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ABSTRACT
Background: The immune-modulating effects of alcohol and smoking are well known through a great body of research. Furthermore, many studies have

been performed on the influence of alcohol and smoking on the development of allergic disease. However, previous studies have reported conflicting results with
associations between alcohol intake or smoking and risk of allergy. The purpose of this study was to evaluate the effects of alcohol consumption and smoking
on total serum immunoglobulin E (TIgE) and prevalence of sensitization to Dermatophagoides farinae in a representative sample of Korean adults.

Methods: TIgE levels and IgE levels specific to D. farinae were measured. Alcohol, smoking habit, and other influencing variables were obtained from the
2010 Korean National Health and Nutrition Examination.

Results: Smoking (smoked five packs or more in lifetime) was independently associated with increased risk of sensitization to D. farinae (odds ratio [OR],
1.439; 95% CI, 1.075–1.927). Frequent alcohol drinking (more than four times a week) also showed similar association when compared with subjects who drank
less than once per month (OR, 2.052; 95% CI, 1.257–3.350). TIgE levels were also increased along with increased frequency of alcohol drinking. However,
smoking habit was not related to TIgE levels.

Conclusion: These findings suggest that history of smoking and frequent alcohol consumption are significantly associated with increased prevalence of
sensitization to D. farinae. In addition, frequency of alcohol drinking was also related to a moderate increase in TIgE levels in Korean adults.

(Am J Rhinol Allergy 28, e35–e39, 2014; doi: 10.2500/ajra.2014.28.3999)

Allergic diseases, such as allergic rhinitis, allergic asthma, and
atopic dermatitis, are inflammatory conditions caused by in-

creased Th2 immune response, and immunoglobulin E (IgE) plays an
important role in allergic processes. The prevalence of allergic disease
and associated social economic burden has continued to increase in
recent years. Genetic and environmental factors, such as westernized
life style, urbanization, and overhygiene, have been attributed to an
increase in prevalence of allergic diseases.1,2 Because of this, many
studies have evaluated influencing factors that develop allergic dis-
ease.

Alcohol and smoking are well-known factors related to nonallergic
health problems, such as cardiovascular diseases or cancerous condi-
tions. Moreover, immune-modulating adverse effects of alcohol and
smoking have been proved.3,4 There are some reports suggesting an
association between alcohol intake or smoking and specific allergic
diseases. Karvonen et al. and Lerbaek et al. reported that alcohol
intake is related with eczematous dermatitis.5,6 González-Quintela
showed that alcohol consumption increased sensitization rates to
pollen.7 Thyssen et al. reported that the prevalence of nickel sensiti-
zation was higher in previous and current smokers than in nonsmok-
ers.8 However, other studies have reported conflicting results. Mortaz
showed that smoking reduced allergic activation of mouse mast cells
and also suppressed cytokine release, such as TNF-a and IL-6, but not
leukotrienes.9 Personal and parental smoking may reduce the risk of
allergic sensitization in people with a family history of atopy; how-
ever, this association is not shown in subjects whose parents did not
have a history of atopic disease.10 Additionally, there is a report that
maternal alcohol intake reduced the IgE level in cord blood.11

Although many studies have been investigated the effects of alco-
hol and smoking on allergic sensitization in Western countries, ge-
netic and racial differences in response to alcohol and smoking can

exist. Adverse reaction of alcohol consumption can be more promi-
nent in the Asian population, among whom the capacity to metabo-
lize acetaldehyde is reduced.12 The risk of attention-deficit and hy-
peractivity disorder increases as blood cotinine levels increase in
children whose parents had tobacco history, and this effect varies
across racial groups.13

However, studies on the association between alcohol intake or
smoking and allergic sensitization continue to be lacking. We evalu-
ated the cross-sectional association between alcohol consumption and
smoking on the sensitization to Dermatophagoides farinae in Korean
adults.

METHODS

Study Population
The data from the 2010 Korean National Health and Nutrition

Examination Survey conducted by the Ministry of Health and Welfare
in Korea were used for this research. The overall survey consisted of
a health interview survey, a health examination survey, and a nutri-
tion survey. It was a cross-sectional nationwide study for noninstitu-
tionalized civilians using a stratified, multistage probability sampling
design.

Detailed information on the design of Korean National Health and
Nutrition Examination Survey has been reported in a previous
study.14 For the present study, we obtained the data for adults be-
tween the ages of 20 and 60 years and excluded subjects with incom-
plete laboratory and survey data. Subsequent to this, the data for 1469
subjects (760 men and 709 women) were used for this analysis. The
Institutional Review Board at the Jeju National University Hospital
(Jeju, South Korea) approved this study. Written informed consent
was obtained from all participants.

Information on alcohol and tobacco consumption was obtained
from a self-registered questionnaire. Frequency of alcohol consump-
tion was classified into four categories: �1 a month, 2–4 times a
month, 2–3 times a week, and �4 times a week, according to the
average number of drinks during the past 1 year. The amount of
alcohol intake was classified into five categories: 1–2 glasses, 3–4
glasses, 5–6 glasses, 7–8 glasses, and �10 glasses, according to the
average amount of drinks in one drinking session. Smoking habit was
divided into nonsmoker (never smoked or smoked �5 packs in
lifetime) and smoker (smoked �5 packs in lifetime). Demographic

From the 1Department of Otorhinolaryngology, Yonsei University College of Medicine,
Seoul, Korea, and 2Department of Otorhinolaryngology, Jeju National University
School of Medicine, Jeju, Korea
Funded by a research grant from Jeju National University Hospital
The authors have no conflicts of interest to declare pertaining to this article
Address correspondence to Jeong Hong Kim, M.D., Department of Otorhinolaryngol-
ogy, Jeju National University School of Medicine, 102 Jejudaehakno, Jeju 690-756,
Republic of Korea
E-mail address: jeonghongkimmd@gmail.com
Copyright © 2014, OceanSide Publications, Inc., U.S.A.

American Journal of Rhinology & Allergy e35

DO N
OT C

OPY



variables, such as age, sex, and body mass index (BMI), were also
included. Age was grouped as 20–29 years, 30–39 years, 40–49 years,
and 50–60 years. BMI was calculated using the following formula
(BMI � weight [kg]/height2 [m2]) and categorized into underweight
(�20 kg/m2), normal (20 kg/m2–24.99 kg/m2), overweight (25 kg/
m2–29.99 kg/m2), and obese (�30 kg/m2). Economic status was clas-
sified into quartiles, according to household income: lowest
(�US$918.3), medium–lowest (US$918.3�1836.5), medium–highest
(US$1826.6�3213.9), and highest (�US$3214.0).

Blood samples were collected after fasting for at least 8 hours.
Samples were immediately processed, refrigerated, and transported
in cold storage to NeoDin Medical Institute (Seoul, South Korea). The
samples were analyzed within 24 hours. Total serum IgE (TIgE) and
specific IgE for D. farinae were measured using a 1470 WIZARD
�-Counter analyzer (PerkinElmer, Turku, Finland) with Immuno-
CAP100 (Phadia, Uppsala, Sweden). D. farinae sensitization was de-
fined as specific IgE to D. farinae level of �0.35 kU/L.

Statistical Analysis
TIgE levels were expressed as median and interquartile range be-

cause this variable did not show normal distribution after Kolomogo-
rov-Smirnov test (Table 1) The p value was assessed by Mann-Whit-
ney test or Kruskal-Wallis test, as appropriate. Number of subjects
sensitized to D. farinae are shown in Table 2, and logistic regression
analysis was used to calculate the crude odd ratios (ORs). To evaluate
the independent effects of variables to TIgE levels, multivariate linear
regression model was used (Table 3). For this analysis, TIgE levels
were transformed into their natural logarithm for normal distribu-
tion. In addition, logistic regression analysis was performed to eval-
uate the association between possible influencing factors and D. fari-
nae sensitization. All data were analyzed with the Statistical Products
and Service Solutions package for Windows (Release 17.0; SPSS, Inc.,
Chicago, IL). A value of p � 0.05 was considered statistically signif-
icant.

RESULTS
The prevalence of smoking was higher in men than women (76.6%

versus 10.3%), and the prevalence of subjects drinking alcohol less
than one time per month was higher for women than for men (68.6%
versus 30.6%). The prevalence of smokers tended to decrease with
age, but this difference was not statistically significant. However, the
prevalence of subjects drinking alcohol less than one time per month
increased with age. The prevalence of smoking and drinking fre-
quency was higher in the overweight and obese groups than in the
underweight and normal groups.

TIgE levels ranged from 1.9 to 5000.1 kU/L. The median value was
79.9 kU/L. Table 1 showed the distribution of TIgE levels according
to gender, age group, BMI, household income, smoking, and alcohol
consumption. Smokers had higher TIgE levels than nonsmokers, and
TIgE levels were increased with increasing amount and frequency of
alcohol drinking. With regard to other variables, TIgE levels were
higher in men than in women, and the 50- to 60-year age group
showed higher levels than other age groups. TIgE levels were in-
creased with increasing BMI and decreased with increasing house-
hold income.

The overall prevalence of sensitization to D. farinae was 39.7%
(585/1471). The prevalence of sensitization to D. farinae was higher in
men (OR, 2.053; 95% CI, 1.658–2.541). Smoking habit and frequency
and amount of drinking were also associated with increased preva-
lence of sensitization, with statistical significance (Table 2). Sensitiza-
tion to D. farinae was lowest for the 40- to 49-year age group. The 20-
to 29-year age group (OR, 1.951; 95% CI, 1.443–2.636) presented
significantly higher prevalence compared with the reference group
(40- to 59-year old group). However, BMI and household income
were not associated with sensitization to D. farinae.

To evaluate independent influences of smoking and alcohol intake,
multivariate linear regression analysis was performed using logarith-
mic transformed total IgE (LnTIgE). All possible variables (gender,
smoking, alcohol consumption, BMI, and household income) were
entered for analysis. The result showed that sensitization to D. farinae
was mainly associated with LnTIgE levels. The frequency of alcohol
drinking showed an association with increased LnTIgE. In addition,
male gender, age between 50 and 60 years, increased frequency of
alcohol drinking, and household income were related to LnTIgE
levels. However, smoking history did not have any significant rela-
tionship to LnTIgE levels.

Table 4 presents the result of multivariate logistic regression anal-
ysis. In model A, some variables (smoking, frequency, and amount of
alcohol drinking) were analyzed after adjusting for gender, age, BMI
and household income, whereas all variables were entered in model
B. Smoking was positively related with higher prevalence of sensiti-
zation to D. farinae, which was similarly shown in both models A and
B (OR, 1.587, and 95% CI, 1.194–2.108; OR 1.43, and 95% CI, 1.075–
1.927, respectively). Moreover, frequent drinking (more than four
times a week) was related to increased risk of sensitization to D.

Table 1 Distribution of TIgE values according to various
variables

Variables TIgE (kU/L) p Value

Gender
Males (n � 760) 127.0 (43.9–361.7) �0.001
Females (n � 709) 53.7 (22.8–131.5)

Age group (yr)
20–29 (n � 361) 79.5 (28.9–207.5) 0.014
30–39 (n � 369) 69.0 (28.9–204.5)
40–49 (n � 357) 71.8 (31.5–208.5)
50–60 (n � 382) 105.0 (33.2–336.0)

Smoking
Smoke (n � 656) 126.0 (43.2–374.5) �0.001
Nonsmoke (n � 813) 58.1 (25.0–149.0)

Frequency of drink
�1 time/mo (n � 718) 56.3 (23.4–141.0) �0.001
2–4 times/mo (n � 405) 94.3 (33.0–261.5)
2–3 times/wk (n � 245) 128.0 (41.6–360.5)
�4 times/wk (n � 101) 283.0 (88.7–568.0)

Amount of drinking
none (n � 251) 67.6 (23.9–159.0) �0.001
1–4 Glasses (n � 605) 59.3 (27.5–181.5)
5–9 Glasses (n � 398) 96.5 (37.7–323.5)
�10 Glasses (n � 215) 147.0 (44.9–394.0)

BMI
Underweight (n � 200) 58.0 (21.1–152.0) �0.001
Normal (n � 819) 75.4 (31.0–216.7)
Overweight (n � 406) 101.5 (33.3–326.0)
Obese (n � 44) 121.0 (49.2–644.5)

Economic class
Lowest (n � 149) 113.0 (42.5–335.7) �0.036
Medium–low (n � 389) 86.5 (30.4–251.5)
Medium–high (n � 442) 69.5 (29.6–206.0)
Highest (n � 489) 77.5 (29.5–238.5)

Sensitization to Dermatophagoides
farinae

Negative (n � 885) 42.6 (19.4–97.1) �0.001
Positive (n � 584) 268.5 (95.7–597.7)

Total IgE values are presented with median and interquartile range (25th–
75th percentiles).
The p value was assessed by Mann-Whitney test or Kruskal-Wallis test as
appropriate.
BMI � body mass index; TIgE � total immunoglobulin E.
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farinae in both models (OR, 2.391, and 95% CI, 1.528–3.743; OR, 2.052,
and 95% CI, 1.257–3.350). Amount of drinking was associated with
higher prevalence of sensitization to D. farinae in model A, but this
relationship was not evident in model B. In addition, the 20- to
29-year age group had significantly higher prevalence compared with
other age groups in both models. However, there was no difference
among the three remaining groups. Male gender (adjusted OR, 1.406;
95% CI, 1.042–1.896) was also positively associated with sensitization
to D. farinae in both models. BMI and household income were not
related to the prevalence of sensitization to D. farinae.

DISCUSSION
In Korean adults, we found that sensitization to D. farinae was

significantly associated with an increase in smoking history (more
than five packs a year) and frequency of alcohol intake (more than
four times a week). Frequent drinking was also independently related
to increased TIgE levels. Smokers had higher TIgE levels compared
with nonsmokers. However, smoking did not show an association to
increased TIgE levels after adjusting for confounding variables. These

results suggested that alcohol consumption and smoking might be
related with increased risk of allergic sensitization.

There have been many studies regarding immune-modulating ef-
fects of alcohol and smoking. Most studies suggested immunosup-
pressive effects of alcohol. Ethanol is known to reduce cytokine
production, lymphocyte activity, and mast cell degranulation.15–17

Recently, some studies have reported that alcohol ingestion could
cause Th1/Th2 imbalance, which might predispose a person to aller-
gic diseases.18,19 In contrast, other studies have reported conflicting
results with associations among alcohol and risk of allergic sensitiza-
tion and TIgE level.2,5,20 Thyssen et al. have suggested that alcohol
consumption is not associated with nickel sensitization and contact
allergic sensitization.8

Our results showed that frequent alcohol drinking might increase
TIgE levels and risk of allergic sensitization, especially to D. farinae.
Most studies supported that alcohol drinking could increase TIgE
levels and risk of allergic disease.

In studies on the effect of smoking to allergic sensitization, discor-
dant findings were more commonly reported. Some reports showed

Table 2 Crude OR for the association between Dermatophagoides
farinae sensitization and various confounding variables by
logistic regression analysis

Dermatophagoides
farinae–Specific

IgE (n)

OR (95% CI)* p Value*

<0.35
kU/L

>0.35
kU/L

Sex
Male 396 364 2.053 (1.658–2.541) <0.001
Female 489 220 Reference

Age (yr)
20–29 182 179 1.951 (1.443–2.636) <0.001
30–39 226 143 1.264 (0.933–1.711) 0.13
40–49 237 120 reference
50–60 240 142 1.173 (0.868–1.587) 0.299

Smoking
Smoker 334 322 2.023 (1.637–2.502) <0.001
Nonsmoker 551 262 Reference

Frequency of
drinking

�1 time/mo 478 240 Reference
2–4 times/mo 233 172 1.467 (1.142–1.885) 0.003
2–3 times/wk 132 113 1.701 (1.267–2.285) <0.001
�4 times/wk 42 59 2.792 (1.826–4.270) <0.001

Amount of drinking
None 171 80 Reference
1–4 glasses 399 206 1.096 (0.802–1.499) 0.565
5–9 glasses 215 183 1.807 (1.300–2.513) <0.001
�10 glasses 100 115 2.442 (1.676–3.558) <0.001

BMI
Underweight 128 72 0.883 (0.639–1.219) 0.449
Normal 501 318 Reference
Overweight 239 167 1.119 (0.878–1.427) 0.363
Obese 21 23 1.730 (0.942–3.177) 0.077

Economic class
Lowest 85 64 Reference
Medium–low 216 173 1.067 (0.729–1.563) 0.737
Medium–high 286 156 0.722 (0.495–1.055) 0.092
Highest 298 191 0.848 (0.584–1.230) 0.385

*A value of p � 0.05: presented in boldface type.
BMI � body mass index; IgE � immunoglobulin E; OR � odds ratio.

Table 3 Independent association between logarithmic
transformation of TIgE and variables by multivariate linear
regression analysis

Variables Coefficient SE p Value

Gender
Female reference
Male 0.378 0.086 <0.001

Age (yr)
20–29 �0.058 0.087 0.507
30–39 Reference
40–49 0.102 0.087 0.241
50–59 0.361 0.088 <0.001

Smoking
Nonsmoker Reference
Smoker 0.106 0.084 0.206

Frequency of drink
�1 time/mo Reference
2–4 times/mo 0.305 0.083 <0.001
2–3 times/wk 0.477 0.101 <0.001
�4 times/wk 0.735 0.139 <0.001

Amount of drinking
None Reference
1–4 glasses �0.148 0.093 0.111
5–9 glasses �0.226 0.117 0.054
� 10 glasses �0.249 0.138 0.071

BMI
Underweight Reference
Normal �0.013 0.094 0.89
Overweight 0.132 0.071 0.063
Obese 0.327 0.178 0.068

Economic class
Lowest Reference
Medium–low �0.25 0.112 0.025
Medium–high �0.201 0.11 0.068
Highest �0.28 0.108 0.01

Sensitization to
Dermatophagoides
farina

Negative Reference
Positive 1.621 0.063 <0.001

All variables were entered. The value of p � 0.05 is presented in boldface
type.
TIgE � total immunoglobulin E; BMI � body mass index; SE � standard
error.
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that smoking might be a risk factor for allergic sensitization, but
others have indicated a protective role of smoking.8,10,21–24

These discordant results were usually caused by study design and
variables included in analyses. Jarvis et al. showed that cat and grass
sensitization was less prevalent among smokers, but smokers were at
increased risk of sensitization to house-dust mites, which was also
observed in our study.25

The mechanism by which alcohol consumption and smoking is
associated with TIgE production is unknown. It was presumed that
alcohol consumption induces a shift toward Th2 cell responses and
increases the production of Th2 cytokines involved in IgE synthesis,
which represents elevated TIgE levels in alcoholic subjects.3 It was
also speculated that nicotine from smoking modulates immune sys-
tems through effects on Th2 and B cells, resulting in the production of
cytokines and IL-4 by the Th2 cells and a switch from IgG1 to IgE
production by B cells.26,27

On one hand, TIgE levels were significantly higher in the 50- to
60-year age group compared with other age groups in our study.
However, there were no differences among other age groups. On the
other hand, sensitization to D. farinae was more prevalent in the 20- to
29-year age group compared with older groups.

High TIgE levels were related to various conditions, such as para-
site infection, hematologic diseases, and rheumatologic diseases.
There were also previous results on the relationship between TIgE
levels and age. Previous reports showed that TIgE level is the highest
in teenagers between the ages of 10 and 15 years and decreased
afterward.28,29 However, our results showed different distribution of
TIgE levels compared with the results from previous studies. TIgE
levels did not decrease with advancing age. On the contrary, the
levels were increased in the 50- to 60-year age group. This difference
was also shown in previous studies, which could be caused by ethnic
differences.30,31

Some studies have investigated the relationship between gender
and TIgE levels. Kerkhof et al. reported that TIgE levels were inde-
pendently higher in male subjects. Our results also support this
previous finding.32 Similarly, Litonjua et al. reported that low house-
hold income, high serum cotinine level, and high BMI were related to
increased TIgE levels.31 With regard to economic status, our data
showed that TIgE levels were decreased along with increases in
household income. This result was not influenced even after adjusting
for other variables, including sensitization to D. farinae, and this
correlates with previous findings by Lewis et al.33

There are several weaknesses to our study. First, this survey did not
estimate the exact frequency or amount of tobacco and alcohol con-
sumption. We used smoking history, frequency of drinking, and
amount of drinking as variables. More detailed assessment on the
amount of smoking and alcohol consumption was needed. Second,
we only tested D. farinae–specific IgE. Although D. farinae is one of
most common allergens, IgE levels for other allergens should be
included. Third, secondhand smoking was not evaluated in this anal-
ysis, but variables related to secondhand smoking should be included
for more detailed investigation. Fourth, our study did not collect
information on individual allergic diseases or symptoms. Allergic
sensitization and higher TIgE did not imply that a subject had allergic
disease. Therefore, clinical severity of allergic diseases should be
considered in future studies. Finally, other possible variables, such as
family history of allergy, should be included in future studies.

Nevertheless, our study suggests that smoking history and frequent
alcohol consumption are significantly associated with increases in the
prevalence of sensitization to D. farinae. Frequency of alcohol drinking
over four times a week was also related with increases in TIgE levels
in Korean adults.
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