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ABSTRACT: An increase in prevalence of wheezing illness in the UK has coincided
with a reduction in the consumption of natural antioxidants, which may modulate the
lung's response to oxidant stress, limiting the expression of airway inflammation and
respiratory symptoms. The hypothesis that intakes and plasma levels of natural anti-
oxidants would be determinants of adult-onset wheezing illness was tested.

A nested case±control study was conducted in 94 cases with adult-onset wheeze and
203 controls aged 39±45 yrs identified in a 30-yr follow-up survey. Antioxidant intake
was measured by a food frequency questionnaire, and plasma and red cell measure-
ments of antioxidant status were obtained. Outcome measures were onset of wheeze
since age 15 yrs (ever wheeze) and wheeze occurring in the past 12 months (current
wheeze).

After adjusting for the effects of smoking, socioeconomic status, atopy, family his-
tory of atopic disease and total energy intake, intakes of vitamin E (odds ratio
(OR)=4.02 for low compared to high tertile of intake) and plasma levels of ascorbate
(OR=0.98 per unit) and a-tocopherol:triglyceride ratio (OR=0.34 per loge unit) were
inversely related to adult-onset wheeze. In analyses stratified by social class and
smoking, intakes of vitamin C and E and plasma levels of ascorbate and a-tocophe-
rol:triglyceride ratio were inversely related to current wheeze in the manual social
class and among current smokers. No independent associations of vitamin A, b-caro-
tene or total plasma antioxidant capacity were found.

The results support the hypothesis that deficiencies of vitamins C and E are associ-
ated with wheezing symptoms. Smokers in the manual social class are particularly
susceptible to these effects.
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The epithelial lining of the respiratory system, by virtue
of its large surface area and its roles in gas exchange and
host defence, is vulnerable to oxidant damage [1]. The tox-
icity of oxidants, which are directly inhaled or generated
through inflammatory processes such as the response to
allergen, is normally balanced by the protective activity of
an array of endogenous antioxidant defence systems which
may be functionally dependent on an adequate supply of
nutritional antioxidants. A dramatic rise in the prevalence
of wheezing illnesses among young people occurred in
Britain in the period 1960±1990 [2, 3] during which a
reduction in intake of foods which contain natural antioxi-
dants occurred [4]. It has been postulated that these events
may be causally associated, a reduction in antioxidant
intake leading to the development of wheezing illness in
susceptible individuals exposed to oxidants or allergens
[5]. Epidemiological evidence is accruing to indicate that
low intake of antioxidant nutrients such as vitamins C, E
and A may be associated with reduced lung function [6±9]
and chronic respiratory symptoms [10, 11]. In a popula-
tion with seasonal symptoms, an inverse association bet-

ween vitamin C intake and bronchial reactivity has been
reported [12]. High vitamin E intake was found to have a
protective effect against the onset of asthma in adult life in
a national cohort of nurses in the USA [13].

To investigate further the hypothesis that deficiencies in
nutritional antioxidants may be independent determinants
of adult-onset wheeze, a group of cases and controls de-
rived from a cohort of middle-aged subjects who were id-
entified first as children in a random community survey in
1964 were studied. Diet was assessed by means of a food
frequency questionnaire (FFQ) and blood levels of nutri-
tional antioxidants, total antioxidant enzyme activity and
indices of free-radical-mediated damage were measured.
This paper describes the relationships of these factors to the
presence of adult-onset wheeze.

Methods

Subjects

A nested case±control study among participants in a 30-
yr follow-up survey was conducted in the Grampian Re-
gion of Scotland. Subjects had originally been identified in
1964 by a random one in five sample of all children aged
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10±14 yrs who were then in primary school in the city of
Aberdeen. Among the 2,511 children whose parents were
interviewed in 1964, 121 were classified as having had
asthma, 167 as having had wheeze in the presence of upper
respiratory infections, and 2,223 as having had no res-
piratory symptoms [14]. The outcome in middle age (i.e.
age 34±40 yrs) for the 288 symptomatic subjects, together
with 167 comparison subjects randomly selected from
those who were asymptomatic as children has been rep-
orted [15, 16]. The remaining 2,056 individuals, now aged
39±45 yrs, who had no childhood wheeze were sought to
contact. Among the 1,542 respondents to a follow-up
postal survey, 177 (11.5%) reported adult-onset wheeze,
defined as a positive response to the question "Have you
ever had attack of wheezing or whistling in the chest on or
after age 15 yrs?" [17]. In a nested case±control study
involving all 117 cases with adult-onset wheeze who lived
locally and 277 controls randomly selected from among
the respondents with no wheeze who lived locally, adult-
onset wheeze was associated with low socioeconomic sta-
tus, current smoking, positive atopic status and positive
family history of atopic disease [18]. The present study
addresses the role of nutritional factors in these subjects.
Ethical approval was obtained from the Grampian Health
Board and the University of Aberdeen Joint Ethical Com-
mittee and all participants gave written informed consent.

Protocol

Cases and controls were contacted in random order over
a seven-month period from April to October 1995. Infor-
mation about respiratory symptoms, smoking habit, fam-
ily history of atopic disease and occupation was obtained
by interview and height and weight were measured. Sub-
jects were asked to complete a self-administered FFQ,
developed and validated in Scottish populations, which
enquired about the usual frequency of consumption of all
major food types over the previous year and about the use
of vitamin supplements [19]; questionnaires were checked
for completeness.

Measurement of atopy. Skin sensitivity to house dust
mite (Dermatophagoides pteronyssinus), cat hair and
mixed grass pollens with 50% glycerine negative control
(Dome/Hollister-Stier, Spokane, WA, USA) was esti-
mated by skin-prick tests [20]. A positive test was de-
fined as a wheal diameter of 3 mm or more greater than
the negative control measured 10 min after inoculation
[16]. Venous blood samples of 10 mL were taken for
allergen-specific and total immunoglobulin (Ig)E. Spe-
cific IgE tests for house dust mite, cat and mixed grass
pollen were performed by a standard radioallergosorbent
test (RAST) technique (Phadiotop; Pharmacia Diagnos-
tics, Milton Keynes, UK). RAST results for individual
allergens were defined as positive when the RAST class
was one or greater (i.e. $0.35 IU.mL-1) and negative
when the RAST response was zero (i.e. <0.35 IU.mL-1).
Skin and specific IgE tests were expressed as positive if
at least one antigen showed a positive result. Total IgE
was determined by paper radioimmunosorbent test
(Pharmacia Diagnostics) [16] and levels >120 IU.mL-1

were considered as positive.

Analytical methods for blood samples. Blood was
withdrawn from the antecubital vein of each subject into
ethylenediaminetetraacetic acid (EDTA)-treated and plain
tubes, stored immediately at 48C and processed within
12 h of collection. Subjects were asked to avoid taking
fruit and fruit juice for 6 h prior to blood sampling.
Prior to processing, EDTA tubes were rolled for a
minimum of 5 min. Blood was centrifuged (1,5006g,
48C, 15 min), plasma was removed and the red cells
were washed three times in iso-osmotic phosphate-buf-
fered saline (PBS) (50 mM, pH 7.4) and resuspended to
the original volume. Plasma for vitamin C (ascorbate)
analysis was diluted with 10% (w/v) metaphosphoric
acid and stored with the remaining plasma and red
blood cells at -708C. Erythrocyte susceptibility to per-
oxidation was determined in 100 mL fresh washed, re-
suspended red cells diluted with 900 mL PBS containing
2 mM sodium azide. The cells were incubated with
1.5% hydrogen peroxide for 1 h at 378C, after which
the reaction was stopped by the addition of 1 mL 20%
trichloroacetic acid. The remaining suspensions were
frozen slowly with 2% butylated hydroxytoluene to
-708C prior to final analysis. Haemoglobin concentra-
tions were determined using the cyanmethaemoglobin
method. Plasma concentrations of vitamin A (retinol),
vitamin E (a-tocopherol), and b-carotene were deter-
mined by nor-mal phase high-pressure liquid chromato-
graphy (HPLC) [21] using a Spherisorb 5 mm silica
column (Alltech, Carnforth, UK) with hexane and 1,4-
dioxan as the mobile phase. Concentrations were deter-
mined by reference to external standards. Plasma ascor-
bate concentration was measured using an enzymatic,
colorimetric assay based on the method of BEUTLER [22]
and adapted for the Roche Cobas Fara autoanalyser (F.
Hoffman-La Roche & Co. Ltd., Basle, Switzerland).
Plasma total cholesterol and triglycerides were analysed
on the Roche Cobas Fara autoanalyser using kits from
Roche and Sigma (Sigma, Dorset, UK). Total radical-
trapping antioxidant parameter (TRAP) expressed as
Trolox equivalent antioxidant capacity (TEAC) was
measured in plasma using a commercially available kit
[23] (Randox Laboratories, Co Antrim, UK). Concen-
trations of lipid peroxides in plasma were estimated with
a test kit [24] (Bioxytech, Bonneuil Sur Marne Cedex,
France). This method was also used to measure the ex-
tent of erythrocyte susceptibility to peroxidation in vitro
in the previously frozen suspensions. Cytosolic glutath-
ione peroxidase activity was determined using hydrogen
peroxide as substrate by the coupled method of PAGLIA

and VALENTINE [25], where one unit of glutathione pe-
roxidase is defined as that which oxidizes 1 mole of
reduced nicotinamide adenine dinucleotide phosphate
(NADPH).min-1 in the assay system at pH 7.6 with 5
mM reduced glutathione (GSH), and modified for use
on the Roche Cobas Fara autoanalyser.

Data analysis

Social class, based on the subject's own occupation, was
defined as manual or non-manual using the 1991 UK
Standard Occupational Classification. Atopic status was
expressed as a cumulative variable, summing the positive
measures. For family history of atopic disease, each
occurrence of asthma, eczema or hayfever in parents and
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siblings was counted and a variable categorized as no
affected, one affected and more than one affected relative.

Mean energy intake to calculated basal metabolic rate
ratios were calculated to identify possible bias in reported
intakes [26]. Daily intakes of specific nutrients were esti-
mated by multiplying the frequency of consumption by
standard portion sizes [27] and by the nutrient content of
the food items using data from the UK National Nutrient
Databank [28]. Intake from supplements was included in
the estimates. The nutrient intake values were adjusted for
total energy intake by the nutrient residuals technique [29]
and classified into tertiles based on the distribution of
intake among all subjects [30]. Natural log transformed
values for the dietary antioxidants and total energy were
used to compare intakes between cases and controls and to
calculate correlations between dietary and plasma values.
The ratio of a-tocopherol to triglycerides was calculated to
adjust for postprandial changes in a-tocopherol and trig-
lyceride levels; natural log transformed values were used in
the analyses.

Statistical analysis was carried out using SPSS1 6.0
(SPSS Inc., Chicago, IL, USA) and STATA1 Release 4
(Stata Corporation, College Station, TX, USA). Correla-
tions between dietary and plasma values were tested by
partial correlation analysis, adjusting for total energy in-
take, body mass index (BMI; calculated as weight (kg)
divided by height (m) squared), sex and smoking. For the
fat soluble vitamins (A, E and b-carotene), partial correl-
ation analyses were also adjusted for the effects of lipids
(i.e. triglycerides and cholesterol). Intakes and blood
values were compared between cases and controls by two-
sample t-tests and analysis of covariance. The association
of wheeze with antioxidant intakes, blood levels and pot-
ential confounding variables was assessed by logistic reg-
ression analysis. Potential misclassification arising from
systematic over- or under-reporting of total intake was
accounted for, including adjustment for total energy intake
in the models [29]. The independent effects of antioxidant
nutrients were estimated among all cases with adult-onset
wheeze between age 15 and 45 yrs ("ever" wheeze) ac-
cording to the prior postal survey [17] and among cases
with wheeze in the past 12 months ("current" wheeze) at
interview. In view of the potential for intercorrelation
between social class, smoking and nutrient intakes, strat-

ified analyses were performed by class and smoking habit.
The goodness of fit of the logistic regression models was
assessed using the test described by HOSMER and LEME-

SHOW [31]. An adequate fit was obtained for all models
reported in this paper.

Results

Of the 394 subjects who were identified as potentially
eligible for the case±control study, 14 individuals (4 cases
and 10 controls) had recently moved away from the Gram-
pian Region. Complete interview, atopy and intake data
were obtained from 297 (78%) (including 94 (83%) cases
and 203 (76%) controls) of the remaining 380 subjects
with whom contact was established. Blood samples were
obtained from 280 (74%) subjects including 86 (76%)
cases and 194 (73%) controls. Cases and controls who par-
ticipated did not differ from those who refused to par-
ticipate in terms of sex, smoking habit or social class. At
interview, 13 control subjects reported that they had dev-
eloped wheezing symptoms since responding to the postal
survey; these individuals were excluded from the analysis
where current wheeze was the outcome.

The mean ratios of energy intake to basal metabolic rate
were 1.40 (SD 0.48) for males and 1.46 (SD 0.41) for fe-
males. Dietary intake values were significantly correlated
with plasma levels for vitamin C (r=0.42, p#0.001), vita-
min E (r=0.34, p#0.001) and b-carotene (r=0.26, p#
0.001) but not for vitamin A.

Daily energy, total fat and antioxidant vitamin intakes of
cases and controls are shown in table 1. Dietary and sup-
plemental sources were included in the antioxidant intake
values. Vitamin supplements, containing single or multi-
ple antioxidant nutrients, were being taken daily (one
subject took supplements every third day) by a total of 35
(12%) subjects (16 cases and 19 controls). Compared
with control subjects, cases derived a greater proportion
of their energy intake from fats. Cases had significantly
lower intakes of vitamin C and higher intakes of vitamin
A compared with controls. There were no significant
differences between the groups with regard to total energy
intake, b-carotene and vitamin E. The corresponding
plasma concentrations of antioxidants and fats are shown

Table 1. ± Distribution of reported daily nutrient intakes, including supplemental sources, (mean�SD (median)) among cas-
es and controls

Nutrient
Number of

supplement users (n=35)
Median of low
(high) tertiles

Cases
(n=94)

Controls
(n=203)

Significance

Energy 1610 (2807) 2314�757 2185�721 p=0.146*
kcal (2225) (1993)
Total fat 29 (40) 36.04�6.40 33.87�6.29 p=0.006*
% energy intake (35.62) (34.21)
Vitamin A mg 28 439 (1568) 1132�741 922�628 p=0.024{

(1000) (780)
b-carotene mg 4 1053 (2853) 2018�1335 2012�1117 p=0.220{

(1782) (1800)
Vitamin C mg 20 51.35 (171.05) 106.66�76.01 126.30�116.91 p=0.018{

(85.7) (97.6)
Vitamin E mg 33 5.79 (7.93) 7.85�4.25 12.05�47.18 p=0.108{

(7.12) (6.88)

*: between group comparisons were made using t-tests; {: between group comparisons were made with analysis of covariance using
loge values of the nutrients including adjustment for loge of energy intake.
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in table 2, together with total plasma antioxidant capacity,
measurements of lipid peroxidation and red cell total
glutathione. Plasma concentrations of b-carotene and
ascorbate were significantly lower in cases compared to
controls. Although plasma a-tocopherol concentration
did not differ between groups, a-tocopherol:triglyceride
ratio, accounting for postprandial variation, was sig-
nificantly lower in cases than controls, reflecting the
higher plasma triglyceride concentration observed in
cases. Despite significantly lower plasma concentrations
of these major antioxidant nutrients, TEAC values, in-
dicative of total plasma antioxidant capacity, were similar
between cases and controls, as were levels of lipid
peroxidation. The susceptibility of erythrocytes to in vitro
hydrogen peroxide-induced lipid peroxidation was also
similar between groups, as was activity of cytosolic glu-
tathione peroxidase.

The associations between adult onset wheeze and pot-
ential confounding factors are summarized in table 3. Sex
was not related to wheeze. The risk of wheeze increased
with lower socioeconomic classification, current smok-

ing, positive atopic status and a family history of atopic
disease.

Table 4 shows the association of wheeze with levels of
antioxidant intake. Odds ratios (OR) and 95% confidence
intervals (CI) are given relative to the highest tertile of
intake. The independent effects of each antioxidant vit-
amin were assessed with adjustment for energy intake and
for the effects of sex, socioeconomic status, smoking
habit, atopic status and family history. Vitamin E intake
was inversely associated with current wheeze and there
was a significant trend in the OR with decreasing levels of
vitamin E. Simultaneous adjustment for vitamin C did not
appreciably alter the risk estimates for vitamin E. Exclu-
sion of social class from the model resulted in significant
inverse associations of vitamin C with current wheeze
and of vitamin E intake with ever wheeze. No relations of
vitamin A or b-carotene with risk of wheeze were found.

Table 5 shows the association of wheeze with plasma
measurements of antioxidant vitamins and lipids, includ-
ing adjustment for potential confounding factors. Sig-
nificant inverse associations were seen for ascorbate

Table 2. ± Distribution of plasma and erythrocyte concentrations (mean�SD (median)) among cases and controls

Cases (n=86) Controls (n=194) Significance*

Plasma
Retinol mmol.L-1 3.65 (1.17) 3.46 (0.87) p=0.133
b-carotene mmol.L-1 0.41 (0.34) 0.53 (0.43) p=0.023
Ascorbate mmol.L-1 39.77 (21.66) 50.67 (24.74) p<0.001
a-tocopherol mmol.L-1 27.03 (6.51) 26.02 (7.21) p=0.267
Total cholesterol mmol.L-1 5.27 (1.12) 5.07 (1.01) p=0.141
Triglycerides mmol.L-1 1.91 (1.15) 1.55 (1.03) p=0.010
a-tocopherol:triglyceride ratio loge 2.79 (0.48) 2.98 (0.53) p=0.004
Trolox equivalent antioxidant capacity mmol.L-1 1.70 (0.24) 1.71 (0.24) p=0.777
Lipid peroxidation mmol.L-1 6.85 (3.12) 7.24 (3.31) p=0.351

Erythrocytes
Glutathione peroxidase unit.gHb-1 41.56 (14.19) 40.04 (11.40) p=0.341
Erythrocyte lipid peroxidation mmol.L-1 247.03 (81.90) 246.54 (66.92) p=0.958

Hb: haemoglobin. *: between group comparisons were made using t-tests.

Table 3. ± Associations between adult onset wheeze and potential risk factors

Cases (n=94)
n (%)

Controls (n=203)
n (%)

Crude OR
(95% CI)

Mutually adjusted
OR (95% CI)

Sex
Male 41 (44) 87 (43) 1.0 1.0
Female 53 (56) 116 (57) 0.97 (0.59±1.59) 1.04 (0.60±1.82)

Socioeconomic status
Nonmanual 36 (38) 122 (60) 1.0 1.0
Manual 58 (62) 81 (40) 2.43 (1.47±4.01) 2.41 (1.37±4.26)

Smoking habit
Never-smoked 28 (30) 95 (47) 1.0 1.0
Former smoker 24 (25) 49 (24) 1.66 (0.87±3.17) 1.62 (0.80±3.28)
Current smoker 42 (45) 59 (29) 2.42 (1.35±4.31) 2.05 (1.08±3.91)

Atopic status
No measures positive 33 (38) 98 (50) 1.0 1.0
Only one measure positive 16 (18) 37 (19) 1.28 (0.63±2.60) 1.35 (0.63±2.90)
Two measures positive 24 (28) 46 (23) 1.55 (0.82±2.91) 1.39 (0.70±2.78)
Three measures positive 14 (16) 16 (8) 2.60 (1.15±5.89) 2.92 (1.18±7.23)

Family history of atopy
No family history 40 (44) 131 (67) 1.0 1.0
One affected 26 (29) 45 (23) 1.89 (1.04±3.44) 1.84 (0.97±3.46)
More than one affected 25 (27) 19 (10) 4.31 (2.15±8.62) 4.81 (2.29±10.09)

OR: odds ratio; CI: confidence interval.
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concentrations and a-tocopherol:triglyceride ratio. High-
er plasma triglyceride levels were independently asso-
ciated with increased risk. In general, the relationships
were more significant when the analyses were performed
with current wheeze as the outcome. Analysis based on
natural log-transformed values or quantiles of the plasma
measurements did not alter the interpretation of the results
presented.

Due to the potential for intercorrelation between social
class, smoking habit and nutrient intake, stratified analyses

were carried out to examine whether there were interac-
tions of social class and smoking with vitamin C and E
intakes and plasma levels. The independent associations of
vitamin C and E intakes with current wheeze differed by
social class (table 6). Although an inverse association of
vitamin C and E intake with current wheeze was noted in
both cases, the effect was significant only in the manual
class. The analysis for plasma levels of vitamins C, a-
tocopherol:triglyceride ratio stratified by social class sho-
wed a similar pattern (table 7).

The independent associations of vitamin C and E intake
with current wheeze also differed by smoking habit (table
8), the only significant relationship being among current
smokers. The analyses in the small smoking categories
produced wide CIs. The analyses for plasma levels of
ascorbate and a-tocopherol:trigyceride ratio stratified by
smoking habit showed a similar pattern (table 9).

Discussion

The aim of this study was to test the hypothesis that
lower antioxidant intakes and lower plasma antioxidant
concentrations are associated with adult-onset wheezing
illness. These results showed that intakes of vitamin E and
plasma levels of vitamin C and a-tocopherol:triglyceride
ratio were inversely related to adult-onset wheeze even
after adjustment for other established risk factors. In
analyses stratified by social class and smoking, intakes of
vitamin C and E and plasma levels of a-tocopherol:
triglyceride ratio were inversely related to current wheeze
only in the manual worker social class and among current
smokers. The importance of vitamin C and E intake in
wheezing illness among manual workers and smokers may
be explained, in part, by the tendency of these groups to

Table 5. ± Association between plasma concentrations
and adult onset wheeze

Odds ratio (95% CI)* per unit

All cases
(n=86)

Cases with current
wheeze (n=59)

Retinol 1.29 (0.95±1.74) 1.32 (0.94±1.86)
p=0.100 p=0.113

b-carotene 0.35 (0.12-1.01) 0.66 (0.30±1.45)
p=0.306 p=0.053

Ascorbate 0.99 (0.97±1.00) 0.98 (0.96±0.99)
p=0.055 p=0.017

a-tocopherol 1.03 (0.99±1.07) 1.03 (0.99±1.08)
p=0.105 p=0.135

Triglycerides 1.43 (1.08±1.89) 1.56 (1.12±2.18)
p=0.013 p=0.008

a-tocopherol: 0.45 (0.24±0.83) 0.34 (0.16±0.72)
triglyceride ratio (loge) p=0.010 p=0.004

*: odds ratio per unit derived from logistic regression analyses
are adjusted for smoking habit (never, former, current), atopy
(none, any one, any two or all three measures positive), family
history (none, one or more than one affected relative), social
class (nonmanual, manual) and sex (male, female). CI: con-
fidence interval.

Table 4. ± Associations between wheezing and reported intake of antioxidant nutrients

All cases (n=94) Cases with current wheeze (n=66)

Tertile of intake Proportion of
cases (controls)

OR (95% CI)*
p-value

Proportion of
cases (controls)

OR (95% CI)*
(p-value)

Vitamin A mg
High 37 (32) 1.0 40 (32) 1.0
Middle 38 (31) 1.11 (0.57±2.14) 36 (32) 0.94 (0.44±2.04)
Low 25 (37) 0.58 (0.29±1.18) 24 (36) 0.59 (0.26±1.33)

(p=0.144) (p=0.212)
b-carotene mg
High 32 (34) 1.0 32 (35) 1.0
Middle 33 (34) 0.93 (0.47±1.82) 32 (34) 0.93 (0.42±2.03)
Low 35 (32) 0.88 (0.45±1.75) 36 (31) 0.89 (0.40±1.94)

(p=0.719) (p=0.761)
Vitamin C mg
High 28 (36) 1.0 23 (37) 1.0
Middle 31 (35) 1.12 (0.56±2.21) 29 (34) 1.28 (0.55±2.98)
Low 41 (29) 1.45 (0.71±2.97) 48 (29) 2.06 (0.88±4.82)

(p=0.341) (p=0.090)
Vitamin E mg
High 27 (36) 1.0 27 (38) 1.0
Middle 29 (36) 1.03 (0.51±2.09) 26 (36) 1.06 (0.45±2.49)
Low 44 (28) 1.93 (0.79±4.72) 47 (26) 4.02 (1.30±12.42)

(p=0.186) (p=0.031)

*: odds ratio (OR) derived from logistic regression analyses are for lower compared with upper tertile including adjustment for smoking
habit (never, former, current), atopy (none, any one, any two or all three measures positive), family history (none, one or more than one
affected relative), social class (nonmanual, manual), sex (male, female) and total energy intake. CI: confidence interval.
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have lower intakes of antioxidants, greater oxidant ex-
posure and higher metabolic turnover of antioxidants [32±
35]. It has previously been shown by this group that the
relationship between social class and adult onset wheeze
may be partially explained by greater cigarette exposure in
the manual class [17]. The stratified analysis identified
groups of subjects who, owing to the interrelationships of
various lifestyle factors including diet, smoking and en-
vironmental or occupational exposures common to the
manual worker social class, may be particularly susceptible
to wheezing illness in adulthood.

The results of the present study are consistent with these
findings with respect to bronchial reactivity in a separate
population [12] and add support to accumulating epide-
miological evidence that intakes of vitamins C and E may
have important effects on the respiratory system. Respira-
tory symptoms [10], diagnoses of asthma or chronic bron-
chitis [10] and impaired lung function [9] have been found
to be related to low dietary fruit and fruit juice intake.
While factors associated with fruit consumption other than
vitamin C intake may have contributed to these findings,
other studies which have quantified vitamin C intakes have
reported positive associations with lung function in general
populations in the UK [6] and the USA [8]. Wheezing in
the previous year was inversely associated with serum

vitamin C, but not dietary vitamin C, in data from an
American general population [11].

In comparison with vitamin C, fewer studies have ev-
aluated the relationship of vitamin E to pulmonary
symptoms. In our study, lower vitamin E intake and lower
plasma a-tocopherol:triglyceride ratios were associated
with increased risk of wheeze. Although the lower plasma
a-tocopherol:triglyceride ratio in cases reflects their higher
triglyceride concentration compared with controls, the fact
that tocopherol concentration will normally mirror in-
creases in triglyceride level [36] suggests that a lower plas-
ma a-tocopherol:triglyceride ratio is indicative of poorer
vitamin E status. Moreover, standardizing tocopherol with
triglyceride-rich lipid in the plasma is more relevant to
expression of values measured in nonfasted samples since
it reflects postprandial changes in both the vitamin and the
lipid. Other studies of vitamin E have provided conflicting
results. In a random population survey of British adults
which found a relationship between reported vitamin E
intake and lung function, no independent effect was evi-
dent after accounting for vitamin C intake [6]. In that study,
the magnitude of vitamin E estimates may have been
diminished by the measurement error associated with the
FFQ which, although adapted from a previously validated
questionnaire, had not itself been validated. Another study
showed no difference in plasma vitamin E between chil-
dren with asthma and controls [37]. However, in an elderly
British population, reduced intake of vitamin E was as-
sociated with poorer lung function, even after controlling
for vitamin C [38] and in a large prospective American
study of nurses, a protective effect of dietary vitamin E
against adult-onset asthma was observed [13].

The biological effects of vitamins C and E are likely to
be closely related. Together, ascorbate and a-tocopherol
play a central role in endogenous antioxidant defence sys-
tems. The D-a-tocopherol homologue of vitamin E is the
most biologically potent lipophilic antioxidant in humans,
and accounts for ~90% of the vitamin E present in tissues
[39]. It scavenges intermediate peroxyl radicals as a result
of which phenoxyl radicals of a-tocopherol are formed.
Kinetic studies demonstrate an intracellular interaction
between vitamin E and vitamin C whereby the membrane-
bound oxidized vitamin E is regenerated non-enzymically

Table 6. ± Associations between current wheezing (i.e. wheezing in the previous year) and reported intakes of vitamins C
and E by social class

Manual (n=120) Nonmanual (n=136)

Tertile of intake Proportion of
cases (controls)

OR (95% CI)*
(p-value)

Proportion of
cases (controls)

OR (95% CI)*
(p-value)

Vitamin C
High 14 (29) 1.0 41 (43) 1.0
Middle 27 (36) 2.19 (0.57±8.44) 32 (32) 0.83 (0.25±2.71)
Low 59 (35) 4.19 (1.08±16.22) 27 (25) 1.44 (0.38±5.48)

(p=0.034) (p=0.693)
Vitamin E
High 16 (33) 1.0 50 (41) 1.0
Middle 25 (32) 1.72 (0.44±6.71) 27 (40) 0.54 (0.15±1.90)
Low 59 (35) 6.59 (1.36±31.89) 23 (19) 2.91 (0.46±18.46)

(p=0.019) (p=0.658)

*: odds ratio (OR) derived from logistic regression analyses are for lower compared with upper tertile including adjustment for smoking
habit (never, former, current), atopy (none, any one, any two or all three measures positive), family history (none, one or more than one
affected relative), sex (male, female) and total energy intake. CI: confidence interval.

Table 7. ± Associations between current wheezing (i.e.
wheezing in the previous year) and plasma concentrations
of vitamins C and E by social class

Odds ratio (95% CI)* per unit

Manual
(n=112)

Nonmanual
(n=128)

Vitamin C 0.98 (0.95±1.00) 0.98 (0.95±1.00)
p=0.091 p=0.110

a-tocopherol: 0.20 (0.06±0.61) 0.57 (0.20±1.62)
triglyceride ratio (loge) p=0.005 p=0.290

*: odds ratio per unit derived from logistic regression analyses
are adjusted for smoking habit (never, former, current), atopy
(none, any one, any two or all three measures positive), family
history (none, one or more than one affected relative), social
class (nonmanual, manual) and sex (male, female). CI: con-
fidence interval.
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by ascorbate at the membrane cytosol interface [40]. The
biological requirements for vitamin E and vitamin C
depend in part on the level of exposure to exogenously and
endogenously produced reactive oxygen species. Any
synergism between a-tocopherol and ascorbic acid will
be dependent on their relative concentrations in body fluids
and tissues. In addition to a reduction in intake, the lower
plasma a-tocopherol status of cases in the present study
may reflect a preferential mobilization of vitamin E tow-
ards tissues with the greatest requirement, e.g. the lungs.
The level of vitamin E in the lungs of animals chronically
exposed to smoke has repeatedly been shown to be 2±3
times higher than in the lungs of controls, which may
reflect increased uptake and/or mobilization from body
stores [41]. In animal models, regulation of vitamin E
uptake by pulmonary tissues is believed to be controlled by
the extent of exposure to oxidative stress. A similar reg-
ulation of vitamin C uptake might be postulated in humans,
in whom alveolar macrophages of smokers have a higher
total ascorbate content and an enhanced ability to ac-
cumulate ascorbate in vitro [42]. A study on human
neutrophil ascorbate accumulation reinforces the hypoth-
esis that maintenance of high intracellular ascorbate con-
centration at the expense of plasma ascorbate preserves the
reducing potential of the cell [43]. The findings of this
study could be explained by enhanced a-tocopherol and
ascorbate uptake by oxidatively stressed tissue resulting in
lower plasma ascorbate concentrations in cases. In the

present study, no independent associations for vitamin A or
b-carotene or total plasma antioxidant capacity were found,
again suggesting that the mechanism may be specific to
vitamins E and C rather than a general antioxidant effect.

A further question raised by this study is whether or not
the higher fat intakes and plasma lipid levels among the
cases compared with controls may themselves have a
direct influence on the risk of wheezing illness. Possible
links between lung disease and fat intake may depend not
only on the total amount of fat intake, but also on its nature.
A relationship between high total fat intake and bronchial
hyperresponsiveness has previously been observed in a
different population to the present study [12]. BLACK and
SHARPE [44] have proposed that the increase in asthma in
recent years may be attributed to a change in the pattern of
dietary polyunsaturated fatty acid (PUFA) intake with an
increase in consumption of 6 PUFAs, such as linoleic acid,
and a decrease in v-3 PUFAs, such as linolenic acid, pro-
moting allergic sensitization. Others have suggested that a
high intake of dietary v-3 fatty acids, as fish oils, protects
against smoking-related chronic obstructive pulmonary
disease (COPD) [45] and high oily fish consumption has
also been associated with reduced asthma prevalence in
children [46]. However, the effects may be relatively weak
[11] and as BRITTON [47] has pointed out, it is possible that
confounding by higher intake of antioxidant vitamins such
as vitamin C in association with fish may explain the
observed relationships.

Table 8. ± Associations between current wheezing (i.e. wheezing in the previous year) and reported intakes of vitamins C
and E by smoking habit

Current smoker (n=88) Former smoker (n=60) Never smoker (n=108)

Tertile of intake Proportion of
cases (controls)

OR (95% CI)*
(p-value)

Proportion of
cases (controls)

OR (95% CI)*
(p-value)

Proportion of
cases (controls)

OR (95% CI)*
(p-value)

Vitamin C
High 14 (32) 1.0 21 (43) 1.0 41 (36) 1.0
Middle 26 (26) 3.06 (0.65±14.39) 36 (37) 1.06 (0.15±7.39) 29 (36) 0.31 (0.06±1.52)
Low 60 (42) 4.68 (1.05±20.92) 43 (20) 5.35 (0.59±48.43) 29 (28) 0.44 (0.08±2.52)

(p=0.049) (p=0.161) (p=0.322)
Vitamin E
High 17 (36) 1.0 36 (46) 1.0 41 (35) 1.0
Middle 23 (10) 2.69 (0.54±13.49) 28 (41) 0.70 (0.10±4.73) 29 (37) 0.38 (0.08±1.70)
Low 60 (34) 27.53 (3.56±213.10) 36 (13) 1.01 (0.05±22.36) 29 (28) 1.25 (0.17±9.38)

(p=0.002) (p=0.889) (p=0.760)

*: odds ratio (OR) derived from logistic regression analyses are for lower compared with upper tertile including adjustment for atopy
(none, any one, any two or all three measures positive), family history (none, one or more than one affected relative), social class
(nonmanual, manual), sex (male, female) and total energy intake. CI: confidence interval.

Table 9. ± Associations between current wheezing (i.e. wheezing in the previous year) and plasma concentrations of vit-
amins C and E by smoking habit

Relative risk: adjusted odds ratio (95% CI)* per unit

Current smoker
(n=79)

Former smoker
(n=56)

Never-smoker
(n=105)

Vitamin C 0.95 (0.92±0.98) 0.99 (0.96±1.03) 1.02 (0.98±1.05)
p=0.003 p=0.608 p=0.345

a-tocopherol:triglyceride ratio (loge) 0.29 (0.09±0.94) 0.18 (0.03±1.06) 1.36 (0.31±5.98)
p=0.039 p=0.058 p=0.686

*: odds ratios per unit derived from logistic regression analyses are adjusted for atopy (none, any one, any two or all three measures
positive), family history (none, one or more than one affected relative), social class (nonmanual, manual) and sex (male, female). CI:
confidence interval.
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Potential limitations of the present study include the case
definition used, possible inaccuracies in intake estimates
and the difficulty of determining temporal relationships
between intakes and symptoms. Cases were defined based
on self-reported wheeze rather than specific clinical or
diagnostic labels. It is believed, however, that the broad
case definition is informative and valid and that use of a
more restricted definition such as doctor diagnosed asthma
or COPD would be associated with several limitations.
These include concurrent diagnoses of more than one
obstructive airways disease [48], diagnostic bias in relation
to perceived risk factors [49, 50], underdiagnosis of cha-
racteristic symptoms [49, 51] and under-reporting of diag-
noses by subjects [52]. The accuracy of intake estimates
can be considered in relation to the other findings of the
present study. In this population, the mean energy intake to
basal metabolic rate ratios were >1.35, the cut-off con-
sidered to be the lowest value for habitual energy intake
compatible with life [26]. In addition, the intake values for
vitamins C, E and b-carotene correlated significantly and at
levels established in the literature [53] with corresponding
blood concentrations, demonstrating the ability of the
questionnaire to reflect variation in diet in this population.
These findings suggest that the intake values were not
unduly affected by under-reporting bias and support the
validity of the questionnaire as a measure of antioxidant
intake. It was not possible to establish the temporal rel-
ationship between the nutrient exposure and the occur-
rence of wheeze in this study. Intake was evaluated in the
preceding year, while the relevant exposure in the dev-
elopment of wheeze is likely to be more long-term. There
is a possibility that subjects may have changed their dietary
or supplemental intake when they developed symptoms,
thus influencing the diet±disease relationship. Positive
associations between vitamins C and E from supplements
and adult-onset wheeze were reported in the study of Am-
erican nurses and this appeared to be explained by the
nurses initiating use of supplements with onset of symp-
toms [13]. The proportion of cases and controls taking
supplements in this study was comparable with that rep-
orted in other British populations [32].

It is concluded that vitamin C and E consumption in
adulthood is inversely associated with adult-onset wheeze,
the effect being important in the manual social class and
among current smokers. A specific role for these vitamins
is supported by plasma measurements and the lack of re-
lationship of wheeze to total antioxidant capacity. Under-
standing the relationships between diet, socioeconomic
status and smoking habit may permit the formulation of
strategies for prevention and thus contribute to a reduction
in the risk of wheezing illness in highly susceptible groups.
Future work is required to elaborate the mechanisms of the
response and to establish whether similar patterns are seen
in children in whom the prevalence of wheezing illnesses
has undergone a dramatic increase.
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