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ABSTRACT: Low antioxidant levels and oxidative stress due to airway inflammation may be

important determinants of asthma severity. The objective of the present study was to determine

whether lower antioxidant intake and plasma antioxidant concentrations are associated with more

severe asthma.

Dietary antioxidant intakes and asthma severity were assessed using questionnaires, and

plasma concentrations of ascorbic acid, vitamin E, carotenoids, bilirubin, albumin, uric acid and

total antioxidant status were measured in 53 mild-to-moderate and 28 severe asthmatic patients

and in 43 nonasthmatic subjects.

Vitamin C and carotene intakes were lower in males than females and were particularly low in

males with severe asthma. Plasma ascorbic acid was lower in severe (31.9¡3.6 mM) compared

with mild-to-moderate asthmatic (52.3¡2.6) or control subjects (52.7¡2.9). Low plasma ascorbic

acid (odds ratio (OR) 0.93; 95% confidence interval (CI) 0.9–0.97), bilirubin (OR 0.69; 95% CI 0.51–

0.93) and increased plasma cholesterol (OR 1.98; 95% CI 1.05–3.73) were independently

associated with severe asthma. Albumin was positively and cholesterol negatively correlated

with lung function.

Low plasma concentrations of specific antioxidants are associated with more severe asthma.

Increased antioxidant intake may help reduce the burden of severe asthma, particularly in males.
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O
ne of the factors contributing to more
severe asthma may be an increased
susceptibility to the effects of reactive

oxygen species (ROS) generated by inflammatory
cells recruited into the lungs [1]. The potentially
damaging effects of oxidative stress are normally
limited by antioxidants that scavenge ROS in the
respiratory tract lining fluid [2]. However, low
dietary intakes of antioxidant vitamins or
reduced synthesis of nondietary antioxidants
such as albumin, bilirubin, glutathione peroxi-
dase and uric acid are likely to result in an
oxidant-antioxidant imbalance that exacerbates
chronic inflammation and tissue damage in
severe asthma [1].

The increasing prevalence of asthma in Western
societies has been associated with dietary
changes that have led to decreased intakes of
vitamins A, C and E [3, 4]. Epidemiological
studies have shown associations between low
dietary antioxidant intakes, reduced lung func-
tion and increased respiratory symptoms [5–8].
While studies of associations between dietary

antioxidant intake and respiratory disease are
clearly important, measurements of blood or
tissue antioxidant levels are also necessary for a
better understanding of the potential influences
of disease severity, treatments and environmental
and lifestyle factors other than diet. Previous
studies have shown lower total antioxidant
capacity in patients with asthma [9], lower
plasma concentrations of ascorbic acid and b-
carotene in subjects with self-reported wheeze
[10], and low glutathione peroxidase activity and
serum selenium concentrations in asthmatic
patients have previously been observed [11].

Although dietary factors and antioxidants
are likely to influence asthma severity [11, 12],
the clinical characteristics of the patients
have not been well defined in many previous
studies, precluding any assessment of the rela-
tionship between disease severity, diet and
antioxidant levels. Importantly, possible associa-
tions between asthma severity and nondietary
antioxidants such as albumin, bilirubin and uric
acid have not been investigated. Therefore, the
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aim of the present study was to compare dietary antioxidant
intakes, the plasma concentrations of specific dietary
and nondietary antioxidants and plasma total antioxidant
capacity in large groups of carefully defined mild-to-
moderate or severe asthmatic patients and healthy control
subjects.

METHODS
Subjects
Asthmatic patients were recruited from the Asthma and
Allergy Research Institute and Sir Charles Gairdner Hospital
(both Nedlands, Western Australia) databases and the study
was approved by the Human Research Ethics Committee, at
Sir Charles Gairdner Hospital (Perth, Australia). These
institutions treat patients with mild to severe asthma from
the entire Perth metropolitan area. All patients had a previous
physician diagnosis of asthma and were categorised as having
severe asthma if they met at least four of seven criteria, which
were modifications of the National Asthma Education and
Prevention Program, Expert Panel Report II guidelines [13].
The criteria were as follows: 1) b2-agonist use o3 times per
day, most days in the previous 3 months; 2) regular inhaled
corticosteroid use o1,000 mg?day-1 in the previous 3 months; 3)
use of oral corticosteroids within the last 12 months; 4) hospital
admission for asthma in the previous 12 months; 5) o3
unplanned visits to a general practitioner in the previous 12
months due to asthma exacerbations; 6) daily asthma symp-
toms including cough, wheeze, chest tightness and breath-
lessness when asthma was unstable in the previous 3 months;
and 7) nocturnal awakening due to asthma symptoms o2
times per week in the last 3 months. All patients were studied
at a time when their asthma was stable and the severity
categorisation was designed to reflect their background long-
term baseline asthma status.

In order to recruit a nonasthmatic control subjects from a
comparable population, letters inviting subjects to participate
were mailed to addresses randomly selected from the Perth
metropolitan telephone directory. Control subjects completed a
brief questionnaire relating to their general health status.
Recruitment of asthmatic and control subjects was completed
within 6 months. The smoking status of all subjects was
ascertained, forced expiratory volume in one second (FEV1)
was measured and atopic status was assessed by skin-prick
testing to six common aeroallergens. A wheal diameter
o3 mm was considered a positive reaction. Since asthma
severity and diet are both associated with socioeconomic status
(SES), the subjects were categorised into low, middle and high
SES groups using residential postcodes, which have previously
been shown to be a reasonably reliable indicator of SES in
Australia [14]. Table 1 shows the demographic characteristics
of the patients and control subjects and current drug usage for
the asthma patients is presented in table 2.

Food frequency questionnaire
A validated semi-quantitative food frequency questionnaire
(Questan; CSIRO Division of Human Nutrition, Adelaide,
Australia) [15] was administered by a trained dietician (J.
Brooks-Wildhaber). The intake of specific antioxidants was
computed from the reported frequency of consumption of
specified units of food and drink and published data on the

antioxidant contents of these foods. Information on the doses
and antioxidant contents of the variety of vitamin supplements
consumed by study participants was inadequate to permit
accurate quantification. Therefore, antioxidant intakes derived
from supplements were excluded from the estimates of dietary
antioxidant intake. However, major findings were confirmed

TABLE 1 Characteristics of asthmatic patients and control
subjects

Control

subjects

Mild-to-moderate

asthmatic

patients

Severe

asthmatic

patients

Subjects n 43 53 28

Age yrs, mean¡SD 46.7¡10.8 46.8¡13.6 46.5¡11.9

Female 24 (56) 34 (64) 20 (71)

BMI kg?m-2 25.0¡0.7 25.3¡0.8 30.1¡1.6#

Total fat intake

% of energy

30.1¡1.1 31.4¡0.9 33.6¡1.0*

Atopic** 24 (56) 47 (89) 21 (75)

FEV1 % predicted 102.1¡2.0 87.7¡2.2 67.4¡4.1

Current smoker" 5 (11.6) 1 (1.9) 4 (14.3)

Taking vitamin

supplements"

20 (46.5) 25 (47.2) 6 (21.4)

Socioeconomic

status"

High 29 (67) 36 (68) 10 (37)

Middle 6 (14) 11 (21) 10 (37)

Low 8 (19) 6 (11) 7 (26)

Data are presented as mean¡SEM, n or n (%) unless otherwise stated. BMI:

body mass index; FEV1: forced expiratory volume in one second. *: p,0.05

compared with control subjects; **: p,0.01; #: p50.002 compared with control

subjects and mild-to-moderate asthmatics; ": p,0.05 by Chi-squared analysis.

FEV1 differed significantly among the three groups, p,0.001.

TABLE 2 Current drug usage in asthmatic patients

Mild-to-moderate

asthmatic

patients

Severe

asthmatic

patients

Oral corticosteroid# 0 9 (32)***

Inhaled corticosteroid 35 (66) 25 (89)*

Inhaled corticosteroid dose mg?day-1" 933.7¡130.8 2,380¡222.4+

Short acting b2-agonist 34 (64) 27 (96)*

Long acting b2-agonist 8 (15) 18 (64)***

Anti-cholinergic 1 (2) 9 (32)***

Theophylline 2 (4) 7 (25)*

Cromone 1 (2) 4 (14)

Hospital admissions ever 22 (42) 26 (93)***

Hospital admissions past year 2 (4) 13 (46)***

Data are presented as mean¡SEM or n (%) unless otherwise stated. #: oral

corticosteroid use at time of blood sampling; ": beclomethasone equivalent

dose. *: p,0.05, ***: p,0.001 by Chi-squared analysis; +: p,0.001 compared

with mild-to-moderate asthmatics by an unpaired t-test.
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by performing sub-analyses after exclusion of vitamin supple-
ment users.

Plasma antioxidant measurements
Fasting blood samples were taken for measurement of ascorbic
acid, a-tocopherol, retinol, b-carotene, a-carotene, lycopene,
bilirubin, uric acid, albumin and total cholesterol in the Dept of
Clinical Biochemistry, PathCentre (Nedlands, Western
Australia). Retinol, a-tocopherol and carotenoids were
extracted into hexane and analysed by reverse-phase HPLC
with UV detection at 325, 280, 474 and 456 nm, using a-
tocopherol acetate as an internal standard [16]. Ascorbic acid in
deproteinised plasma samples was separated and quantified
by reverse-phase HPLC using external standards (0–227 mM).
Ascorbic acid measurements were not corrected for recovery,
which was ,90%. The inter-analysis precision coefficients of
variation were 5.4%, 3% and 3.5% for ascorbic acid, a-
tocopherol and retinol, respectively. Bilirubin, uric acid,
albumin and total cholesterol were measured using enzymatic
methods on an automated biochemistry analyser.

For the Trolox equivalent antioxidant capacity (TEAC) assay
[17], heparinised blood was centrifuged and the plasma stored
at -80 C̊ until assayed within 2 weeks, using total antioxidant
status kits according to the manufacturer’s instructions
(Randox Laboratories, Crumlin, UK). The assay was standar-
dised using the water soluble vitamin E analogue, Trolox, with
antioxidant capacities calculated as millimoles of Trolox
equivalent per litre of plasma.

Data analysis and statistics
Dietary antioxidant intakes were adjusted for total energy
intake (mg per 1000 kcal per day) to control for variations in
body size, physical activity and metabolic efficiency [18].
Plasma vitamin E concentrations were adjusted for lipid status
by expression as the ratio vitamin E/total cholesterol [19].
Differences between mean values were assessed for statistical
significance by analysis of variance followed by the Tukey or
Bonferroni multiple comparison tests. Sex differences in
plasma antioxidant concentrations were assessed by unpaired
t-tests. The Mann-Whitney U-test was used to compare dietary
antioxidant intakes, which were not normally distributed.
Pearson correlation coefficients were determined, except when
correlating plasma antioxidant levels with dietary intakes,
when Spearman’s correlation was used. Multivariate logistic
regression was used to identify significant independent
predictors for severe asthma, and multiple linear regression
was used to analyse the relationship between lung function
and plasma antioxidant concentrations. To reduce possible
confounding vitamin supplement use, smoking and SES were
included as covariates in the regression analyses.

RESULTS
Demographic characteristics of asthmatic and control
subjects
The age and sex distributions of the control, mild-to-moderate
and severe asthmatic subjects were similar, but body mass
index (BMI) and total fat intake were greater in severe
asthmatics and they were more likely to belong to the low
and middle socioeconomic groups (p,0.05, table 1). There
were more current smokers among the severe asthmatics and
control subjects than among the mild-to-moderate asthmatics

(p50.03). The patients were clearly differentiated into those
with mild-to-moderate or severe asthma, as demonstrated by
the mean data for FEV1, medication use and hospital
admissions (tables 1 and 2).

Dietary antioxidant intake
Intakes of vitamins C, E, A and carotene did not
differ significantly among mild-to-moderate asthmatics,
severe asthmatics and control subjects. The mean energy
intake of males (2,760¡294 kcal?day-1) was significantly
higher than that of females (2,059¡76 kcal?day-1; p50.005),
but after adjustment for total energy intake, vitamin C
and carotene intakes were lower in all males compared
with all females and also in severe asthmatic males compared
with females (fig. 1). Furthermore, male patients with severe
asthma had lower vitamin C intakes when compared with
both male and female mild-to-moderate asthmatic and
control subjects. There were no sex differences in intakes
of vitamins A or E. For all subjects, dietary intake of vitamin C
was correlated with plasma ascorbic acid concentration
(r50.41; p,0.001) and carotene intake was correlated
with plasma b-carotene (r50.29; p50.001) and a-carotene
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FIGURE 1. Intakes of a) vitamin C, and b) carotene in males (h) and females

(&) in the different subject groups. Antioxidant intakes were corrected for total

energy intake and bars show median values with interquartile ranges. Vitamin C

intake in severe asthmatic males was significantly less than that of both male

(p,0.05) and female (p,0.002) control subjects and mild-to-moderate asthmatics.

**: p,0.01; ***: p,0.001; #: p,0.02.
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concentrations (r50.33; p,0.001). Consumption of vitamin
supplements was more frequent among mild-to-moderate
(47.2%) than severe asthmatics (21.4%, p50.03).

Plasma concentrations of dietary antioxidants
Plasma ascorbic acid was significantly lower in severe
(31.9¡3.6 mM) compared with mild-to-moderate asthmatic
(52.3¡2.6) or control subjects (52.7¡2.9; fig. 2). Sub-analyses
indicated that these differences were significant even after
exclusion of vitamin supplement users or current smokers
(data not shown). Since vitamin E concentrations were strongly
correlated with total cholesterol (r50.57; p,0.001), the values
were adjusted in order to assess biologically functional vitamin
E concentrations [19]. Lipid adjusted vitamin E concentrations
in severe (6.4¡0.2 mmol mmol-1 cholesterol) and mild-to-
moderate asthmatic patients (6.6¡0.2) were significantly lower
than in control subjects (7.4¡0.4; p,0.05). These differences
were significant even after excluding current smokers from the
analysis. Plasma ascorbic acid and vitamin E concentrations
did not differ significantly in severe asthmatic patients who
were using oral corticosteroids (n59) compared with those
who were not (n519). Plasma vitamin A, b-carotene, a-
carotene and lycopene concentrations did not differ signifi-
cantly among the groups.

Plasma concentrations of nondietary antioxidants
Plasma bilirubin and albumin concentrations were lower,
whereas total cholesterol concentration was higher in
patients with severe asthma (fig. 2). Bilirubin, albumin and
cholesterol concentrations were not different in severe asth-
matic patients currently using oral corticosteroids compared
with those who were not. There were no significant differences
in plasma uric acid concentrations or TEAC, but these
parameters were strongly correlated with each other (r50.6;
p,0.001).

Sex differences in plasma antioxidant concentrations
Plasma ascorbic acid concentration was significantly lower
in all males (39.9¡3.1 mM) compared with all females
(52.3¡2.2; p,0.002), and also in males compared with
females in both the control and severe asthmatic groups
(fig. 3a). Importantly, for both males and females, severe
asthmatics had lower ascorbic acid concentrations compared
with mild-to-moderate asthmatic and control subjects. Even
after exclusion of vitamin supplement users, ascorbic acid
was lower in all males compared with all females, and in
severe compared with mild-to-moderate asthmatic males and
females (data not shown). In contrast, TEAC and uric acid
concentrations were higher in male compared with female
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FIGURE 2. Plasma concentrations of a) ascorbic acid, b) bilirubin, c) albumin and d) cholesterol in control subjects (n543) and patients with mild-to-moderate (n553) or

severe asthma (n528). Horizontal bars indicate mean values. *: p,0.05; ***: p,0.001; #: p,0.02; ": p,0.005.
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control and mild-to-moderate asthmatic subjects (fig. 3b).
There were no sex differences in the plasma concentrations
of other antioxidants.

Association of plasma antioxidants with severe asthma and
lung function
Multivariate logistic regression indicated that lower plasma
ascorbic acid and bilirubin concentrations, low SES and higher
cholesterol concentration were independent predictors of
severe asthma (table 3). On univariate analysis, FEV1 %
predicted for all subjects was positively correlated with plasma
albumin, ascorbic acid and bilirubin, and negatively correlated
with cholesterol (fig. 4). Multiple linear regression analysis
indicated independent positive correlations of percentage
predicted FEV1 with plasma albumin and vitamin supplement
use, and a negative correlation with plasma cholesterol
(table 4).

DISCUSSION
Epidemiological studies suggest that decreased antioxidant
intake is associated with an increased prevalence of asthma
[3, 12], although it is not known whether it is also associated
with the development of more severe asthma. The present
study has identified low plasma ascorbic acid concentration

as an independent predictor of more severe asthma. The
difference in mean plasma ascorbic acid concentration of
,20 mM between severe and mild-to-moderate asthmatic
patients is likely to have biologically important consequences.
Previous studies have reported that an increase in plasma
ascorbic acid of similar magnitude is associated with a 20–
30 mL improvement in FEV1 in normal subjects [5, 20] and
with a 20% reduction in the risk of all-cause mortality [21].
Decreased plasma ascorbic acid in severe asthma may reflect
increased oxidative stress and an increased transfer of ascorbic
acid to the epithelial lining fluid of the lungs where it
scavenges reactive oxygen and nitrogen species [2].

Low ascorbic acid concentrations have previously been reported
in the serum of patients with asthma [22, 23] and adult onset
wheeze [10], and also in the respiratory tract lining fluid of mild
asthmatic patients [24]. Recent studies have also shown
associations between low serum ascorbic acid and increased
risk or prevalence of asthma among children and adolescents
[25, 26]. However, other studies have reported no differences in
bronchoalveolar lavage fluid or serum vitamin C concentration
in asthmatic compared with nonasthmatic children [27], and
serum ascorbate levels were not low in subjects with brittle
asthma [28]. In the only previous study that has investigated
plasma ascorbic acid in relation to asthma severity, no
association was found [29]. These conflicting results may be
partly explained by differences in the patients studied, or the
possibility of a stronger association between ascorbic acid and
asthma severity if there is also a deficiency of other antioxidants
such as selenium, as observed in the current authors’ previous
study of West Australian asthmatic patients [11].

Tobacco smoke, even when passively inhaled, decreases
plasma ascorbic acid [30], and differences in vitamin supple-
ment use between the groups may also potentially have
influenced the results. Although there were more smokers and
fewer supplement users among the severe asthmatic patients,
the number of smokers in all groups was small and lower
plasma ascorbate concentrations were associated with more
severe asthma even after exclusion of smokers or supplement
users. Therefore, confounding due to the effects of smoking or
vitamin supplement use is unlikely, and the present results
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FIGURE 3. Mean¡SEM of a) plasma ascorbic acid concentrations and b)

Trolox equivalent antioxidant capacity (TEAC) in male (h) and female (&) control

subjects (n543) and patients with mild-to-moderate (n553) or severe asthma

(n528). *: p,0.05; **: p,0.01; ***: p,0.001; #: p, 0.002.

TABLE 3 Logistic regression analysis of factors associated
with severe compared with mild-to-moderate
asthma

Odds ratio (95% CI)# Significance

Vitamin C mM 0.934 (0.898–0.972) p50.001

Socioeconomic status 0.282 (0.107–0.743) p50.01

Bilirubin mM 0.691 (0.514–0.929) p50.014

Total cholesterol mM 1.975 (1.045–3.732) p50.036

CI: confidence interval. #: indicates change in risk per unit of antioxidant or

category of socioeconomic status. The backward stepwise logistic regression

analysis included the following covariates in the model: age, sex, body mass

index, socioeconomic status (15low, 25middle and 35high, based on the

patient’s residential postcode), atopic and smoking status, vitamin supplement

use and the plasma concentrations of all antioxidants and cholesterol.
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suggest a real association between lower plasma ascorbic acid
concentrations and more severe asthma.

Lower plasma ascorbic acid and carotene concentrations in
males may reflect a particularly low intake of these nutrients,

with potentially deleterious consequences for males with
severe asthma. Although vitamin C intake was higher in
females with severe asthma, plasma levels were still low
suggesting that increased oxidative stress may not be fully
compensated even by a relatively adequate dietary antioxidant
intake. A less healthy diet, inadequate utilisation of medical
services and poorer treatment compliance may all have
contributed to the association between lower SES and more
severe asthma. Interestingly, recent studies have shown that
increased intakes of antioxidant containing foods, including
apples, pears, selenium and red wine may protect against
asthma [31, 32].

Supplementation with vitamin C may have beneficial effects
on lung function in asthmatic children [33], although a recent
trial found no additional clinical benefit from vitamin C in
patients with mild, well controlled asthma [34]. Nevertheless,
the results of the present study, together with recent evidence
that the beneficial effects of antioxidants may be influenced by
polymorphisms in the glutathione S-transferase gene [35],
indicate that there is a need for further trials of vitamin C
supplementation in patients with more severe asthma.

Low plasma concentrations of both ascorbic acid and vitamin E
in this and other studies [10, 24], support the possibility of a
physiological interaction between these antioxidants [36].
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FIGURE 4. Univariate correlations between lung function (forced expiratory volume in one second (FEV1) % pred) for all subjects and plasma concentrations of a)

ascorbic acid, b) bilirubin, c) albumin and d) cholesterol. Data were analysed using Pearson’s correlation coefficient (r). a) r50.30, p,0.001; b) r50.36, p,0.0001; c) r50.22,

p50.013; and d) r5-0.29, p50.001.

TABLE 4 Multiple linear regression analysis of factors
independently correlated with lung function

Regression

coefficient

(95% CI)

Standardised

regression

coefficient Significance

Albumin 1.93 (1.1–2.77) 0.363 p,0.001

Cholesterol -5.25 (-8.25–-2.25) -0.275 p50.001

Vitamin supplement use 8.27 (1.63–14.91) 0.196 p50.015

CI: confidence interval. The backward stepwise linear regression analysis with

forced expiratory volume in one second % predicted for all subjects as the

dependent variable included the following independent variables in the model:

age, sex, body mass index, socioeconomic status, atopic and smoking status,

vitamin supplement use and the plasma concentrations of all antioxidants and

cholesterol.
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Vitamin E also has roles in immunomodulation, signalling and
transcriptional regulation. Small decreases in the availability of
vitamin E could have important consequences in the lungs
[37], as suggested by studies showing beneficial effects of
increased vitamin E intake, particularly in children [33, 38, 39].
However, a recent placebo-controlled study of vitamin E
supplementation showed no evidence of clinical benefit in
asthma [40].

Albumin, the most abundant plasma protein, is an important
extracellular antioxidant regulating glutathione levels in lung
epithelial cells [41, 42]. Bilirubin protects albumin from
oxidative damage and acts in concert with vitamin E to inhibit
the oxidation of low density lipoprotein [43]. The potential
importance of these nondietary antioxidants is emphasised by
the current observations that plasma albumin correlated
positively with lung function, while plasma bilirubin was
inversely associated with severe asthma. Low plasma bilirubin
and albumin levels may influence asthma severity by
adversely affecting antioxidant capacity and the regulation of
lung epithelial cell glutathione content [42]. Plasma albumin
levels have also been reported to be lower in corticosteroid-
dependent asthmatic patients [44], possibly as a consequence
of disease activity or corticosteroid treatment. However, the
present data did not indicate an effect of current oral
corticosteroid use on plasma bilirubin or albumin concentra-
tions.

TEAC levels were unaltered in patients with severe asthma,
supporting other evidence that low plasma antioxidant
concentrations or increased oxidative stress are not reflected
in altered total antioxidant capacity in asthmatic patients [10,
45]. Low levels of specific antioxidants may be masked by
increases in another antioxidant such as uric acid, which has a
greater relative contribution in the TEAC assay [46]. Thus, in
mild asthma, bronchial lavage fluid uric acid concentrations
were increased, possibly to compensate for low ascorbic acid
and vitamin E concentrations [24]. The lower TEAC values in
females probably reflect the strong correlation between
TEAC and plasma uric acid, which is known to be lower in
females.

Serum concentrations of ascorbic acid, vitamin E and carote-
noids are positively associated with lung function in the
general population [5, 20], and in the current study ascorbic
acid, bilirubin and albumin were positively correlated with
percentage predicted FEV1 on univariate analysis. In multi-
variate regression, albumin and use of vitamin supplements
showed positive correlations, while cholesterol showed a
negative correlation with lung function. The positive correla-
tion between vitamin supplement use and lung function and
the lower utilisation of supplements by severe asthmatics
provides further evidence that reduced antioxidant intake may
have adverse consequences for respiratory function in these
patients. The higher cholesterol concentrations in severe
asthma and the negative correlation between lung function
and cholesterol were unexpected findings, but taken together
with the current observation that fat intake and BMI were
increased in the severe asthmatic patients, tend to support
recent evidence of an association between obesity and asthma
[47, 48].

In conclusion, the results of the present study suggest that low
levels of specific plasma antioxidants are associated with the
severity of asthma, particularly in males. The cross-sectional
design of the study does not permit a definitive answer to the
question of whether the observed differences in antioxidant
concentrations are a cause or consequence of the severe asthma
phenotype. However, the authors’ results suggest a need for
further large case-control and cohort studies, followed by
prospective studies to determine whether dietary modification
or supplementation with antioxidants such as vitamin C will
be of benefit in reducing the social and economic burden of
severe asthma.
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