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Summary

Background Alcohol consumption has been suggested to be associated with the development
of allergic rhinitis (AR), but there is limited data on the topic.
Objectives The objective of this study was to investigate the association between alcohol
consumption and the risk of developing AR among young women.
Methods Five thousand eight hundred and seventy Danish women aged 20–29 years
participated in a prospective cohort study, and were free of seasonal and perennial AR at
baseline (1991–1993). Alcohol consumption was assessed by a food frequency questionnaire.
The main outcome measures were self-reported information on seasonal and perennial AR
debuting during a mean follow-up period of 7.8 years.
Results During follow-up, 831 women developed seasonal AR and 523 women developed
perennial AR, corresponding to 14% and 9%. Alcohol consumption was positively associated
with the risk of developing perennial AR. The adjusted odds ratio (OR) for perennial AR was
1.78 (95% CI, 1.13–2.80) among women drinking more than 14 drinks/week compared with
women drinking o1 drink/week. There was no association between alcohol consumption and
seasonal AR. Having one or two parents with asthma was, after adjustment, significantly
associated with the risk of developing seasonal (OR, 2.01; 95% CI, 1.65–2.45) and perennial
AR (OR, 2.28; 95% CI, 1.70–2.74). Smoking was not associated with an increased risk of
developing AR.
Conclusion In this population of young adult women, alcohol consumption was associated
with an increased risk of developing perennial AR.

Keywords alcohol consumption, allergic rhinitis, epidemiology, prospective cohort study
Submitted 21 September 2007; revised 28 December 2007; accepted 31 December 2007

Introduction

Allergic rhinitis (AR) is an upper respiratory disorder
affecting between 10% and 40% of the population world-
wide [1, 2]. Over the last decades, the prevalence of AR has
increased in westernized countries [3–8], including Den-
mark [9]. AR has a significant societal and economic
impact in terms of increased work or school absenteeism,
decreased work productivity and school performance, as
well as decreased quality of life [10, 11]. In addition, it can
contribute to other conditions such as sinusitis, otitis
media, and sleep and learning problems [10, 12], and AR is
strongly predictive of the development of asthma [7, 13].

The causes of AR are still unknown, but lifestyle and
environmental factors associated with westernized, urba-

nized, and affluent lifestyles may play important roles
[14]. Alcohol consumption is part of the western lifestyle
and it has been proposed that alcohol consumption may
be one of the factors contributing to the rise in AR. First,
alcohol is a well-known trigger of hypersensitivity reac-
tions, although the mechanisms underlying these reac-
tions are unknown [15–18]. Second, there is evidence that
alcohol influences the immune system in several ways
[19–21]. Alcohol consumption impairs the T-helper (Th)
lymphocyte type-1 cellular immune response that in-
creases the susceptibility to bacterial infections such as
tuberculosis and pneumonia. It has also been shown that
alcohol induces a relative Th2 deviation as reflected by
increased levels of some Th2-associated cytokines [22,
23]. Third, studies in patient populations have indicated a
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positive correlation between alcohol consumption and
total serum IgE [23, 24], and alcohol consumption during
pregnancy has been associated with elevated levels of
total IgE in the cord blood [25] and with an increased risk
of early-onset atopic dermatitis in the offspring [26].
Furthermore, some [9, 19, 27–29], but not all, studies [30,
31] have found a positive association between alcohol
consumption and the risk of IgE sensitization. Thus, it may
be hypothesized that alcohol could be a potential risk
factor for AR.

We aim at studying the association between alcohol
consumption and risk of AR in a prospective cohort study
of young adult women.

Materials and methods

Study population

We used data from a prospective cohort study, com-
prising women aged 20–29 years who were randomly
sampled from the general female population in Copenha-
gen, Denmark. The study was initiated in 1991–1993
with the purpose of studying the natural history of
human papillomavirus infection and cervical neoplasia.
A detailed description of the study design has been
published previously [32]. In the present study, we used
data from the baseline examination in 1991–1993 and
from the follow-up examination in 1999–2001. The
women were followed up for a mean of 7.8 years (range
7–9 years).

From May 1991 to January 1993, 11088 women parti-
cipated in the baseline examination (response rate 68%)
[33]. The women were personally interviewed about life-
style factors, including smoking habits and socio-demo-
graphic factors. Furthermore, 9606 of the 11088 women
completed a food frequency questionnaire, which in-
cluded questions about alcohol consumption. The follow-
up was performed from November 1999 to May 2001,
where 6763 of the women from the baseline examination
were enrolled. The women were asked about perennial and
seasonal AR by questionnaire. Women with seasonal or
perennial AR at baseline were excluded (n = 893), leaving
5870 women for further analysis.

Alcohol consumption

The participants were asked to report their current average
weekly consumption of beer (in bottles), wine (in glasses)
and spirits (in units) at baseline. One bottle of beer
contains 12 g of alcohol, and this is also considered to be
the average amount of alcohol in the other types of drinks.
The total weekly alcohol consumption was calculated by
summing up the consumption of beer, wine and spirits. It
was divided into the following groups:o1, 1–6, 7–13 and
X14 drinks/week.

Seasonal and perennial allergic rhinitis

Participants were asked at follow-up: ‘Have you had
seasonal allergic rhinitis, itchy eyes, or hay fever with
seasonal variation?’ and ‘Have you had allergic rhinitis,
itchy eyes, or hay fever without seasonal variation?’
Women who responded positively to either question were
asked whether the disease started in childhood or in
adulthood, and for how many years they had had the
disease. This information was used to exclude women with
seasonal or perennial AR at baseline. The diagnoses,
perennial and seasonal AR, were based on self-reported
questionnaire data. To further validate the data, the
women were asked whether a doctor had confirmed the
diagnosis and, if so, which diagnostic test was used.

Other variables

The following variables were considered as potential
confounders: smoking status (categorized as never smo-
ker, ex-smoker, one to nine cigarettes a day, 10–14, 15–19
or more than 20 cigarettes a day), follow-up time (7, 8, or
9 years), education (o 9 years, 10 years and 11 or more
years), passive smoking and parental asthma. Passive
smoking in childhood was defined as a confirmative
answer to at least one of two questions: (1) ‘How many
smokers lived in your home when you were 0 to 7 years
old?’ and (2) ‘How many smokers lived in your home when
you were 8 to 16 years old?’ The women were also asked
whether their biological parents (one or both) had asthma.
Parental asthma was defined as at least one biological
parent with asthma.

Statistical analysis

Data were analysed by logistic regression using the SAS/
STAT statistical software package version 9.1 (SAS Insti-
tute Inc., Cary, NC, USA). Odds ratios (ORs) were computed
with a 95% confidence interval (CI). ORs were computed
for weekly alcohol consumption and analysis was ad-
justed for potential confounders at different levels in the
analysis: (i) age adjusted, (ii) adjusted for age, follow-up
time, education and smoking and (iii) further adjusted for
passive smoking and parental asthma. Baseline character-
istics of the women were presented as median values for
the continuous variable (age) and proportions for the
categorical variables (Table 1). To test whether there were
differences in baseline characteristics between women
who participated in the follow-up and those who did not,
baseline characteristics according to follow-up status
were compared by the Kruskall–Wallis test for continuous
variables and by the w2 test for categorical variables. To
examine the possibility that latent baseline symptoms of
AR might affect some of the women’s alcohol consump-
tion, thereby biasing the results, additional analyses were
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performed using a time window where participants who
developed AR in the first two years after the baseline
examination were excluded. A sensitivity analysis where
only women with a physician-confirmed diagnosis were
considered as having AR was also performed. For tests of
linear trend, we treated the median value within cate-
gories of alcohol intake as a continuous variable.

A possible interaction between alcohol consumption
and parental asthma was analysed by including interac-
tion terms in the statistical model test, where a model
without interaction terms was compared with a model
containing a term for the interaction between alcohol
consumption (in four categories) and parental asthma
(yes/no) by a log likelihood test. Furthermore, we tested
for interaction between alcohol intake and smoking,
which, as for alcohol intake and parental asthma, was
performed by comparing a model including the interac-
tion term to a model without the interaction term.

The criterion for statistical significance was 5%.

Results

During a mean follow-up of 7.8 years, 831 (14%) of the
5870 women developed self-reported perennial AR and
523 (9%) developed self-reported seasonal AR.

Table 1 shows the population characteristics according
to alcohol consumption. The women had a median alcohol
consumption of 3.5 alcoholic drinks/week (fifth to 95th
centiles, 0.3–12.6). There were more smokers in the higher
alcohol categories than in the lower categories. For
example, the prevalence of smoking was 38% among
non-drinkers and 66% among those who drank 14 or
more drinks/week. Women with an alcohol consumption
of 14 or more drinks/week were more likely to be predis-
posed in terms of parental asthma than women in the
lower alcohol drinking categories, for instance, the pro-
portion with parental asthma was 18% among women
drinking 14 or more drinks/week compared with 11%
among women drinking 1–6 or 7–13 drinks/week. Women

with an alcohol consumption of o1 drink/week were less
likely to have more than 11 years of education than
women with a higher alcohol consumption. The propor-
tion with more than 11 years of education was 51% among
women with an alcohol consumption of o1 drink/week,
whereas it was more than 72% among women in the other
alcohol categories. For age and passive smoking, there
was no difference. Women who did not participate in the
follow-up tended to be less educated (Po 0.001) and were
more frequently smokers (Po 0.001) than women who
participated in the study. For age and alcohol intake there
were no statistically significant differences between the
two groups.

Alcohol consumption was not associated with the risk
of developing self-reported seasonal AR (Table 2). By
contrast, there was a dose-dependent increase in the ORs
of self-reported perennial AR according to alcohol con-
sumption; for example, the OR adjusted for age, smoking,
education and follow-up time was 1.13 (95% CI,
0.86–1.48) for drinking 1–6 drinks/week and 1.85 (95%
CI, 1.18–2.91) for drinking 14 or more drinks/week. The
ORs changed very little after further adjustment for
passive smoking in childhood and parental asthma, and
the results remained statistically significant for women
drinking 14 or more drinks/week (OR, 1.78; 95% CI,
1.13–2.80) (Table 3).

We performed a linear trend test for perennial AR,
which showed that for every additional drink per week
the fully adjusted risk of perennial AR increased by 1.03
(P = 0.01).

Parental asthma was significantly associated with de-
veloping seasonal and perennial AR. Women with the
predisposition had an adjusted OR = 2.01 (95% CI,
1.65–2.45) for developing seasonal AR and an adjusted
OR = 2.28 (95% CI, 1.70–2.74) for developing perennial AR
compared with women without parental asthma.

Smoking more than 15 cigarettes/day was associated
with a significantly decreased risk (Po 0.001) of seasonal
AR (OR, 0.60; 95% CI, 0.48–0.75), but not perennial AR

Table 1. Baseline characteristics of the study population according to alcohol consumption (n = 5870)

Characteristics

Alcohol consumption (drinks/week)

o1 1–6 7–13 114 P-value

Women number (%) 977 (16.6) 3694 (62.9) 961 (16.4) 238 (4.1)
Age in years (range) 24.5 (21.7–27.3) 24.9 (22.2–27.6) 25.0 (22.2–27.8) 25.7 (22.8–28.6) o 0.001�

Never smokers number (%) 488 (50.0) 1854 (50.2) 350 (36.4) 61 (25.6) o 0.001w

Ex-smokers number (%) 115 (11.8) 357 (9.7) 99 (10.3) 21 (8.8)
Current smokers number (%) 374 (38.3) 1481 (40.1) 512 (53.3) 156 (65.6)
Exposed to passive smoking in

childhood number (%)
785 (81.7) 2875 (79.0) 757 (80.8) 198 (84.6) 0.082w

Parental asthma number (%) 127 (13.0) 420 (11.4) 104 (10.8) 42 (17.7) o 0.001w

School education 411 years number (%) 495 (50.7) 2693 (73.0) 781 (81.4) 173 (72.7) o 0.001w

�Kruskall–Wallis test.
ww2 test.
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(Table 4). The interaction tests for alcohol intake and
smoking status were not significant for either perennial
AR (P = 0.73) or seasonal AR (P = 0.37). To further examine
the association between perennial AR, alcohol consump-
tion and smoking, we stratified analyses by smoking
status (current smoker/non-current smoker). The stratified
analysis showed that generally there was a trend towards
higher alcohol consumption, which implied an increased
risk for perennial AR. The results were statistically insig-
nificant, except among current smokers drinking more
than 14 drinks/week, where the OR for developing peren-

nial AR was 2.17 (95% CI, 1.17–4.04) compared with
current smokers drinking o1 drink/week.

We examined the joint effects of parental asthma and
alcohol consumption on the risk of developing perennial
AR, with women without parental asthma and drinking
o1 drink/week used as a reference (Fig. 1). For all levels
of alcohol consumption, women with parental asthma had
a higher risk for perennial AR than women without
parental asthma. The highest risk was observed among
women with parental asthma drinking 14 or more drinks/
week who had an OR = 6.28 (95% CI, 3.07–12.86) com-
pared with women without parental asthma drinking
o1 drink/week (Fig. 1). Repeating the analysis with

Table 2. OR (95% CI) by logistic regression for seasonal AR according to alcohol consumption among 5870 women

Alcohol consumption (drinks/week) Number of cases Model 1� Model 2w Model 3z

o 1 134 1 (reference) 1 (reference) 1 (reference)
1–6 530 1.05 (0.85–1.29) 1.05 (0.85–1.29) 1.01 (0.82–1.25)
7–13 131 0.99 (0.76–1.28) 0.99 (0.76–1.28) 0.98 (0.75–1.29)
114 36 1.10 (0.74–1.64) 1.10 (0.74–1.64) 1.15 (0.76–1.73)
P for trend‰ 0.90 0.54 0.66

�Adjusted for age.
wAdjusted for age, smoking, education and follow-up time.
zAdjusted for age, smoking, education, follow-up time, passive smoking in childhood and parental asthma.
‰Test of linear trend was performed by including the median value within categories of alcohol intake as a continuous variable.
OR, odds ratio; CI, confidence intervals; AR, allergic rhinitis.

Table 3. OR (95% CI) by logistic regression for perennial AR according to alcohol consumption among 5870 women

Alcohol consumption (drinks/week) Number of cases Model 1� Model 2w Model 3z

o 1 73 1 (reference) 1 (reference) 1 (reference)
1–6 324 1.19 (0.91–1.55) 1.13 (0.86–1.48) 1.14 (0.87–1.49)
7–13 94 1.34 (0.97–1.84) 1.26 (0.90–1.75) 1.28 (0.92–1.77)
114 32 1.91 (1.22–2.97) 1.85 (1.18–2.91) 1.78 (1.13–2.80)
P for trend‰ o 0.01 0.01 0.01

�Adjusted for age.
wAdjusted for age, smoking, education and follow-up time.
zAdjusted for age, smoking, education, follow-up time, passive smoking in childhood and parental asthma.
‰Test of linear trend was performed by including the median value within categories of alcohol intake as a continuous variable.
OR, odds ratio; CI, confidence intervals; AR, allergic rhinitis.

Table 4. OR by logistic regression for seasonal and perennial AR
according to smoking status (n = 5870)

Smoking status OR for seasonal AR� OR for perennial AR�

Never smokers 1 (reference) 1 (reference)
Former smokers 0.84 (0.65–1.08) 1.01 (0.74–1.38)
o 15 cigarettes/day 0.87 (0.72–1.06) 1.05 (0.90–1.33)
X15 cigarettes/day 0.60 (0.48–0.75) 0.90 (0.70–1.16)
P for trendw o 0.001 0.24

�Adjusted for age, alcohol consumption, education, follow-up time, passive
smoking in childhood and parental asthma.
wTest of linear trend (among current smokers only) was performed by in-
cluding the median value within categories of alcohol intake as a continuous
variable.
OR, odds ratio; AR, allergic rhinitis.
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Fig. 1. Adjusted odds ratios for perennial allergic rhinitis according to
parental asthma. Women without parental asthma drinking o1 drink/
week are used as the reference group. �Adjusted for age, education,
follow-up time and passive smoking in childhood.
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women without parental asthma drinking 14 or more
drinks/week as reference group showed that women with
parental asthma drinking 14 or more drinks/week had an
OR = 4.18 (95% CI, 1.86–9.40). A test for overall interac-
tion between parental asthma and alcohol consumption
was performed, but we found no interaction on the multi-
plicative scale (P = 0.33).

We repeated the analyses where only women with a
diagnosis confirmed from the hospital or doctor were
taken into account. Using this more strict definition of
perennial AR resulted in fewer cases (n = 405). However,
the results showed the same tendency as for all cases
(n = 523), but the ORs were generally attenuated and had
broader confidence intervals. For example, women with a
confirmed diagnosis who drank more than 14 drinks/week
had an adjusted OR = 1.47 (95% CI, 0.86–2.51) compared
with women drinking o1 drink/week.

We also analysed data after implementing a time–
window where all cases developing in the first 2 years
after baseline were excluded from the analysis (n = 53).
The risk of perennial AR associated with drinking 14 or
more drinks/week were unchanged (OR, 1.78; 95% CI,
1.10–2.88).

Discussion

In this prospective cohort study of 5870 young adult
women, we found that alcohol consumption was asso-
ciated with an increased risk of developing perennial AR,
but not with the risk of developing seasonal AR. Smoking
was associated with a decreased risk of developing seaso-
nal AR, but not with the risk of developing perennial AR.
Having one or two parents with asthma was significantly
associated with developing perennial and seasonal AR.

The strength of this study lies in the prospective design
and the large sample size. The study was conducted in a
representative sample, and selection and recall bias were
minimized because of the prospective design.

Information on alcohol consumption was obtained by
self-reports, which may imply some underreporting. But
because data were collected prospectively and without
prior knowledge of the hypothesis under study, any such
misclassification is probably non-differential, i.e. unre-
lated to perennial and seasonal AR. Hence, the obtained
results are most likely conservative. Misclassification of
outcome is possible, because information on perennial
and seasonal AR was obtained by self-report and allergy
tests such as skin prick testing (SPT), or specific IgE
measurements were not performed. Thus, some persons
with non-AR may have been classified as having AR.
However, we have no reason to believe that any such
misclassification would be related to alcohol consumption
and thus would cause bias in the observed results.
Furthermore, we performed sensitivity analyses only
including women with a history of doctor-confirmed

diagnosis and observed results similar with the main
results, which may indicate that misclassification is not a
cause of major bias. Nevertheless, future studies should
include allergy tests to examine whether the effect of
alcohol is related to the allergic or non-allergic rhinitic
phenotype.

The prevalence of seasonal and perennial AR was 22.5%
and 15.3%, which corresponds to the prevalence found in
other studies [4, 7, 34].

The proportions of developing self-reported seasonal
and perennial AR over a mean time period of 7.8 years
were 14% and 9%, respectively. These findings are rela-
tively high but could be explained by the fact that the
study population is relatively young and living in an
urban area; both factors have been linked to higher risks
in other primarily cross-sectional studies [7, 35, 36].

Some studies have found that smoking is associated
with increased serum total IgE concentrations [37–39];
thus it may be hypothesized that smoking could be a
potential risk factor for AR. In spite of this, most studies
found either no association between smoking and AR or
even an inverse association [40–43]. Accordingly, we
found that heavy smokers were less likely to develop
seasonal AR than never smokers, and this was not affected
by excluding early cases. There was no association be-
tween smoking and perennial AR. Nihlén et al. [36] found
that smoking habits were not associated with the inci-
dence of AR. In other studies, smoking has been linked
with reduced allergic senitization [40–43], and Bugiani et
al. [44] found that active current smoking exposure was
negatively associated with AR (OR, 0.76; 95% CI,
0.69–0.84). In line with this, a prospective cohort study
by Linneberg et al. [42] found that smoking was nega-
tively associated with the risk of allergic sensitization
assessed by SPT positivity (adjusted OR, 0.45; 95% CI,
0.21–0.98). However, this relationship appears to vary
between different allergens [37]. Jarvis et al. [41] found
that current smokers were at an increased risk of senitiza-
tion to house dust mite allergen (OR, 1.29; 95% CI,
1.11–1.50) than never smokers, but at a decreased risk of
sensitization to grass (OR, 0.76; 95% CI, 0.67–0.88) and
cat allergens (OR, 0.69; 95% CI, 0.59–0.80).

Certain genetic factors are associated with the risk of
AR [36, 45]. We found that women with parental asthma
had an OR = 2.01 (95% CI, 1.65–2.45) for developing
seasonal AR and an OR = 2.28 (95% CI, 1.70–2.74) for
developing perennial AR compared with women without
parental asthma. The predisposition in terms of parental
asthma was significant for developing perennial allergic
disease. In line with this, several other studies have shown
that parental asthma is a strong predictor of allergic
diseases and that the risk of developing AR is higher
among subjects with parental asthma. In Dold et al.’s [45]
study of German schoolchildren, parental asthma was a
strong risk factor for AR (OR, 2.5; 95% CI, 1.6–4.0). This
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supports the hypothesis that AR is a multifactorial disease
brought about by different familial and environmental
influences [45, 46].

There are few known modifiable risk factors for AR.
Hence, it would be of considerable interest if alcohol were
causally related to the development of perennial AR. It can
help introduce new insight into some of the biological
mechanisms of AR and, from a diagnostic point of view,
the findings can bring in new knowledge in the clinical
setting where alcohol is not usually considered to be a risk
factor for AR. Alcohol is a powerful immunomodulatory
drug with various effects on the immune system [20].
There are different hypotheses regarding the association
between alcohol and allergic diseases, and the particular
biological mechanisms by which alcohol consumption
can lead to AR and increased levels of IgE and AR are not
fully understood. The effect of alcoholic drinks on IgE
responses could be due to ethanol [23]. But acetaldehyde,
which is an intermediate in the metabolism of alcohol and
appears to be the primary mediator of alcohol-intolerance
reactions, could also play an aetiological role and help in
explaining why alcohol increases the risk of allergy [19,
47]. Individuals that are intolerant to alcohol appear to
have an impairment in the enzyme that converts acetal-
dehyde to acetic acid, and this reduced activity of the
enzyme acetaldehyde dehydrogenase results in increased
levels of acetaldehyde [18]. Israel et al. [48] found that
acetaldehyde—protein adducts, which are recognized as
foreign to the immune system, were found in high
amounts in Caucasians with adverse reactions after alco-
hol consumption.

The present results were obtained in a cohort of women.
It should be recognized that there is evidence to suggest
that women, as compared with men, may be more suscep-
tible to some of the deleterious effects of alcohol [49].
These differential effects are believed to be due to gender
differences, e.g. higher body fat/water ratio or reduced
liver mass/body weight ratio in females, or lower first-
pass metabolism in females. Therefore, it would also be of
interest to examine gender differences in the possible
effects of alcohol on the development of rhinitis.

Alcohol consumption is widespread and allergic disease
has a high prevalence, especially in western countries
where atopic diseases can affect as much as 40% of people
throughout their life, and the incidence is increasing.
Danish women are among the most heavily drinking
women in the world, so if a link between alcohol con-
sumption and raised risk for perennial AR can be con-
firmed, public health implications may be significant.

It is a new finding that alcohol consumption increases
the risk of perennial AR among younger women, and it
clearly deserves further investigation. If the association
represents a causal finding, further studies should focus
on the biological mechanism and on whether lifestyle
factors and genetic variations may influence susceptibil-

ity to the effects of alcohol consumption. There are many
unanswered questions in the area and, in general, we need
more information about risk factors for allergic diseases.
Further developments within this area could increase our
understanding of the effects of alcohol on the immune
system as well as in the mechanisms of allergic diseases.
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