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Purpose: This study was conducted to evaluate the association between AR and mental health status in the general Korean adult population and
to investigate the relative burden of AR on mental health using the Allergic Rhinitis and Its Impact on Asthma (ARIA) classification. Methods: A
cross-sectional study was performed by using data from 11,154 individuals, 19 years old or older in the Korean National Health and Nutrition Exami-
nation Survey 2011-2012. Univariate analysis was conducted in the healthy AR groups with weighted prevalence of demographic characteristics,
socioeconomic status, and comorbid diseases. Subanalysis that classified AR severity according to the ARIA classification was carried out to evalu-
ate the relationship of AR severity with mental health. The odds ratios (ORs) for each component representing mental health status were estimated
by multiple logistic regression analysis with confounder adjustment. Results: Univariate analysis with the chi-square test after adjustment for age,
sex, body mass index, smoking status, alcohol use status, and exercise status, components representing mental health status showed a linear rela-
tionship with the severity of AR according to the ARIA classification. Stress, depressive mood, suicidal thoughts, and psychological consultation fac-
tors were correlated with AR after adjustment for demographic characteristics and socioeconomic status. Even after adjustment for comorbid aller-
gic diseases, the correlation remained significant with stress, depressive mood, and psychological consultation factors (OR [95% CIJ; 1.227 [1.042,
1.445], 1.368[1.095, 1.71], 1.804 [1.096, 2.969], respectively). Conclusions: Patients with AR appear to be at higher risk of mental disorders in the
general Korean adult population. Moreover, persistent or severe AR was correlated with poor mental health. Therefore, better control of AR may be
conducive to better mental health, and more attention should be paid to the psychological status of AR patients.
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INTRODUCTION

Allergic rhinitis (AR) is one of the most common chronic dis-
eases and impairs sufferers’ quality of life, sleep, and work per-
formance.' The incidence of AR was 12% in the European Com-
munity Respiratory Health Survey Worldwide.” The prevalence
of allergies was 23.5% of the general US population in the
NHANES 2005-2006,® and in an Asia-Pacific Survey the AR
prevalence ranged from 2.5% to 13.2%.* Over the last decade,
an increasing prevalence of AR has become a worldwide
trend,*® including Korea.” AR is associated with physical, emo-
tional, social impairments and difficulties at work or school.>"
There are several reports describing the association between
allergies and depressive disorder/anxiety/sleep disturbance/
suicide risk."*"® From 2006 through 2010, the suicide rate in Ko-
rea has increased from 21.8 per 100,000 to 31.2 per 100,000,
which is the highest among the Organization for Economic Co-
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operation and Development countries in 2011." The increasing
prevalence of AR and growing concern about mental health
should be regarded as serious public health issues in Korea.
There have been no studies reporting association between AR
and mental health in the Korea population.

We therefore assessed the relationship between AR and men-
tal health using the Fifth Korean National Health and Nutrition
Examination Survey (KNHANES), including subanalysis ac-
cording to the Allergic Rhinitis and Its Impact on Asthma
(ARIA) criteria.
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MATERIALS AND METHODS

Study population

KNHANES V (2011-2012) was a nationwide non-institutional-
ized civilian population-based survey in South Korea. The pro-
tocol was approved by the Institutional Review Board of the Ko-
rea Centers for Disease Control and Prevention (2011-02CON-
06-C, 2012-01EXP-01-2C), and all individuals signed informed
consent forms. Stratified multistage cluster random sampling
designed by the rolling-survey sampling method was used in
the survey."” Therefore, the rolling samples collected are the
probabilities that represent the Korean general population,
which are independent of and homogeneous to each other. In
2011-2012, weighted 15,308 individuals participated in the oto-
rhinolaryngologic surveys. Among the 15,308 participants, we
excluded the following participants: those younger than 19
years (n=3,717) and those who did not completely answer
questions about rhinitis symptoms, mental health, sociodemo-
graphic factors, and comorbid diseases (n=1,705). Thus, the fi-
nal total number of weighted participants (n=11,154; un-
weighted n=23,893,740) was eligible for our study (Fig. 1).

Demographic characteristics

The questionnaires were administered face to face by the phy-
sicians or interviewers. Age was clustered into 7 subgroups by
10-year periods. Body mass index (BMI) was calculated by di-
viding body weight in kilograms by the square of height in me-
ters. BMI and sleep time were compared by using mean values.
Current cigarette smokers were categorized as “yes” for partici-
pants who had smoked more than 100 cigarettes during their
lifetime and current smoking state. The amount of pure alcohol
consumed (in grams per day) was estimated by the average
quantity of alcoholic beverages consumed and the frequency of
alcohol consumption. Participants who drank more than 30 g/
day were categorized as heavy drinkers.'® Participants who
commit to moderate physical activity at least 5 days per week

15, 308 participants

Participants<19 years old (n=3,717)

Incomplete data (n=1,705)

Total study population
(n=11,154)

Fig. 1. Schematic illustration of the study population.
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for more than 30 minutes each day and/or strenuous physical
activity for more than 20 minutes per session at least 3 days per
week were classified as the regular exercise group.” Residency
was categorized into urban and rural areas according to the of-
ficial address of the subjects. The category of ‘low income’ cor-
responded to the lowest quartile of annual household income.
The education level of the subject was classified as high if the
participant finished education beyond middle school (higher
than the ninth grade). Marital status was divided into single or
married.

Assessment of variables

Since prevalence based on symptoms alone may represent an
overestimation,® the self-report rhinitis measure used in our
study can be considered to be physician-diagnosed AR. The fol-
lowing question was used to assess physician-diagnosed AR for
each participant: “Have you been diagnosed with AR by a doc-
tor?”" Physician-diagnosed depression was also determined by
using similar questions: “Have you been diagnosed with depres-
sion by a doctor?” Stress levels assessed by the questionnaire
were categorized into low (none or small amount) or high (some
or extreme). A separate set of questionnaires assessed partici-
pants for the presence of depressive symptoms and suicidal
thoughts. We asked about depressive symptoms: “During the
past year, have you felt feelings of sadness or hopelessness that
persisted for at least 2 weeks and that disrupted your social life?”
(yes/no). For suicidal thoughts, participants were asked, “Dur-
ing the past year, have you ever felt that you were willing to die?”
(yes/no). For psychological consultation, “During the past year,
have you ever received any consultation through interview, tele-
phone, or online because of psychological problems” (yes/no).
We also used the EuroQol 5-Dimension (EQ-5D) that has been
widely used for the measurement of general health-related
quality of life. The EQ-5D records the level of self-reported prob-
lems evaluated in 5 dimensions (i.e., mobility, self-care, usual
activities, pain/discomfort, and anxiety/depression). For each
dimension, participants chose 1 of the 3 levels of severity (1, no
problem; 2, some/moderate problems; 3, severe/extreme prob-
lems). We used the anxiety/depression dimension of the EQ-5D
to evaluate mental health.

Statistical analysis

Statistical analyses were performed by using Statistical Analy-
sis Software (SAS) version 9.3 (SAS Institute, Cary, NC, USA). To
calculate unbiased national estimates representing the general
Korean population, we used KNHANES sample weights ac-
counting for the complex sampling design to each participant.”!
We measured the mean + SE or the proportion (SE). For the dif-
ferences between general characteristics of AR and healthy par-
ticipants, continuous variables were tested with the ¢ test using
the SURVEYREG procedure, while categorical variables were
tested with the Rao-Scott chi-square test using the SURVEY-
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FREQ procedure. The weighted prevalence of AR was calculated
in the Korean population after adjustment for strata and after
clustering at the primary sampling unit level. Using multiple lo-
gistic regression analysis with the SURVEYLOGISTIC procedure,
we tested the correlation between AR and mental health after
adjustment for confounding factors. Odds ratios (ORs) and 95%
confidence intervals (CIs) were estimated after adjustment for
potential confounders. Adjusted confounding factors were age,
sex, BMI, smoking status, alcohol use status, and exercise status
(model 1); age, sex, BMI, smoking status, alcohol use status, ex-
ercise status, region of residence, income, education, and mari-
tal status (model 2); and age, sex, BMI, smoking status, alcohol
use status, exercise status, region of residence, income, educa-
tion, marital status, asthma, and atopic dermatitis (model 3). A P
value of <0.05 was considered statistically significant.

RESULTS

General characteristics
A total of weighted 11,154 participants (unweighted n=

Table 1. General characteristics of the total study population

Allergic rhinitis

No Yes
Characteristic Weighted n Weightedn P value
(Unweighted n)  (Unweighted n)
9,687 (20,375,003) 1,467 (3,518,737)

Age (year) 468+03 386+05 <0.0001
Sex (male) 50.5(0.5) 450(1.5) 0.001

BMI (kg/m?) 238+0.1 23.4+0.1 <0.0001
Sleep (hour) 6.8+0 7£0 <0.0001
Current cigarette smoker 245(0.6) 18.3(1.4) 0.0001

(yes)

Heavy drinker (yes) 10.5(0.5) 95(1) 0.3596
Regular exercise (yes) 18.3(0.6) 18(1.3) 0.8768
Region (urban) 80.4(2.1) 84.4(2.3) 0.0144
Education (>9 years) 68.9(0.9) 85.2(1.1) <0.0001
Income (lowest quartile) 16.7(0.7) 7(0.9) <0.0001
Marital status (married) 86.7(0.5) 92.1(1) <0.0001
Stress (some or extreme) 26.5(0.6) 32.8(15) <0.0001
Depressive mood (yes) 12.9(0.4) 142(1.1) 0.2484
Suicidal thoughts (yes) 134(0.4) 14.3(1.1) 0.4035
Mental consultation (yes) 24(0.2) 3.1(0.6) 0.1706
Depression (yes) 4(0.2) 43(0.6) 0.6115
EQ-5D (anxiety/depression) 10.8(0.4) 10.2(1) 0.5967
Asthma (yes) 24(0.2) 55(0.8) <0.0001
Atopic dermatitis (yes) 2.3(0.2) 6.8(0.8) <0.0001

Data are expressed as mean % SE or the proportion (SE). Continuous variables
were tested with the t test using the SURVEYREG, categorical variables were
tested with the Rao-Scott chi-square test using the SURVEYFREQ procedure in
SAS to reflect the study weights.
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23,893,740) were included in the study, and the general charac-
teristics of this study population are presented in Table 1. Of
these 11,154 participants, 1,467 (unweighted n=3,518,737)
were diagnosed with AR. In univariate analysis, the significantly
higher AR prevalence was found in demographic characteris-
tics, socioeconomic status, and comorbid diseases, including
age (P<0.0001), sex (P<0.001), BMI (P<0.0001), sleep (P<
0.0001), current cigarette smoker (P=0.00001), urban residency
(P=0.0144), high education level (P<0.0001), low income
(P<0.0001), married state (P<0.0001), asthma (P<0.0001), and
atopic dermatitis (P<0.0001). Thus, demographic characteris-
tics, socioeconomic status, and comorbid diseases had the pos-
sibility of acting as potential confounders.

Among components explaining mental health, AR prevalence
was high only in stress component (P<0.001). This result could
be explained by the age factor. Fig. 2 shows the prevalence of
AR and mental health characteristics stratified by age among
the KNHANES (2011-2012) population aged =19 years. As age
increased, AR prevalence decreased (P for trend<0.0001),
while mental health components except stress component
showed an increasing trend. Therefore, univariate analysis re-
sulted in a weak relationship between AR and mental health
without adjusting for potential confounders, such as age.

To assess the relationship between AR and 6 components for
evaluating mental health, the prevalence of AR was analyzed
depending on numbers of components (Fig. 3). In categories
with components, the prevalences of AR were 13.8% (0.6),
15.8% (1.0), 16.6% (1.6), and 19.8% (4.5) (P for trend=0.0048).

Relationship between AR severity and mental health

Among 1,467 AR participants, 1,209 were further tested for
subanalysis according to the ARIA guidelines. Subanalysis was
performed on AR participants reporting at least 1 subjective al-
lergic symptom, such as sneezing, watery rhinorrhea, nasal ob-
struction, or itching, without fever or sore throat during the last

== Allergic rhinitis, %
W0 . gic rhinitis, %

—e— Stress
%5 L —o— Depressive mood
—e— Suicidal thoughts
30 + ~o— Mental consultation
Depression
25 EQ-5D (anxiety/depression)
20
15
10
5

19-29 30-39 40-49 50-59 60-69 =70

Fig. 2. The prevalence of AR and mental health characteristics according to age
groups.
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year. The participants without AR were defined as healthy. Ac-
cording to the ARIA guidelines, the prevalences of intermittent
mild, intermittent moderate/severe, persistent mild, and per-
sistent moderate/severe AR were 44.1% (1.9), 26.1% (1.9), 11.3%

19.8
16.6 '
, 4 56

30 -
2r 158
138
m J I
0
0 1,2
Fig. 3. Prevalence of AR according to numbers of mental health components
(Pfor trend=0.0048).

AR (%)
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(1.2), and 18.4% (1.6), respectively. The values of mental health
components were higher in the moderate/severe AR group
than in the mild AR group and also in the persistent AR group
than in the intermittent AR group. After adjustment for age, sex,
BMI, smoking status, alcohol use status, and exercise status, all
components had a significant P for trend (Table 2).

Multiple logistic regression analysis after adjustment for
confounders

In multiple logistic regression analysis after adjusting for de-
mographic confounding factors, the odds ratios for stress and
suicidal thoughts remained significantly higher in participants
with AR. After adjustment for socioeconomic status, borderline
results about depressive mood showed more changes in model
2 than in model 1. In model 3, regardless of adjustment for co-
morbid diseases, there remained significant associations be-
tween AR and 3 components of mental health: stress, depressive
mood, and psychological consultation components (Table 3).

Table 2. Prevalence and ORs of mental health components in each ARIA group of the AR patients

Healthy, Allergic rhinitis, % (SE) or OR (95% Cl)
% (SE) or Intermittent Intermittent Persistent Persistent ~ Pfortrend
OR (95% Cl) mild moderate/severe mild moderate/severe
Stress Unadjusted 249(06) 31.1(15) 396(27) 326(3.2) 37.3(33) <0.0001
Adjusted* 1 1.285(1.108,1.491)" 1.73(1.373,2.18)" 1.471(1.099,1.97)' 1618(1.226,2.135)" <0.0001
Depressive mood Unadjusted 125(05)  129(1) 15.7(2.3) 13.6(2.3) 18.4(2.9) 0.0118
Adjusted” 1 1.087(0.889,1.329) 1.462(1.011,2.113)" 1.191(0.804, 1.763) 1.723(1.168, 2.541)" 0.0011
Suicidal thoughts Unadjusted 13.1(0.4) 12.6(0.9) 16.5(2.1) 16.7(2.7) 195(2.7) 0.0008
Adjusted” 1 1.027(0.854,1.236) 1.536(1.134,2.08) 1.463(0.983,2.179) 1.836(1.323,2.548)" <0.0001
Mental consultation Unadjusted 22(0.2) 2.8(0.5) 24(0.8) 4.2(15) 438(1.7) 0.0142
Adjusted” 1 1.233(0.823,1.846) 1.038(0.518,2.077) 2.008(0.951,4.242) 2.176(1.012, 4.679)" 0.0199
Depression Unadjusted 4(0.3) 3.1(04) 3.1(09) 8.8(2.1) 55(1.3) 0.0956
Adjusted” 1 0.8(0.58,1.104)  0.857(0.462,1.592) 2.585(1.519,4.398)" 1.49(0.894, 2.481) 0.0265
EQ-5D (anxiety/depression) Unadjusted 10.3(0.4)  104(0.8) 11.7(1.8) 13.7(2.3) 18.2(2.6) 0.0004
Adjusted” 1 1.13(093,1.372)  1.435(0.989,2.084) 1.549(1.032,2.325)" 2.37(1.668,3.369)"  <0.0001

The values represent the multivariate-adjusted odds ratios (35% confidence intervals).
*Adjustment for age, sex, BMI, smoking status, alcohol use status, and exercise status; 'The allergic rhinitis group that significantly differed from the health group in

post hoc analysis.

Table 3. Relationship between allergic rhinitis and mental health using multiple logistic regression analysis

Mental health

Allergic rhinitis

condition Depressive Suicidal Mental . EQ-5D
Stress mood thoughts consultation Depression (anxiety/depression)
Model 1° 1.217(1.055, 1.404)*  1.211(0.996,1.473)  1.232(1.028, 1.476)* 1.245(0.812, 1.908) 1.13(0.855,1.493)  1.114(0.891,1.393)
Model 2 1.247 (1.061,1.467)*  1.37(1.097,1.709)* 1.267(1.007, 1.594)* 1.818(1.119,2.955)* 1.294(0.927,1.806)  1.204(0.935, 1.551)
Model 3° 1.227 (1.042,1.445)* 1.368(1.095,1.71)*  1.237(0.982,1.558)  1.804(1.096,2.969)* 1.254(0.897,1.752) 1.161(0.899, 1.499)

The values represent the multivariate-adjusted odds ratios (35% confidence intervals).

*P<0.05 for the test; "Model 1: Adjusted for age, sex, BMI, smoking status, alcohol use status, and exercise status; ‘Model 2: Adjusted for age, sex, BMI, smoking
status, alcohol use status, exercise status, region of residence, income, education, and marital status; *Model 3: Adjusted for age, sex, BMI, smoking status, alcohol
use status, exercise status, region of residence, income, education, marital status, asthma, and atopic dermatitis.
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DISCUSSION

In this study, we sought to determine whether mental health
would correlate with AR in a Korean adult population, which
has notyet been addressed in previous studies. Asian countries,
including Korea, have undergone rapid westernization and
economic development during the past 2 decades. In rapidly
changing environments, mental health is of increasing clinical
concern. As the prevalence of both AR and mental health-relat-
ed problems has increased, economic consequences of comor-
bid depression, anxiety, and AR haves more frequently been re-
ported.” Relationships between AR and depressive disorders
have been described in several reports. However, our cohort
taken from a nationally representative sampling of the popula-
tion represents the general Korean adult population. In addi-
tion, mental health was assessed using multidimensional ques-
tionnaire about depressive state, physician-diagnosed depres-
sion, and anxiety/depression aspect of EQ-5D. Furthermore,
subanalysis of AR according to the ARIA guidelines was carried
out to evaluate the association of AR severity with mental
health. To estimate the exact effect of AR on mental health, we
made 3 models to adjust for potential confounders, including
demographic characteristics, socioeconomic status, and co-
morbid diseases. The significance still remained even after ad-
justment for potential confounding factors.

Tonelli et al.® studied this association in the aspects of molec-
ular biology, psychoneuroimmunology, and pharmacogenet-
ics. They suggested that intranasal immune challenge could di-
rectly influence biochemical responses of the central nervous
system, which may lead to psychological disorders. Psychologi-
cal disorders in allergic patients have been proposed to affect
AR, consequently enhancing and prolonging AR symptoms.®**
Postolache et al."* hypothesized that allergens could trigger sui-
cide in patients who have triple vulnerability to suicide, mood
disorders, and allergic sensitization probably via the presence
of cytokines. In a physiological aspect, the role of nasal obstruc-
tion and its impairing effects on the quality of sleep subse-
quently result in negative effects on psychiatric symptoms.***
Also, AR-related disturbances in cognitive function and their
subsequent effect on psychological well-being were report-
ed.”®* Another plausible explanation is that shared genetic risk
of both allergies and depression may contribute to this phe-
nomenon of comorbid AR and depression.®

In our study, stress, depressive mood, suicidal thoughts, and
psychological consultation factors were correlated with AR af-
ter adjustment for demographic characteristics and socioeco-
nomic status. Even after adjustment for comorbid allergic dis-
eases (i.e., asthma and atopic dermatitis), the correlation re-
mained significant with stress, depressive mood, and psycho-
logical consultation factors. Thus, our results support the asso-
ciation between AR and poor mental health state. Moreover,
mental health components showed a linear the relationship
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with the severity of AR.

Our study has several limitations. Due to the cross-sectional
nature of the collected data, temporal relationships among the
conditions cannot be determined. However, the results may be
reliable because this is a nationwide population-based study.
In addition, the study is also subjected to recall bias because di-
agnoses of the conditions were self-reported. Even if there are
several shortcomings, this study is the first to assess complex
relationships between AR and mental health in the general Ko-
rean adult population.

CONCLUSIONS

This nationwide population-based study indicates that pa-
tients with AR appear to be at higher risk of various types of
mental health disorders. Moreover, persistent or severe AR was
correlated with poor mental health. Therefore, better control of
AR may be conducive to better mental health. However, a large
number of these patients were not diagnosed or treated for psy-
chological disorders. Thus, more attention should be paid to
the psychological status of AR patients, and appropriate treat-
ment should be provided to improve their symptoms.
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