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Summary

Background Population-based epidemiological studies have indicated that alcohol
consumption is associated with IgE-mediated immune diseases (i.e. allergic rhini-
tis, asthma and urticaria). These studies have been strongly supported by several
immunological studies. Furthermore, an inhibitory effect of alcohol consumption
on the development of delayed-type hypersensitivity has been shown in healthy
controls. However, a possible association between contact sensitization and alco-
hol consumption in a general population has never been reported.
Objectives To investigate whether alcohol consumption is associated with contact
sensitization in a general population.
Methods In 1990, self-reported consumption of alcohol and patch testing results
were assessed in 1112 subjects, aged 15–69 years, participating in a population-
based cross-sectional study in Glostrup, Denmark. In 1998, they were invited to
a follow-up and 734 were re-examined (participation rate 69Æ0%). Adjustment
for potential confounders was performed by using logistic regression analyses.
Results Women who reported no consumption of alcoholic drinks per week were
more likely to develop contact sensitization (adjusted odds ratio 2Æ12, 95% confi-
dence interval 0Æ98–4Æ61) during a 8-year follow-up period. A positive trend
among women was detected (P = 0Æ045).
Conclusions These data support the hypothesis that alcohol consumption leads to
IgE-mediated immune responses rather than delayed-type hypersensitivity reac-
tions. It is probable that alcohol consumption prevents the development of con-
tact sensitization. Further epidemiological studies are warranted.

In Denmark, a general increase in the consumption of alcohol

has been observed during the second half of the 20th cen-

tury.1,2 Excess alcohol intake may lead to liver cirrhosis, acute

and chronic pancreatitis, hypertension, cardiomyopathy, some

types of cancers and death.3 There is substantial evidence that

alcohol consumption has an effect on the immune system:

alcohol leads to impaired T-helper 1 (Th1) lymphocyte-regu-

lated cell-mediated immune responses favouring a Th2 lym-

phocyte deviation of the immune system.4–8 Furthermore, in

alcohol abstinence syndrome, an increased level of Th2 lym-

phocyte-related cytokines has been demonstrated in compari-

son with healthy controls.9 Thus, alcohol consumption is

associated with changes in the cytokine profile consistent with

a relative Th2 lymphocyte deviation of the immune system.

The Th1 ⁄Th2 dichotomy has for some years been the cor-

nerstone of immunological thinking.10,11 The basic idea is that

naı̈ve precursor CD4+ T cells differentiate to either Th1 or

Th2 cells under the influence of cytokines.12 Th1 cells are cru-

cial for the host to control the replication of intracellular

pathogens but also contribute to the pathogenesis of auto-

immune diseases and contact sensitization. Th2 cells support

the development of humoral immunity but are, furthermore,

associated with IgE-mediated allergic diseases (i.e. allergic rhi-

nitis, asthma and urticaria). The reciprocal downregulation of

Th1 cells by Th2 cytokines and Th2 cells by Th1 cytokines is

a key element in this hypothesis and accordingly IgE-mediated

immune diseases result from a predominance of Th2 cells and

are, furthermore, negatively regulated by Th1 cells. Contact

sensitization, asthma and allergic rhinitis are all common

conditions of which increasing prevalences have been

reported.13–15 Recently, population-based epidemiological

studies have indicated that alcohol consumption is associated

with IgE-mediated immune diseases, probably due to an

imbalance in favour of Th2 cell predominance.16–19 From
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these findings, it is likely that alcohol consumption may also

have an influence on the development of contact sensitization

where a Th1-dominated immune response plays a major role

in the pathogenesis. Hence, we decided to investigate whether

alcohol consumption is associated with contact sensitization in

a general population.

Materials and methods

Baseline study

The study was conducted according to a two-stage protocol.

In the first stage a screening questionnaire on respiratory

symptoms was mailed to a sample of 15- to 69-year-olds

(n = 8000) living in the Western part of Copenhagen, the

capital of Denmark. The sample was drawn randomly from

the Civil Registration System. A total of 6998 or 87Æ5%

responded to the screening questionnaire. In the second stage,

a random group and a symptom group selected among the

respondents were invited to a health examination. The symp-

tom group comprised all respondents (n = 788) who had

reported in the screening questionnaire upper (‘itchy or stuffy

nose or sneezing’) or lower (‘shortness of breath or trouble

breathing’) respiratory symptoms on exposure to either pollen

or furry animals.20 The random group comprised 647 subjects

who were randomly selected from among the remaining

respondents. Subsequently, 635 (participation rate 80Æ6%) and

477 (participation rate 75Æ5%) subjects were examined in the

symptom and random group, respectively. Thus, in total 1112

subjects (overall participation rate 77Æ5%) were examined, and

of these 1056 were patch tested. On the test day, all partici-

pants filled out another questionnaire with a variety of health

questions including questions on eczema, atopic dermatitis

and exposure to allergens. The invitational procedure and

characteristics of both participants and nonparticipants have

previously been described in more detail.20 Examinations took

place between February 1990 and January 1991. The Ethical

Committee of Copenhagen County approved the study. A

written, informed consent form was obtained from all partici-

pants prior to the beginning of the study.

Follow-up study

At the time of follow-up, 28 subjects had died, eight had emi-

grated and 12 could not be located. Thus, 1064 of the partici-

pants in the baseline study were invited to the follow-up

study; 734 subjects were examined (participation rate 69%).

We invited eligible subjects in the same months as they had

been examined in the baseline study to avoid potential sea-

sonal differences. Hence, 469 of 734 (63Æ9%) participants in

the follow up-study were examined on a date within

2 months (62 days) of the date of examination in the baseline

study. The median follow-up time was 7 years and 10 months

(range 6 years and 10 months–8 years and 8 months). The

participants were examined between October 1997 and

November 1998. The study was approved by the Ethics Com-

mittee of Copenhagen County. A comparison of characteristics

among participants and nonparticipants has previously been

presented21 and revealed that male sex and high educational

level at baseline were significantly associated with participation

in the follow-up study.

Patch tests

The patch tests used were the ready to apply TRUE-Test (ALK-

Abelló A ⁄S, Hørsholm, Denmark).22,23 The haptens differed

from the European Standard Series (Hermal-Chemi, Reinbek,

Germany) by including thiomersal and excluding primine and

formaldehyde. Directions to apply the patch tests to the upper

back 2 days before the examination were mailed with the

patch test. The patch tests were read 30–90 min after removal.

Reactions were classified according to the International Contact

Dermatitis Research Group.24 A positive reaction (+) was

defined as at least homogeneous redness and palpable infiltra-

tion in the test area. Reactions not fulfilling these criteria,

whether these were follicular reactions, faint erythema or typi-

cal irritant reactions, were classified as nonallergic reactions.

Contact sensitization was defined as a positive patch test to at

least one of 23 allergens. In 1990 ⁄1991, N.H.N. read all reac-

tions. In 1997 ⁄1998, A.L. read all reactions. In both studies,

all photographs of the test sites were reviewed by the same

professor in dermatology, and in case of disagreement consen-

sus was reached by discussion. If the tests were not applied

2 days before attending, or if the contact with the skin was

poor, a new appointment was made when possible.

Questionnaire

A questionnaire about health, lifestyle and socioeconomic fac-

tors was sent with the standard invitation letter to the partici-

pants. The participants were asked about their average weekly

consumption of beer (bottles), wine (glasses) and spirits

(standard drinks), respectively, during the last 12 months

(‘During the last 12 months, how many of the following have

you been drinking on average per week? Number of beers per

week? Number of glasses of wine per week? Number of glas-

ses ⁄units of spirits per week?’). It was assumed that one bottle

of beer, one glass of wine and one serving of spirits contain

12 g ⁄15 mL ethanol. The total weekly consumption was cal-

culated by adding the intake of beer, wine and spirits. The

total alcohol consumption was categorized as 0, 1–7, 8–14

and ‡ 15 drinks per week for the prevalence calculations and

as 0, 1–7 and ‡ 8 drinks per week for the incidence calcula-

tions. The questions used for assessment of alcohol consump-

tion have previously been validated against increased levels

(‡ 80 IU L)1) of serum c-glutamyltransferase (GGT), a mar-

ker of alcohol exposure.25 The results revealed that self-

reported total alcohol intake (total number of drinks per

week) was significantly and positively associated with

increased levels of GGT.26 Information about tobacco exposure

was obtained in the questionnaire in as much detail as possi-

ble and has been described previously.24,27 Ear piercing was
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defined as an affirmative answer to the question ‘Have you

ever had your ears pierced?’ Questions about eczema and hand

eczema included: ‘Have you ever had eczema from exposure

to earpins or earrings, under the tightener of your watch strap

or under the button of your jeans?’ and ‘have you ever had

hand eczema?’ The following socioeconomic variables were

defined: vocational training (yes, no), educational level (£ 9,

10–11, 12–13, ‡ 14 years), type of residence (house, apart-

ment, other), ownership of residence (yes, no) and social

group (self-employed, white-collar workers, skilled blue-collar

workers, unskilled blue-collar workers, others).

Statistics

Potential differences in alcohol consumption between groups

with different baseline characteristics were examined by a

2 · 2 frequency table using the v2 test. The association

between alcohol consumption (independent variable) and con-

tact sensitization (dependent variable) was analysed by logistic

regression models and expressed as odds ratios (ORs) with

95% confidence intervals (CIs). In this model, the following

potential confounders (independent variables) were consid-

ered: sex, age (15–34, 35–49, 50–69 years), smoking

(ex-smoker, never-smoker, £ 15 g daily, > 15 g daily) and

ear piercing (yes, no). In further analyses possible confound-

ing by socioeconomic variables were investigated but revealed

essentially similar results and were excluded from the final

analysis. A priori it was decided to analyse the results separately

for each gender as both contact sensitization and alcohol con-

sumption are known to be strongly related to gender. All data

were analysed with the Statistical Products and Service Solu-

tions package (SPSS Inc., Chicago, IL, U.S.A.) for Windows

(release 15.0).

Results

Tables 1, 2 show the baseline characteristics among 1112 par-

ticipants in the 1990 study. The prevalence of contact allergy

and nickel contact allergy was substantially higher among

women than among men (Table 1). Alcohol abstinence as

compared with drinking at least one drink per week was asso-

ciated with female sex (P < 0Æ001), a history of ear piercing

(P < 0Æ001) and never-smoking status (P < 0Æ02), whereas no

significant age differences were detected (Table 2). Similarly,

consumption of one to seven alcoholic drinks per week was

associated with female sex (P < 0Æ001), age 15–34 years

(P < 0Æ001), a history of ear piercing (P < 0Æ01) and never-

smoking status (P < 0Æ01). Finally, heavy drinking (‡ 15

drinks per week) as compared with drinking < 15 drinks per

week was associated with male sex (P < 0Æ001), age 50–

69 years (P < 0Æ001), no history of ear piercing (P < 0Æ001)

and heavy smoking (> 15 g daily) (P < 0Æ001).

Table 3 shows the association between alcohol consumption

and the prevalence of contact sensitization to at least one of

23 allergens in 1990. Among men, no statistical significant

association was found and the adjusted ORs were almost simi-

lar for drinkers and nondrinkers. Among women, the preva-

lence of contact sensitization was significantly lower among

nondrinkers (adjusted OR 0Æ53, 95% CI: 0Æ31–0Æ94) in com-

parison with women who consumed one to seven drinks per

week (reference group). However, the prevalence of contact

sensitization was not increased among women drinking 8–14

or ‡ 15 drinks per week. No relation between the type of

alcoholic drink and contact sensitization was found.

Table 4 shows the association of alcohol consumption

with the incidence of contact sensitization between 1990 and

1998. In total, 573 (292 men and 281 women) persons with

Table 1 The prevalence of contact

sensitization (to at least one of 23 allergens),
nickel contact allergy, allergic nickel contact

dermatitis, a history of ear piercing, skin prick
test reactivity and smoking among women

and men

Women Men

P-valuean ⁄ total (%) n ⁄ total (%)

Contact sensitization 133 ⁄574 (23Æ2) 50 ⁄482 (10Æ4) < 0Æ001

Nickel contact sensitization 87 ⁄574 (15Æ2) 7 ⁄482 (1Æ5) < 0Æ001
Allergic nickel contact dermatitisb 79 ⁄573 (13Æ8) 4 ⁄482 (0Æ8) < 0Æ001

Ear piercing 419 ⁄595 (70Æ4) 73 ⁄517 (14Æ1) < 0Æ001
Skin prick test reactivity 226 ⁄593 (38Æ1) 248 ⁄517 (48Æ0) < 0Æ001

Smoking status
Never 210 ⁄595 (35Æ3) 158 ⁄517 (30Æ6) < 0Æ001 (3 d.f.)

Previously 99 ⁄595 (16Æ6) 122 ⁄517 (23Æ6)
£ 15 g daily 199 ⁄595 (33Æ4) 106 ⁄517 (20Æ5)

> 15 g daily 87 ⁄595 (14Æ6) 131 ⁄517 (25Æ3)
Lifetime smoking

0 pack-years 227 ⁄589 (38Æ5) 171 ⁄513 (33Æ3) < 0Æ001 (2 d.f.)
£ 15 pack-years 238 ⁄589 (40Æ4) 158 ⁄513 (30Æ8)

> 15 pack-years 124 ⁄589 (21Æ1) 184 ⁄513 (35Æ9)

aP-value of v2 test for the comparison of women and men. bPersons with a history of
eczema from wearing earpins or earrings, under the tightener of one’s watch strap or

under the button of one’s jeans and a positive patch test to nickel were defined as cases of
allergic nickel contact dermatitis.
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negative patch test results in 1990 were patch tested again in

1998. Of these, 69 (12%) developed a positive patch test

reaction. No men tested positive among nondrinkers and it

was therefore impossible to calculate ORs for this category.

Among women, individuals who reported no consumption of

alcohol were more likely to develop contact sensitization

(adjusted OR 2Æ12, 95% CI: 0Æ98–4Æ61) during the 8-year fol-

low-up period. A positive trend test among women was

detected (P = 0Æ045). No relation between the type of alco-

holic drink and contact sensitization was found.

Discussion

This investigation revealed an inverse dose–response relation-

ship between alcohol consumption and incident contact sensi-

tization among women (i.e. women who consume alcohol are

less likely to develop contact sensitization than nondrinkers)

(Table 4). A possible association could not be evaluated

among men as the number of incident positive patch test reac-

tions was too low. Furthermore, it appeared that alcohol absti-

nence was associated with a lower prevalence of contact

sensitization among women (Table 3). The findings of the

cross-sectional and prospective analyses appear to be contra-

dictory as a nondrinking status (among women) was associ-

ated with a lower prevalence of contact sensitization (Table 3)

but a higher incidence of contact sensitization (Table 4). The

reason for this discrepancy is not clear. In general, the results

of prospective analyses are considered as more reliable when

determining cause–effect relationships and as less prone to

bias and confounding. Confounding seems unlikely as inde-

pendent well-known determinants of contact sensitization

were included in the analyses (i.e. female sex, history of ear

piercing and cigarette smoking).27–29 A possible source of bias

in the study could be that persons with excess alcohol con-

sumption were less likely to participate. Similarly, it is possible

that persons with a history of eczema were more likely to par-

ticipate in the study as its focus was on allergy. Random error

cannot be ruled out as this is the first epidemiological study

on this topic. Previous population-based epidemiological stud-

ies have indicated that contact sensitization and IgE-mediated

immune diseases are independent30 and that alcohol consump-

tion is associated with IgE-mediated allergic diseases.16,18 Fur-

thermore, the Th1 ⁄Th2 dichotomy would suggest an inverse

relation between alcohol consumption and contact sensitiza-

tion. Our prospective analyses indicated that the well-docu-

mented alcohol-induced impairment of Th1 immune response

found in immunological studies also can be demonstrated in

population-based epidemiological studies. Finally, it has been

hypothesized that the effect of alcohol consumption on Th2-

mediated immune responses is due to ethanol itself and not to

the nonethanol content of alcoholic drinks.26,31 In line with

this, the present results did not reveal any significant effects of

the type of alcoholic drink. However, the study size may not

have been sufficient to examine for this issue properly.

The Th1 ⁄Th2 hypothesis was introduced in the mid 1980s

and has been applied as an immunological model since then.10T
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It is becoming evident that allergic immune responses are not

always as strongly polarized as dictated by the Th1 ⁄Th2

dichotomy,11,32 as allergen-specific Th1 and Th2 cells have

been isolated from skin biopsies33 and coexpression of

Th1 and Th2 cytokines following sensitization has been

observed.34 Furthermore, it appears that the secreted Th2

cytokines are independent of the type of sensitizer.35 Recently

it was demonstrated that a subgroup of T cells, ‘T-regulatory’

(Treg) cells, suppresses both Th1- and Th2-mediated immune

responses36,37 and, furthermore, that Th17 cells secrete inter-

leukin (IL)-17 that provides defence against extracellular bac-

teria and is involved in the inflammatory process of cancer

and autoimmune diseases.38–40 The differentiation of Th17

cells is inhibited by cytokines from both Th1 and Th2 cells

[interferon (IFN)-c and IL-4] and is stimulated by transform-

ing growth factor-b1 and IL-23.40 Similar to the reciprocal

interaction of Th1 and Th2 cells, Th17 cells are involved in

reciprocal interaction with Th1 cells (i.e. Th1 cells inhibit the

inflammatory damage caused by Th17 cells via the secretion

of IFN-c).11 Finally, Th17 cells and Treg cells show reciprocal

interactions through the action of IL-6.11

The exact mechanism played by alcohol consumption in

allergic skin diseases has only partly been elucidated,

whereas the effect of alcohol on pulmonary host defence

has been investigated to a greater extent.41 Alcohol mainly

displays its effect on antigen-presenting cells (APCs) (both

in vitro and in vivo) where it leads to a decreased T-cell activa-

tion.42 It can inhibit the antigen-presenting capacity of these

cells for nearly 7 days.42 Glutathione levels in APCs may

influence whether a Th1 or Th2 response will develop.43

Glutathione inhibition prevents IL-12 synthesis in APCs and

leads to an increased production of IL-4 and thus a Th2-

mediated immune response.44,45 As alcohol is an inhibitor

of glutathione synthesis, consumption may lead to IgE-medi-

ated allergic diseases and possibly prevent contact sensitiza-

tion. Furthermore, ethanol leads to increased gut

permeability which in turn leads to increased absorption of

endotoxins (lipopolysaccharides).31 Monocyte CD14 receptors

may then interact with absorbed lipopolysaccharides and in-

directly favour IgE synthesis.31 In addition, it has been indi-

cated that alcohol consumption inhibits Th1-mediated

immune responses both in vitro and in vivo (and in acute and

chronic alcohol intake).46–48 Smith et al.48 showed that alco-

hol intake reduced the probability of developing a delayed-

type hypersensitivity in 166 healthy individuals. Apparently,

alcohol interferes with early cell surface-associated signal

transduction phosphorylation events leading to impaired

IFN-c and IL-12 secretion, whereas IL-2 synthesis is almost

unaffected.49–51 Administration of IL-12 can restore IFN-c
levels and delayed-type hypersensitivity reactions.5 A Th2-

mediated immune response is caused by the synthesis of

IL-4 that leads to elevated levels of serum IgE.44 At present,

Table 4 The effect of alcohol consumption on the incidence of contact sensitization between 1990 and 1998

Alcohol

consumption
(drinks per week)

Men Women

Contact

sensitization,
n (%)

Odds ratio
(95% CI)

Adjusted odds
ratioa (95% CI)

Contact

sensitization,
n (%)

Odds ratio
(95% CI)

Adjusted odds
ratioa (95% CI)

0 0 (0) – – 14 (23Æ0) 1Æ69 (0Æ82–3Æ48) 2Æ12 (0Æ98–4Æ61)

1–7 13 (9Æ4) 1Æ00 1Æ00 27 (15Æ0) 1Æ00, P = 0Æ071b 1Æ00, P = 0Æ045b

‡ 8 11 (8Æ1) 0Æ94 (0Æ38–2Æ23) 0Æ84 (0Æ37–1Æ96) 4 (12Æ5) 0Æ72 (0Æ23–2Æ26) 0Æ91 (0Æ28–2Æ89)

Total 24 ⁄292 (8Æ2) 45 ⁄281 (16Æ0)

aAdjusted for age, ear piercing and smoking. bP-value for test for trend. CI, confidence interval.

Table 3 The association between alcohol consumption and the prevalence of contact sensitization (a positive patch test to at least one of 23
allergens) in 1990

Alcohol

consumption
(drinks per week)

Men Women

Contact

sensitization, n (%)

Odds ratio

(95% CI)

Adjusted odds

ratioa (95% CI)

Contact
sensitization,

n (%)

Odds ratio

(95% CI)

Adjusted odds

ratioa (95% CI)

0 2 (6Æ7) 0Æ52 (0Æ12–2Æ23) 0Æ62 (0Æ13–2Æ83) 19 (15Æ3) 0Æ54 (0Æ31–0Æ95) 0Æ53 (0Æ31–0Æ94)
1–7 28 (12Æ2) 1Æ00 1Æ00 85 (24Æ9) 1Æ00 1Æ00

8–14 9 (9Æ1) 0Æ72 (0Æ33–1Æ59) 0Æ67 (0Æ30–1Æ51) 23 (27Æ7) 1Æ16 (0Æ67–1Æ99) 1Æ20 (0Æ68–2Æ20)
‡ 15 11 (8Æ9) 0Æ71 (0Æ34–1Æ47) 0Æ67 (0Æ30–1Æ44) 6 (25Æ0) 1Æ00 (0Æ38–2Æ62) 0Æ90 (0Æ33–2Æ48)

Total 50 ⁄482 (10Æ4) 133 ⁄573 (23Æ2)

aAdjusted for age, ear piercing and smoking. CI, confidence interval.
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little is known about the effect of alcohol on Treg cells and

Th17 cells but it has been demonstrated that alcohol can

suppress IL-17 synthesis in the lungs.52

Despite its shortcomings, the Th1 ⁄Th2 hypothesis remains

illuminating. It is acknowledged that no single cytokine can

regulate a vital process such as tissue damage and that a

refinement of the model is necessary. However, it demon-

strates that a reciprocal interaction between whole subsets of

T cells (i.e. Th1 and Th2) is a key point in inflammatory

responses. It therefore continues to guide our perspective on

allergic immune responses to a great extent. There is evi-

dence to support that alcohol leads to a Th2 deviation of the

immune system and that a Th1-mediated response is

impaired.16,18 For the first time ever, we are able to show

that it is probable that alcohol consumption prevents the

development of contact sensitization. This finding supports

previous immunological studies but also raises important

questions for future allergy testing (i.e. should patient medi-

cal histories contain information about alcohol consumption

in order to interpret the outcome of patch testing or skin

prick testing better?). Recently, we initiated the third consec-

utive Glostrup Allergy study. It will hopefully bring us

another chance to investigate what role is played by alcohol

in the development of contact sensitization and IgE-mediated

allergic diseases.
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