been thought to underlie these ies by B—cells, it is one of the key cytokines in the development
observations. One focus was put on the intake of vitamin E as  of allergic inflammation. Furthermore, an inhibitory effect of
epidemiological studies were demonstrating beneficial associa- vitamin E on the activity of cyclooxygenase, a major enzyme
tions between dietary vitamin E intake and hay fever (4), wheeze  for eicosanoid synthesis, particularly arachidonic acid-derived
(5-7) and asthma (8-10). However, supplementation with differ-  prostaglandin E, (PGE,), has been reported (18). In turn, PGE,
ent forms of vitamin E was often not effective in clinical trials has been implicated in shifting the balance of Th1/Th2 cells and
(11, 12). Therefore, the interest on the potential role of dietary their cytokines towards a Th2 profile (19). Overall, evidence from
vitamin E on allergy manifestation has diminished rapidly. Given experiments suggests that vitamin E might be protective against
that the presence of elevated serum levels of immunoglobulin E  the development of allergic sensitization.
(IgE) are known to be fundamental to type | allergic reactions Accordingly, Fogarty etal. (20) reported that higher concentra-
and can be synthesised even before clinical symptoms occur, it tions of vitamin E intake were associated with lower serum IgE
might be worthwhile to pay more attention to early markers of  concentrations and a lower frequency of allergic sensitization. In
allergy such as IgE. contrast, other studies measuring dietary vitamin E intake (21) or
While great attention has been paid to the antioxidative capac-  plasma concentrations of vitamin E (22, 23) did not find any effect
ity of vitamin E in the past (13, 14), based on the findings from  on sensitization. Although there is some indication that vitamin
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Table 1. Characteristics of the study population (ECRHS II)*

Men (N=186) Women (N=180)

n % n %
Study center
Erfurt 92 49.5 92 51.1
Hamburg 94 50.5 88 48.9
Age group
30-39 years? 67 36.0 65 36.1
40-49 years 77 414 74 41.1
50-54 years 42 22.6 41 22.8
Occupation
Employed 132 71.0 134 744
Self-employed 33 17.7 8 4.4
Non-employed 21 11.3 38 211
Smoking status
Current smoker 61 32.8 46 25.6
Former smoker 74 39.8 58 322
Never smoker 51 274 76 42.2
Physical Activity (hours/week)
Inactive (0) 59 317 72 40.2
Semi-active (0.5-3) 90 48.4 93 52.0
Active (24) 37 19.9 14 7.8

"European Community Respiratory Health Survey ||
2Two individuals with age 29 years

E might reduce IgE concentrations, findings are conflicting and
consequently the potential benefit of vitamin E intake still needs
to be clarified.

Therefore, the aim of present study was to analyze the as-
sociation of dietary vitamin E intake with allergic sensitization
and total serum IgE concentration in a population-based sample
of adult subjects.

MATERIAL AND METHODS

Study Subjects and Study Design

The present study is based on subjects participating in the
German part of the European Community Respiratory Health
Survey (ECRHS) Il. The population sample comprised adults
aged 29 to 54 years from the German cities Hamburg and Erfurt.
Study design and population sampling have been described in
detail elsewhere (24). In brief, subjects taking part in ECRHS |
in 1991-1992, were re-contacted for the follow-up in 2000-2001.
Actotal of 1,216 subjects (75.3%) of the 1,615 subjects invited to
the study agreed to participate. The remaining 399 subjects either
could not be traced (n=247), refused further participation (n=28),
moved out of the area (n=110) or died (n=14). The follow-up in-
cluded an extensive interviewer administered questionnaire, lung
function measurement and blood sampling for IgE analysis. In
addition, a subsample of 390 subjects completed a food frequency

questionnaire (FFQ). Present analysis is restricted to 366 subjects
with complete data on diet, total and specific IgE.

The study protocol was approved by the local ethics com-
mittees.

Dietary Assessment

Information on dietary intake was gathered by means of a
validated semiquantitative FFQ (25-27) including 158 food
items, which was originally designed for the German part of the
European Prospective Investigation into Cancer and Nutrition
(EPIC-Heidelberg). Nutrient intake data were calculated from
the food intake data based on the German Food Composition
Tables BLS Version 1.3 (Bundeslebensmittelschlissel, Bg VV,
Berlin, Germany, 1999).

Blood Samples

Blood samples were collected for the measurement of serum-
specific IgE and total IgE using the Pharmacia CAP System
(Pharmacia Diagnostics, Uppsala, Sweden). Serum samples were
stored at -20 °C and then transferred to a central laboratory in
London, where they were tested for specific IgE to house dust
mite, grass, cat, Cladosporium and total IgE. Allergic sensitiza-
tion was defined as specific serum IgE concentration >0.35 kU/I
(RAST class >1) against at least one of the tested allergens.
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Table 2. Vitamin E, vitamin C and energy intake in the study population

Men (N=186) Women (N=180)

Intake GM! GSD? Q1 Q2 Q3 GM! GSD? Q1 Q2 Q3
Vitamin E (mg/d) 9.3 14 74 9.1 11.9 8.1 14 6.4 7.9 10.0
Vitamin E (mg/1,000 kcal) 3.7 13 32 37 43 43 1.3 3.7 43 5.0
Vitamin C (mg/d) 103 16 74 95 133 107 1.6 78 108 148
Energy (kcal/d) 2,520 14 1,995 2,457 3,079 1,862 14 1,501 1,840 2,240
Fat energy (% of energy intake) 907 15 714 894 1,169 684 14 532 676 856

'Geometric mean

2Geometric standard deviation

Statistical methods RESULTS

Sex-specific quartiles were calculated for total and energy-ad-
justed vitamin E (a-tocopherol) intake in mg/d and mg/1,000 kcal,
respectively. Multiple logistic regression analyses were applied
to estimate the association between dietary intake of vitamin E
and allergic sensitization and total serum IgE concentration, re-
spectively. To transfer total serum IgE concentration into a binary
outcome variable, arbitrarily selected cut-off points at 100 kU/I
and 180 kU/I were used. Odds ratios (OR) with corresponding
95% confidence intervals (CI) were computed for the combined
second and third quartile (Q2—-Q3) and the highest quartile (Q4)
of vitamin E intake compared to the first quartile (Q1). The as-
sociations were adjusted for an a priori selected set of confound-
ers including study center, sex, age group, occupation, smoking
status and physical activity. Furthermore, we calculated a model
additionally adjusted for vitamin C intake, and one additionally
adjusted for vitamin C and fat energy intake.

All computations were performed using the statistical analysis
package SAS for Windows version 9.1 (SAS Institute, Cary, NC,
USA). Two-sided p-values <0.05 were considered statistically
significant in all analyses.

Basic characteristics of the study population are presented in
Table 1. About half of the subjects lived in Erfurt, while the other
half lived in the study area of Hamburg. The mean age of men
and women was 43.0 and 42.7 years, respectively. Participants
of both sexes were mainly employed, but less women than men
were self-employed. Men were also more likely smokers or for-
mer smokers compared to women. High physical activity defined
as being active for at least 4 hours per week seemed to be more
prevalent in men compared to women.

The geometric mean (GM) of total vitamin E intake was
9.3 mg/d in men and 8.1 mg/d in women, but energy-adjustment
showed that vitamin E density was slightly higher in females
than in males (Table 2). Total vitamin C intake did not differ
substantially between male and female subjects. Total energy
intake was higher in men compared to women, but the percent-
age of energy derived from fat intake was similar in both sexes
with about 36%.

The prevalence of allergic sensitization according to sex-spe-
cific quartiles of vitamin E intake is shown in Table 3. The risk

Table 3. Prevalence of allergic sensitization in relation to vitamin E intake in the study population

Allergic sensitization*
Men (N=186) Women (N=180)

Intake? n/N % n/N %
Vitamin E (mg/d)

Q1 21/46 457 16/45 35.6

Q2-Q3 32/94 34.0 23/90 25.6

Q4 11/46 23.9 10/45 22.2
Vitamin E (mg/1,000 kcal)

Q1 16/46 348 18/45 40.0

Q2-Q3 33/94 351 21/90 23.3

Q4 15/46 326 10/45 222

'At least one specific IgE =0.35 kU/I
2Sex-specific quartiles
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Table 4. Total IgE serum concentration in relation to vitamin E intake in the study population

Total IgE (kU/)
Men (N=186) Women (N=180)

Intake? GM? GSD? GM* GSD?
Vitamin E (mg/d)

Q1 50.9 30 35.1 4.1

Q2-Q3 429 39 326 35

Q4 436 4.0 29.1 40
Vitamin E (mg/1,000 kcal)

Q1 477 38 38.2 35

Q2-Q3 51.2 37 313 38

Q4 324 33 28.9 38

'Sex-specific quartiles
2Geometric mean
3Geometric standard deviation

for allergic sensitization continuously decreased with increasing
total vitamin E intake in both men and women. For energy-ad-
justed vitamin E intake, the association was less clear. The geo-
metric mean of total serum IgE concentration was 44.9 kU/I and
32.2 kU/I in men and women (data not shown), respectively. In
women, the lowest vitamin E or energy-adjusted vitamin E intakes
were associated with the highest total IgE concentration (Table
4). This relationship was not observed in men.

Results of the logistic regression models are shown in Table
5 and Table 6. Total vitamin E intake in the highest quartile was
inversely associated with allergic sensitization in the crude model.
After adjustment for study center, sex, age group, occupation,
smoking status and physical activity, the magnitude of the as-
sociation was not substantially altered. However, when vitamin

C intake was additionally included in the model, risk estimates
strongly decreased. Further adjustment for fat energy intake did
not substantially alter the effect estimates. The results for energy-
adjusted vitamin E intake were similar but not as strong as for
total vitamin E intake before and after controlling for potential
confounders. There were no consistent significant associations
found between vitamin E intake and total serum IgE concentration
(Table 6). Although the odds of serum IgE concentration greater
than 100 kU/I seemed to decrease from the lowest to the highest
quartile of vitamin E intake, it did, however, not reach statistical
significance. Similar results were obtained when the cut-off point
was set at 180 kU/I (data not shown).

Table 5. Crude and adjusted logistic regression results describing the association between quartiles of vitamin E intake and

allergic sensitization? in the study population

Q1 Q2-Q3 Q4
Intake OR OR (95% ClI) OR (95% Cl)
Vitamin E (mg/d)
OR? 1.00 0.62 (0.37-1.05) 0.44 (0.23-0.83)¢
aoR® 1.00 0.56 (0.33-0.97) 0.40 (0.21-0.77)¢
aOR* 1.00 0.47 (0.26-0.86)° 0.26 (0.12-0.60)°
aoOR® 1.00 0.42 (0.22-0.81)¢ 0.22 (0.08-0.60)¢
Vitamin E (mg/1,000 kcal)
OR? 1.00 0.70 (0.41-1.18) 0.64 (0.34-1.19)
aoR? 1.00 0.64 (0.36-1.11) 0.51 (0.26-1.00)
aOR* 1.00 0.61 (0.34-1.10) 0.48 (0.23-0.98)¢
aoR® 1.00 0.58 (0.32-1.04) 0.39 (0.18-0.83)¢

At least one specific IgE =0.35 kU/I
2Crude odds ratios

30dds ratios adjusted for study area, sex, age group, occupation, smoking status, physical activity
“Odds ratios adjusted for study area, sex, age group, occupation, smoking status, physical activity and vitamin C intake
*0dds ratios adjusted for study area, sex, age group, occupation, smoking status, physical activity, vitamin C intake and fat energy intake

&p <0.05
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Table 6. Crude and adjusted logistic regression results describing the association between quartiles of vitamin E intake and

total IgE serum concentration® in the study population

Q1 Q2-Q3 Q4

Intake OR OR (95% Cl) OR (95% Cl)
Vitamin E (mg/d)

OR? 1.00 0.78 (0.43-1.44) 1.00 (0.50-1.99)

aOR?® 1.00 0.84 (0.45-1.57) 1.05(0.52-2.12)

aOR* 1.00 0.72 (0.36-1.44) 0.68 (0.28-1.66)

aOR® 1.00 0.57 (0.27-1.23) 0.48 (0.16-1.41)
Vitamin E (mg/1,000 kcal)

OR? 1.00 1.12 (0.61-2.07) 0.81 (0.39-1.69)

aoR® 1.00 1.09 (0.58-2.06) 0.78 (0.36-1.68)

aOR* 1.00 0.96 (0.49-1.87) 0.60 (0.26-1.40)

aORs 1.00 0.96 (0.49-1.87) 0.59 (0.25-1.40)

15100 kU/I

2Crude odds ratios
30dds ratios adjusted for study area, sex

, age group, occupation, smoking status, physical activity

40dds ratios adjusted for study area, sex, age group, occupation, smoking status, physical activity and vitamin C intake
50dds ratios adjusted for study area, sex, age group, occupation, smoking status, physical activity, vitamin C intake and fat energy intake

DISCUSSION AND CONCLUSIONS

The findings of this study suggest dietary intake of vitamin E is
inversely associated with allergic sensitization in adults. However,
there was no statistically significant association between vitamin
E intake and total IgE serum concentration.

These observations are similar to those reported by Fogarty et
al. (20), who investigated the relationship between dietary vitamin
E intake and serum IgE concentration and atopy, measured by skin
prick test (SPT), in a random sample of 2,633 adults aged 18-70
years. Higher concentrations of vitamin E intake were associated
with lower serum IgE concentrations and a lower frequency of
allergic sensitization in this study. Another cross-sectional study
did not detect any association between dietary vitamin E intake
and atopy assessed by SPT (21).

Considering that allergic diseases are frequently characterized
by raised serum IgE concentrations and sensitization to common
allergens, our results are indirectly supported by previous epide-
miological studies reporting beneficial associations of dietary
vitamin E intake with clinical manifestations of allergy, asthma
and asthma-related phenotypes (4-10). Some of these studies
have investigated the effect of prenatal exposure to vitamin E
on eczema (6, 7), wheezing (6-8) and asthma (8) in childhood.
Recently, Martindale et al. (7) reported that maternal vitamin E
intake during pregnancy is negatively associated with wheezing
in the absence of a cold and eczema in the offspring during the
first two years of life. Further follow-up of the cohort showed
that low maternal vitamin E intake during pregnancy was also
associated with persistent wheezing and persistent asthma up to 5
years of age (8). More evidence is provided by Litonjua et al. (6),
who demonstrated an inverse association between maternal intake
of vitamin E during pregnancy and wheezing but not eczema in
2-year-old children. More evidence is provided by cross-sectional
studies. Within the framework of the Nurses’ Health Study, it has

been reported that the incidence of asthma was negatively associ-
ated with dietary vitamin E intake (10). Women in the highest
quintile of vitamin E intake from diet had a 47% lower risk for
asthma than had women in the lowest quintile. However, vitamin
E intake from supplements seemed to be related to an increased
asthma risk in this study. The authors suggested that this asso-
ciation is probably due to asthmatic women who started to take
vitamin supplements after the onset of symptoms. Furthermore,
they demonstrated that exclusion of dietary vitamin E intake from
nuts and peanut butter attenuated this association. The authors
considered a possible bias due to asthmatic subjects avoiding
food allergens. Dietary vitamin E intake in relation to hay fever
risk has been investigated in the EPIC-Heidelberg cohort using
data from 334 cases and 1,336 controls (4). A decreased risk of
hay fever with increasing vitamin E intake has been described, by
using the identical FFQ as in present study. Further cross-sectional
studies have demonstrated negative associations between dietary
vitamin E intake and adult-onset wheeze (5) and childhood asthma
(9) and one did not detect any association with asthma or atopy
(21). Some authors studied tocopherol plasma concentrations as
a marker of vitamin E bioavailability in relation to atopy. In this
way, increasing blood concentrations of vitamin E were associated
with a slightly reduced risk of allergic sensitization assessed by
SPT in a large US study population (23). However, in a German
cross-sectional study, allergic sensitization assessed by specific
IgE measurement was negatively associated with plasma y-to-
copherol, but not with plasma a-tocopherol (28).

Several possible limitations of the study need to be considered.
One weakness of the study is due to the cross sectional design as
dietary intake and serum IgE concentrations were measured at the
same point in time. Allergic sensitization is thought to be primed
in early childhood and is potentially followed by clinical mani-
festations of allergic diseases later in life. However, longitudinal
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analyses have demonstrated changes in specific IgE antibody con-
centrations over time (29). Therefore, we speculate that vitamin E
intake during the last 12 months prior to the blood measurement
may contribute to differences in serum IgE concentrations and
allergic sensitization observed between study participants. Un-
fortunately, the number of subjects in our study was too small to
study asthma and hay fever. To verify the cause-effect relation-
ship of our findings, longitudinal studies should be conducted.
We also cannot completely rule out that the assessment of dietary
vitamin E intake is afflicted with some measurement error due
to lacking information on vitamin supplementation. As random
misclassification of intake would tend to attenuate associations,
it is unlikely that misclassification bias has lead to spurious as-
sociations. Reverse causation is a further potential source of bias.
Reverse causation might be only a problem in symptomatic sub-
jects. However, when excluding subjects with hay fever or asthma
from the analysis, the protective effect of high intake of vitamin
E remained. In addition, the food frequency questionnaire used
in present study has already been validated by comparison with
24-hour dietary recall in a pilot study in the German part of the
EPIC cohort (25). The adjusted correlation coefficient of dietary
vitamin E intake between both instruments was 0.45 and thus in an
acceptable range compared to other nutrients. Thus, estimates of
vitamin E intake derived from FFQ seem to reflect habitual intake
over a large period satisfactorily. In attempt to reduce the effect
of confounding bias, associations were adjusted for the covariates
study center, sex, age group, occupation, smoking status, physical
activity, vitamin C intake and fat energy intake. The odds ratios
were substantially lowered when vitamin C intake was included
in the model, which indicates confounding by vitamin C intake.
Although testing for interaction between vitamin E and vitamin
C was not statistically significant, a possible synergistic effect of
vitamin E with other nutrients, which has been demonstrated in
vivo (30) and in vitro (31), should not be ignored. However, ef-
fect estimates for the crude association between vitamin C intake
and allergic sensitization and total IgE concentration were not
statistically significant.

In conclusion, present study provides further evidence for a
beneficial effect of dietary vitamin E intake on allergic sensitiza-
tion. However, prospective studies should be performed to verify
the cause-effect relation.
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BOOK REVIEW

I. W. Sherman

The Power of Plagues

ASM Press, American Society for Microbiology: Washington, DC, 2006. IX + 431 pages. Format 175 x 257 mm. Binding: hardcover.
Price USD 39.95, ISBN 1-55581-356-9

The editor is affiliated with the Department of Biology, Uni-
versity of California, Riverside, Ca. It is stated in the preface by
the author, that plagues are a dramatic unfolding of events; they
are stories of discovery, reaction, conflict, illness and resolution.
This book was written to make the science of epidemic diseases
— plagues — accessible and understandable. It is a guide through
the maze of contagious diseases, their past importance, the means
by which we came to understand them, and how they may affect
our future. We can ask, why did historians neglect the significance
of epidemic diseases. The answer may be, that it was overlooked
because the older records of deaths from disease were so imper-
fect that the scale and importance were lost. These views were to
change rather quickly: drug-resistant tuberculosis emerged as a
worldwide threath, and there were outbreaks of Ebola, hantavirus
pulmonary syndrome, and SARS (severe acute respiratory syn-
drome). In the summer of 1999, an outbreak of West Nile virus
(WNV) caused illness in 62 people and 7 died. This took place in
New York City, not in Africa. By 2003 spread by infected birds,
was present throughout the United States. Clearly, in a very short
time, all of us began to apreciate that epidemic diseases was not
a thing of our past. Learning about how infectious diseases have
shaped our past has proven to be an exciting and enlightening
experience for the author, he hopes that readers of this book also
find that to be true.

The volume is arranged into 17 chapters presenting indi-
vidual, independent plague stories. Special attention is given to
the nature of plagues, the plagues in antiquity, a modern plague:
AIDS, malaria, king cholera, smallpox, the great pox syphilis,
tuberculosis, leprosy, plagues in Africa (sleeping sickness, river
blindness, Guinea worm, schistosomiasis), plagues outside of

Africa (yellow fever, hookworm). Further on, examined are
plagues without germs (pellagra, the white rice plague, beriberi,
scurvy) and others.

In addition, the appendix gives a survey of cells and viruses.
In the living world the fundamental unit is the cell. A cell may be
defined as a standard of biological activity, bounded by a mem-
brane, and able to reproduce independently of any living systems.
Viruses, smaller than bacteria, but all have the basic structure:
an outer coat and a central core of double-stranded nucleic acid,
either RNA or DNA. All viruses are parasitic; however, in some
cases, there is not evidence of injury to the host. Following
chapter comprises an overview of general works on disease and
history. A list of relevant primary and secondary literature sources
is presented here in separated notes. The volume is extensively
illustrated by black-and-white figures depicting unique historical
events or clinical and pathological conditions, pathogenic agents,
line-dravings and schematic diagrams.

The Power of Plagues presents a fascinating examination of
epidemic diseases within a historical context. It provides insight
into the struggle to attain diseases control and eradication and
explores the challenge of forecasting emerging plagues. Despite of
advancements in the development of antimicrobials and vaccines
and securing clean water and food supplies, modern civilizations
are not immune to epidemic diseases.

This volume offers readers a deeper understanding of modern
public health issues and the role of infectious diseases. Among
other topics, professor Sherman is known as editor of a remarkable
and rather unique monograph Molecular Approaches to Malaria.
For review see CEJPH No. 4/\ol. 16, December 2008, p. 160.
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85





