
ORIGINAL PAPER

Changes in bronchial hyperresponsiveness following high- and low-sulphite
wine challenges in wine-sensitive asthmatic patients
H. Vally�wz, P. J. Thompson�w and N. L. A. Misso�w
�Lung Institute of Western Australia (Inc.), Centre for Asthma, Allergy and Respiratory Research, Perth, Australia, wCooperative Research Centre for Asthma,

The University of Western Australia, Perth, Australia and zNational Centre for Epidemiology and Population Health, ANU College of Medicine and Health Sciences,

The Australian National University, Canberra ACT 0200, Australia

Clinical and
Experimental

Allergy

Correspondence:
Dr Hassan Vally, National Centre for
Epidemiology and Population Health,
The Australian National University,
Canberra, ACT 0200, Australia.
E-mail: Hassan.Vally@anu.edu.au

Summary

Background Previous studies suggest that challenge of most wine-sensitive asthmatic
patients may not result in a reduction in forced expiratory volume in 1 s (FEV1).
Objective The aim of this study was to assess whether changes in bronchial hyper-
responsiveness (BHR) occur following wine challenge of asthmatic patients who report
sensitivity to wine, and whether such changes could help clarify the role of sulphite additives
in wine-induced asthmatic responses.
Methods Eight self-reporting wine-sensitive asthmatic patients completed double-blind
challenges with high- and low-sulphite wines on separate days. FEV1 and histamine PC20

were measured before and after consumption of 150 mL of wine.
Results None of the eight subjects demonstrated a clinically significant (Z15%) reduction in
FEV1 following challenge with either high- or low-sulphite wine. In contrast, one patient
demonstrated clinically significant increase in BHR following challenge with both high- and
low-sulphite wines, and a smaller increase in BHR following placebo challenge. A second
patient showed a significant increase, while another showed a significant decrease in BHR
following challenge with low-sulphite wine. A fourth patient showed borderline increases in
BHR following challenge with both high- and low-sulphite wines.
Conclusions Although changes in BHR, in the absence of reductions in FEV1, were observed
in some asthmatic patients following wine challenge, these changes were not consistent with
a single aetiology. Consequently, this study did not support a major role for the sulphite
additives in wine-induced asthmatic responses in the patients studied. The aetiology of wine-
induced asthma is likely to be complex and appears to vary among individuals who are
sensitive to these drinks.
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Introduction

Recent epidemiological studies suggest that wine con-
sumption may be associated with a worsening of asthma
symptoms in as many as 30% of asthma patients [1–3].
However, attempts to better understand this phenomenon
by challenging self-reporting wine-sensitive asthmatics in
a clinical setting have been hampered by a lack of positive
responses [4–6]. A possible explanation is that conven-
tional challenges performed in a clinical setting may not
result in a reduction in forced expiratory volume in 1 s
(FEV1) in most wine-sensitive asthmatic subjects. Anec-

dotal data from our laboratory and from others are con-
sistent with the hypothesis that cofactors play an important
role in wine sensitivity [7, 8]. Thus, some individuals may
react to wine only when their asthma has been aggravated
by exposure to other irritants or triggers in the environ-
ment, or conversely, wine consumption may increase re-
activity to other irritants or triggers. In either case,
challenge with wine alone, under controlled conditions,
may not elicit a measurable change in FEV1.

Epidemiological data from one study suggest that the
sulphite additives in wine may play an important role in
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wine-induced asthmatic responses [1]. That Australian
study demonstrated a significant association between
wine-induced asthma and asthmatic reactions to sul-
phite-containing foods, providing indirect evidence of a
role for the sulphite additives. However, attempts to verify
this by challenge studies have met with limited success
[6, 9], and in general it has not been possible to confirm
sensitivity to the sulphite in wine among asthmatics who
provided compelling histories of wine sensitivity. Confir-
mation that sulphite additives, at the levels and in the
chemical form found in wine, are able to elicit asthmatic
responses would be an important step towards under-
standing the phenomenon of wine-induced asthma. Con-
versely, if these additives do not play a major role in
wine-induced asthma, then efforts need to be directed
towards investigating other components of wine that may
be involved [3, 10, 11].

Previous studies suggest that consumption of food and
drinks by sensitive individuals results in increased bron-
chial hyperresponsiveness (BHR), in the absence of mea-
surable reductions in FEV1 [12–14]. However, there have
been no previous measurements of BHR following wine
consumption. In this study, we explored the possibility
that wine consumption may induce changes in bronchial
hyperresponsiveness among asthmatic patients who re-
port sensitivities to wine. In addition, we sought evidence
for the involvement of sulphite additives in wine-induced
asthmatic responses.

Methods

Subjects

Thirteen patients with stable asthma and compelling
histories of asthmatic responses following wine consump-
tion, as ascertained by structured telephone interviews,
were screened for participation in the study, which was
approved by the Human Research Ethics Committee at Sir
Charles Gairdner Hospital. All patients reported multiple
episodes of worsening asthma symptoms within 1 h of
consuming either white or red wine, or both. Patients were
defined as having stable asthma if (i) they had not
awakened at night due to asthma on more than four
occasions in the previous month, (ii) they had not required

short-acting bronchodilator medication more than twice
per day (on average) in the previous month, (iii) they had
not been admitted to hospital due to an asthma exacerba-
tion in the previous 2 months and (iv) they had not received
oral corticosteroid treatment in the previous 2 months.

Patients with liver disease or other serious medical
conditions or who were taking medications known to
interact with alcohol, or whose history suggested signifi-
cant illness following consumption of wine or alcohol,
were excluded. Skin prick testing was performed with five
common aeroallergens. All patients had their baseline
spirometry assessed during initial screening and were
required to have an FEV141.0 L and 470% of predicted
to be eligible to participate in the study. Of the 13 patients
screened, two did not satisfy the minimum lung function
criteria for recruitment into the study.

Study design

This was a double-blind, randomized study with patients
consuming either high- or low-sulphite wine on separate
study days. Patients were asked to abstain from alcoholic
drinks for 24 h before each study day and were instructed
to consume a light meal 1 h before baseline testing.
Inhaled corticosteroids and short-acting b2-agonists were
withheld for 8 h, and long-acting b2-agonists and
anti-histamines for 48 h before wine challenge. On each
study day, baseline lung function was assessed, and pre-
challenge BHR to histamine was measured. After a 30-min
recovery period, and if the FEV1 was within 10% of the
baseline value, the patient was asked to consume 150 mL
of wine over a 5-min period. For each patient, the choice
of either white or red wine was based on the patient’s
history of wine sensitivity, with the type of wine causing
most problems being used for challenges. Spirometry was
performed immediately after, and at 15 and 30 min after
wine consumption. If the FEV1 at 30 min was within 10%
of the baseline value, post-challenge BHR was assessed.
The study design is represented diagrammatically in Fig. 1.
On a second study day at least 48 h after the first, and if
the baseline FEV1 was within 10% of the value on the first
study day, an identical challenge was performed using the
alternate wine. In patient 5, a significant change in BHR
was observed after consumption of both high- and
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Fig. 1. Study design. FEV1, forced expiratory volume in 1 s; BHR, bronchial hyperresponsiveness.
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low-sulphite wines, and consequently on a third study day
the patient consumed a placebo wine drink in a single-
blind challenge.

Two patients were withdrawn from the study because
their FEV1 values did not return to within 10% of the
baseline, 30 min after pre-challenge BHR testing, and one
patient was withdrawn because of an unacceptably large
decrease in FEV1 (36%) on inhalation of the lowest dose of
histamine during pre-challenge BHR testing. Therefore,
eight patients completed the challenges with both high-
and low-sulphite wines, with one patient also being
challenged with placebo wine. The demographic details,
asthma characteristics and wine sensitivities of these eight
patients are presented in Table 1.

Challenge drink preparation

Commercially available low-sulphite white and red wines
(BRL Hardy Wine Co., Reynella, SA, Australia) containing
o20 p.p.m. of sulphite were used for the low-sulphite
wine challenges. High-sulphite wine was prepared
by adding sodium metabisulphite to the low-sulphite
wines, to bring the final sulphite concentration to 250–
300 p.p.m. [6]. A placebo white wine drink based on the
model wine of Halpern et al. [4], as modified by Vally et al.
[6], was also prepared for one patient in the study. This
drink contained vodka, water, sucrose and tartaric acid
with yellow curcumin dye. The pH (�3.5) and alcohol
content were matched with those of the white wine used in
this study. All challenge drinks were stored and consumed
at room temperature.

Bronchial hyperresponsiveness testing

BHR was measured using the standard method described
by Cockcroft et al. [15]. After measurement of baseline
FEV1, subjects inhaled a control 0.9% saline solution for
2 min, followed by doubling concentrations of histamine
(0.06–8.0 mg/mL) for 2 min at 5-min intervals. FEV1 was

measured at 30, 90 and 120 s after the end of each
inhalation. The procedure was continued until a decrease
in FEV1 of at least 20% from baseline was recorded, or the
maximum dose of histamine was reached.

Data analysis

BHR was measured as the concentration of histamine
leading to a 20% decrease in FEV1 (PC20). A difference of
greater than one doubling dose of histamine between pre-
and post-challenge BHR measurements was considered to
be indicative of a clinically significant response in an
individual subject [12, 16]. Geometric means for PC20

values, with 95% confidence intervals, were calculated
and the differences between mean values were assessed
for statistical significance by a paired t-test after log
transformation of the data.

Results

Baseline bronchial reactivity to histamine in the eight
subjects before high-sulphite wine challenge (geometric
mean 2.09 mg/mL) was not significantly different from
that before low-sulphite wine challenge (2.45 mg/mL).
FEV1 did not change by more than 15% in any of the
subjects, following challenge with either high- or low-
sulphite wine (Table 2). However, clinically significant or
borderline significant changes in BHR were observed in
four of the eight subjects. Patient 5 demonstrated clini-
cally significant increases in BHR following challenge
with both high- and low-sulphite wines. This patient
subsequently underwent a single-blind challenge with a
placebo wine drink to which he demonstrated a smaller,
but still clinically significant, increase in BHR. Patient 6
demonstrated a significant increase in BHR following
challenge with low-sulphite red wine. In contrast, patient
4 showed a significant decrease in BHR when challenged
with the same wine. Finally, patient 2 showed a borderline
increase in BHR after both high- and low-sulphite wine
challenges.

Table 1. Patient characteristics

Patient Gender Age (years) Atopic Asthma medications Wine sensitivity Baseline FEV1 (L) Baseline FEV1 (% predicted)

1 F 42 Yes ba, bc White 2.60 109.5
2 F 38 Yes ba, bu White 2.03 82.5
3 F 53 Yes ba, bu, sm celebrex White and red 2.36 103.5
4 M 32 Yes ba, fl Red 3.55 92.2
5 M 51 Yes ba, bu White 2.78 86.0
6 F 26 Yes ba, fl Red and white 3.73 117
7 F 56 Yes ba White 1.97 97.5
8 F 31 No ba, bc Red 2.70 100.4

Baseline FEV1 and pecent predicted FEV1 are the mean values for the 2 study days.
ba, b2-adrenoceptor agonists; bc, beclomethasone; bu, budesonide; fl, fluticasone; sm, salmeterol; FEV1, forced expiratory volume in 1 s; F, female;
M, male.
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Discussion

This study was carefully designed to assess whether
changes in BHR would occur, following challenge of
wine-sensitive asthmatic patients, and also to obtain
evidence for the involvement of sulphite additives in
wine-induced asthmatic responses. While the patients
recruited all provided compelling histories of sensitivity
to white or red wine, or both, previous studies have
demonstrated that the challenge of such patients under
controlled conditions results in relatively few positive
responses as assessed by a clinically significant decline in
FEV1 (415% from pre-challenge values) [6, 9]. This was
confirmed in the present study in which none of the eight
subjects demonstrated an appreciable reduction in FEV1

following challenge with either high- or low-sulphite
wines. In contrast, clinically significant changes in BHR
were observed in three patients, with another patient
exhibiting borderline significant increases in BHR. The fact
that there were changes in BHR without reductions in FEV1

is important, and suggests that the reactions occurring in
the lungs of some asthmatic patients following wine con-
sumption may not necessarily lead to a reduction in FEV1.

Increases in BHR have previously been detected in
studies assessing the sensitivity of asthmatic patients to
cola drinks [12], tartrazine [13], ice [17] and a variety of
foods and food chemicals [14, 18, 19]. However, the
proportions of subjects demonstrating significant increases
in BHR varied greatly and increases in BHR have also
occurred following placebo challenges [19, 20]. This has led
to the suggestion that changes in BHR are less reliable than
a reduction in FEV1 for detecting intolerance to food or
food chemicals [19, 20]. The results from this study
demonstrate that in some patients, wine consumption may
be accompanied by changes in BHR without a reduction in
FEV1. However, there was no apparent pattern in the

observed changes in BHR and some positive responses were
counterintuitive, suggesting that they may not have been
solely related to wine consumption, but may have been
influenced by other factors such as the marked differences
in baseline BHR measured on the two challenge days for
some patients. It is unclear whether these differences were
real and reflect exposure to other triggers on the day of
challenge, or whether such a variation resulted from the
imprecision inherent in the measurement of BHR. Never-
theless, these factors may have contributed to the positive
responses to wine challenge, as identified by clinically
significant changes in BHR, and these positive responses
therefore need to be interpreted with caution.

The decrease in BHR in patient 4 after low-sulphite red
wine challenge cannot be readily explained. While con-
sumption of alcohol per se has been associated with a
reduction in non-specific BHR in some patients [7, 21], the
absence of a similar effect following high-sulphite wine
suggests that the effect was unlikely to be due to alcohol
alone in this patient. In contrast, in patient 5, the increases in
BHR after both high- and low-sulphite wines, and also after a
placebo alcoholic drink, do suggest the possibility of a
reaction to alcohol per se, although the increase in BHR was
much less following placebo. In patient 6, the increase in
BHR after challenge with low-sulphite but not high-sulphite
wine may have been an anomalous observation resulting
from the patient’s significantly lower baseline BHR on the
day the positive response was recorded. Similarly, interpreta-
tion of the borderline significant increases in BHR after both
high- and low-sulphite wines in patient 2 is confounded by
high-baseline BHR, as well as the imprecision inherent in
measuring reactivity to low concentrations of histamine.

A doubling dose increase in histamine reactivity has
previously been regarded as being clinically significant
[12, 16, 19], although this is somewhat arbitrary and the
reproducibility of BHR testing is probably no better than

Table 2. Changes in FEV1 and BHR following wine consumption

Patient (wine type)

High-sulphite wine Low-sulphite wine

FEV1 (L) PC20 histamine (mg/mL) FEV1 (L) PC20 histamine (mg/mL)

Pre Post Pre Post Pre Post Pre Post

1 (white) 2.45 2.64 5.74 8.0 2.31 2.56 4.35 6.96
2 (white) 2.10 2.10 0.20 0.10 2.12 2.01 0.25 0.125
3 (white) 2.12 2.22 1.08 1.58 2.08 2.22 1.10 0.99
4 (red) 3.36 3.53 8.0 6.12 3.41 3.56 2.67 8.0
5� (white) 2.71 2.78 2.0 0.34 2.49 2.61 3.20 0.43
6 (red) 3.41 3.70 1.08 1.14 3.72 3.83 3.91 0.67
7 (white) 1.83 1.88 2.11 1.35 1.93 1.92 4.0 2.70
8 (red) 2.75 2.85 8.0 8.0 2.70 2.82 8.0 8.0

5� (placebo) 2.46 2.64 2.5 1.16

�Patient 5 was also challenged with placebo wine drink.
Changes in PC20 of Z1 doubling dose of histamine are indicated in italic.
BHR, bronchial hyperresponsiveness; FEV1, forced expiratory volume in 1 s.
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one doubling dose under ideal conditions [22, 23]. Some
investigators have also reported tachyphylaxis in asthmatic
subjects following repeated histamine challenges [24, 25],
but these findings were not supported by other studies [26,
27]. Therefore, the decision to measure BHR before and
60 min after wine challenge was based on previous studies
[9, 12], as well as the reportedly rapid (o1 h) onset of
asthmatic responses to wine [1]. While repeat BHR testing
within this time frame is unlikely to have been influenced
by tachyphylaxis to histamine, there are other caveats
associated with BHR testing, such as sensitivity, reproduci-
bility and the influence of baseline lung function [23],
which, taken together with the findings from this study,
indicate that measurement of BHR will not be generally
useful for detecting reactivity to wine in asthmatic subjects.

In conclusion, this study has demonstrated that changes
in BHR may occur following wine consumption in some
wine-sensitive asthmatic patients, in the absence of re-
ductions in FEV1. However, the lack of an obvious pattern
in these changes in BHR suggests that some of the positive
responses were not solely related to wine consumption,
but resulted from complex interactions among multiple
factors that may have been peculiar to individual subjects.
As a consequence, the findings did not support a major
role for the sulphite additives in wine-induced asthmatic
responses, but did strengthen the hypothesis that wine-
sensitive asthma is likely to have a complex aetiology that
may vary in individual subjects.
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