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Abstract
Background: Epidemiological evidence between the sleep disorders and allergy-related outcomes is limited.

Objectives: The purpose of the present study was to estimate the relationship between sleep disorders and allergy-
related outcomes in adults.

Methods: We built logistic regression models to examine the associations between sleep disorders and allergy-
related outcomes in adult participants using the 2005-2006 NHANES database. Allergy-related outcomes included
sIgE levels, asthma, hay fever, sneezing, wheezing, and eczema. Sleep disorders included sleep latency, sleep length,
sleep problems, OSA symptoms, and daytime sleepiness. A t-test was used for between-group comparisons.

Results: Participants with OSA symptoms had 2.72 x higher odds of experiencing hay fever and 1.54 x higher odds
of having eczema compared to Non-OSA symptoms participants. Participants with insufficient sleep (<6 h/night) had
1.27 x higher odds of developing allergic sensitisation compared to participants with adequate sleep (7-8 h/night).
Sneezing was positively associated with sleep problems (OR: 1.706; 95% Cl 1.386, 2.099), OSA symptoms (OR: 1.297;
95% Cl 1.049, 1.605), and daytime sleepiness (OR: 1.569; 95% Cl 1.205, 2.04).

Conclusion: Our findings suggest a positive association between allergy-related outcomes and sleep disorders. In
particular, OSA symptoms, daytime sleepiness, and sleep problems are strongly associated with allergic conditions.
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Introduction

Allergic disease is highly prevalent and has become a
major public health problem worldwide [1]. Over the
past several decades, IgE sensitisation has increased
significantly and is a key factor in the development of
allergic diseases [2]. Ordinary allergic diseases include
eczema, asthma, allergic rhinitis, and hay fever. Eczema
typically occurs at a young age and may develop into
wheezing and allergic rhinitis. Persistent wheezing may
develop into asthma [3], which affects approximately
235 million people worldwide [4]. The annual direct
and indirect costs of allergic rhinitis reached USD 24.8
billion in 2014 [5]. Recent surveys have indicated that
the global incidence of allergic reactions is between 50
and 112 cases per 100,000 individuals per year, with

a lifetime prevalence of approximately 0.3-5.1% [6].
These data underscore the heavy burden imposed by
allergic diseases on societal health and the economy.
Therefore, identifying effective preventive methods and
modifiable risk factors for allergic rhinitis is critical.
Sleep disorders are a large category of sleep-related
disorders, including insufficient sleep time, difficulty
falling asleep, early awakening, poor sleep quality,
circadian rhythm disorders, insomnia, and breathing-
related disorders [7]. Sleep disorders can result in
daytime sleepiness [8]. Insufficient sleep is a causative
factor for various chronic diseases, including obesity,
diabetes, and cardiovascular disease (CVD), which
are often co-morbid with sleep disorders [9]. Further,
demographic characteristics such as smoking, drinking,
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obesity, and household income, in addition to genetic
factors, modulate the risk of sleep disorders and allergies.

Growing evidence supports an association between
sleep disorders and allergy-related outcomes. In patients
with seasonal allergies, issues such as fatigue and sleep
disorders in addition to disease-specific symptoms are
exacerbated during the pollen season [10]. This may be
related to nasal congestion caused by allergic rhinitis.
Mechanical obstruction caused by nasal congestion may
lead to sleep apnoea [11]. A recent study of more than
5000 patients from 10 European countries reported
that insufficient sleep time (<6 h) was associated with
respiratory and nasal symptoms [12]. The interaction
between sleep and allergic skin diseases is considered
clinically significant, and sleep quality can positively
affect the progress of allergic skin diseases [13].
Obstructive sleep apnea (OSA) is the most common
sleep disorder. AR may increase airway resistance due
to higher nasal resistance, causing symptoms such as
apnea and snoring, thereby promoting the occurrence
and development of OSA [14]. The increased levels
of cytokines interleukin (IL)-1p, IL-4 and IL-10 in AR
patients have been shown to be related to the increase
of latency of rapid eye movement (REM) sleep and the
shortening of REM sleep time [15], and worsen the sleep
quality of OSA patients [16]. However, some studies have
shown that AR is not the main risk factor for OSA [17].

These findings collectively suggest various degrees of an
association between sleep disorders and allergic diseases
of respiratory tract, nose, and skin. Nevertheless, there is a
paucity of studies on this potential association and previous
studies have been limited by small sample sizes. Here,
we analyse data from the National Health and Nutrition
Examination Survey (NHANES) database to examine the
relationship between sleep and allergies in adults older than
20 years old among the large population of the US.

Methods
Epidemiologic study population
The present study used data from the National Health and
Nutrition Examination Survey (NHANES) 2005-2006,
a cross-sectional study that evaluated the nutrition and
health of adults and children in the US. NHANES is a
major program of the National Center for Health Statistics
(NCHS). The survey used a complex multi-stage design,
and the sample was selected to represent the population
of all age groups in the US. The Research Ethics Review
Board at the NCHS approved the survey protocol [18].
NHANES 2005-2006 is the only cycle of complete
questionnaires on sleep habits and allergy-related results.
In total, 10,348 participants were investigated in the
NHANES from 2005 to 2006. Our analysis was restricted
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to 2648 individuals with complete information on
allergies, sleep disorders, and model covariates.

Assessment of allergy-related results

This study assessed self-reported current allergy
conditions and allergic sensitisation as measured by
specific immunoglobulin E(sIgE). Data about allergy
conditions was received from a questionnaire that was
completed during the NHANES clinic visit. Participants
under the age of 16 years old were interviewed by a proxy
interviewee (typically their parents). Allergen sIgE levels
in serum samples were measured using the Pharmacia
Diagnostics ImmunoCAP 1000 System (Kalamazoo,
Michigan). Individuals who tested positive for at least
one allergen (>0.35 kU/L) were considered allergen-
sensitised (sIgE-positive) [19]. The five following allergic
symptoms were identified from the questionnaire [20,
21]:

Hay fever: Have you had hay fever in the past year?
(AGQO030)

Sneezing: In the past year, did you have any
sneezing, runny nose? (AGQ100)

Asthma: In the past year, have you had a history of
acute asthma attacks? (MCQ040)

Wheezing: In the past year, have you had wheezing?
(RDQO070)

Eczema: Have your doctors or health professionals
informed you that you have eczema? (AGQ180)

Assessment of sleep disturbances

We investigated sleep disorder outcomes, including
sleep duration, sleep onset latency, OSA symptoms,
sleep problems, and daytime sleepiness using a self-
questionnaire. Outcomes were defined as follows [9]:

Sleep duration [22] was classified as<6 h/night,
7-8 h/night, or > 9 h/night. (SLDO10H).

Sleep onset latency [23] was categorised into
6—-30 min/night,>30 min/night, or <5 min/night.
(SLDO20M).

OSA symptoms [9, 24]:

Have you ever been informed you that you have a
sleep disorder? (SLQO70A);

Snoring three nights or more per week while
sleeping (SLQ030);

Snorting, gasping, or cessation of breathing for three
nights or more every week during sleep (SLQ040);
Feeling extremely sleepy during the daytime 16-30
times a month. (SLQ120).
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The presence of one or more of the above issues was
defined as the presence of OSA symptoms.

Sleep problems [9]:

Have you ever been informed you that you have
trouble sleeping? (SLQ050);

Have you ever been informed you that you have a
sleep disorder? (SLQO060);

How often did you have difficulty in falling asleep in
the past month? (SLQ080);

How often did you wake up during the night and
were unable to get back to sleep in the past month?
(SLQ090);

How often did you wake up too early in the morning
and have trouble in getting back to sleep in the past
month? (SLQ100)

Responses of "frequently” or more (> 5 times/month)
to any of the above questions were considered to
indicate the presence of sleep problems.

Daytime sleepiness [9]:

How often did you feel sleepy during the day, even
though you have enough sleep at night in the past
month? (SLQ110);

How often did you wake up too early in the morning
and were unable to get back to sleep in the past
month?

Responses of "frequently” or more (> 5 times/month)
to any of the above questions were considered to
indicate the presence of daytime sleepiness.

Covariates

We adjusted the regression model for allergy-related
covariates. Demographic information including age,
gender, race/ethnicity (Mexican American, other
Hispanics, non-Hispanic white, non-Hispanic black,
and other races), education level (less than high school,
completed high school, and more than high school),
and household poverty income ratio (PIR,<1,>1) was
obtained via questionnaires [25]. Participants’ weight
divided by height squared (kg/m?) was the body mass
index (BMI). Participants were classified into normal
weight (BMI<25 kg/m?), overweight (BMI of 25-29 kg/
m?), or obesity (>30 kg/m?). Drinking and smoking
information was obtained via questionnaires. Drinking
alcohol was classified as drinking 1-4 glasses of wine a
week or drinking more than 4 glasses of wine a week.
Smoking was divided into current smoker, never smoked
(smoked <100 cigarettes), or former smoker (not a
current smoker but had smoked > 100 cigarettes) [9].

Page 4 of 11

In addition to the above model, this study also added
CVD and diabetes that have an impact on sleep disorders
[26, 27]. CVD was defined as participants with previous
congestive heart failure, coronary heart disease, angina
pectoris, heart disease, and hypertension, which can be
obtained from the medical health questionnaire. The
logistic regression model also adjusted the physical and
mental health status in the self-report.

Statistical analysis

Demographics, lifestyle, and questionnaire results were
expressed as weighted percentages. The Rao-Scott X
test was used to compare the percentages of categorical
variables between participants with and without allergic
sensitisation [29]. A logistic regression model was
established to examine the relationship between sleep
disorders and allergy-related outcomes. Multiple linear
regression analysis was performed using the Enter
method. Gender, age, race/ethnicity, education level,
poverty income ratio (PIR), BMI, smoking status, and
alcohol consumption were adjusted in Model 1. Model
2 was adjusted for the covariates of Model 1, diabetes,
CVD, and physical/mental health.

The sampling weight of the population sampling
examination (WTMEC2YR) and study design variables
(SDMVPSU and SDMVSTRA) were used for data
analysis. In all analyses, the main sampling unit
(SDMVPSU), strata (SDMVSTRA), and weight were
specified using the complex sample module in SPSS,
taking into account the complexity of the sampling
design. For analysis of clinical data, a t-test was used to
compare mean differences in variables between allergy
and control groups.

Results

Study population for epidemiologic analysis

Sample sizes and weighting characteristics of the study
sample are listed in Table 1. Study sample size was 2648
as a representation of the US population of adults aged
20 years and older. Of participants, 47.9% were women,
and 90.6% lived above the PIR. The survey population
predominantly comprised non-Hispanic  whites,
accounting for 77.2% of the population. Of participants,
62.5%, 46.4%, and 14.8% had attended college, had
never smoked, and drank more than four glasses of
wine per week, respectively. Most participants did
not have CVD (71.3%) or diabetes (94.2%). Additional
baseline characteristics of participants stratified by
specific IgE sensitisation are summarised in Table 1.
In addition to age (P<0.001) and gender (P<0.001),
specific IgE sensitisation was associated with race/
ethnicity (P<0.001), PIR (P=0.009), and smoking status
(P=0.001). No significant differences were observed
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Table 1 Sample size (n) and weighted characteristics of NHANES 2005-2006 participants

Characteristics Total Sensitized Nonsensitized P value
N Weighted N Weighted N Weighted

Sex <0.001
Male, % (SE) 1413 52.1(0.9) 745 51.3(1.3) 668 48.7 (1.3)
Female, % (SE) 1235 47.9(0.9) 505 394(1.5) 730 60.6 (1.5)

Age (years) <0.001
18-44, % (SE) 1364 51.2(2.3) 726 525(1.7) 638 475(1.7)
45-69, % (SE) 959 405 (1.7) 410 40.0(1.1) 549 60.0 (1.1)
>70,% (SE) 325 84(1.1) 114 304 (2.5) 21 69.6 (2.5)

Race/Ethnicity <0.001
Mexican American, % (SE) 507 7.4 (1.0) 236 472 (2.0) 271 52.8(2.0)
Other Hispanic, % (SE) 73 2.8(0.8) 43 58.8(6.2) 30 41.2(6.2)
Non-Hispanic White, % (SE) 1496 772 (2.4) 637 432(1.3) 859 56.8 (1.3)
Non-Hispanic Black, % (SE) 479 83(14) 288 59.7 (33) 191 403 (3.3)
Other race—including multi-racial, % (SE) 93 4.2 (0.5) 46 49.2 (4.8) 47 50.8 (4.8)

BMI 0.988
Normal, % (SE) 821 339(1.7) 380 455 (1.7) 441 54.5(1.7)
Overweight, % (SE) 930 33.3(1.3) 434 456(1.3) 496 544 (1.3)
Obese, % (SE) 876 32.8(1.7) 427 455(2.2) 449 544 (2.2)

PIR 0.009
<1 (under poverty level), % (SE) 370 9.4 (0.7) 202 55.8 (3.6) 168 442 (3.6)
> 1 (above poverty level), % (SE) 2184 90.6 (0.7) 1005 446(1.2) 1179 554(1.2)

Smoking status 0.001
Never smokers, % (SE) 1234 464 (1.1) 626 50.1(1.8) 608 499(1.8)
Former smokers, % (SE) 838 30.7 (1.3) 367 42.4(2.0) 471 576 (2.0)
Current smokers, % (SE) 576 229(14) 257 406 (1.5) 319 594 (1.5)

Alcohol consumption 0.762
1-4 drinks per week, % (SE) 2236 85.2 (0.9) 1051 45.7 (1.3) 1185 54.3(1.3)
>4 drinks per week, % (SE) 412 14.8 (0.7) 199 447 (2.9) 213 553(29)

Education level 0.251
Less than High School, % (SE) 580 13.8(1.3) 269 44.0(2.6) 311 56.0 (2.6)
Completed High School, % (SE) 628 23.7(0.8) 284 425 (2.0) 344 57.5(2.0)
More than High School, % (SE) 1440 62.5(1.9) 697 47.0(1.8) 743 53.0(1.8)

Diabetes 0.695
Yes, % (SE) 193 5.8(0.6) 87 479 (5.7) 106 52.1(5.7)
No, % (SE) 2409 94.2 (0.6) 1147 456 (1.1) 1262 544(1.1)

[@Yp) 0427
Yes, % (SE) 789 28.7(1.1) 361 44,1 (2.3) 428 559(2.3)
No, % (SE) 1856 71.3(1.1) 887 46.1(1.2) 969 539(1.2)

Sensitised = serum-specific IgE > 0.35 kUA/L; Nonsensitised = serum-specific IgE < 0.35 kUA/L. Proportions were compared using the Rao-Scott x test

in specific IgE sensitisation by BMI (P=0.988), alcohol  Sleep disorders in the study population

consumption (P=0.762), education level (P=0.251), Of participants, 34.6% slept less than 7 h per night,

diabetes (P =0.695), or CVD (P =0.427). whereas only 6.3% of participants slept more than 9 h
a night (Table 2). 31.2% of the participants fell asleep
within 5 min every night, which may also be a sign of
extreme lack of sleep. In contrast, 14.7% of participants
fell asleep more than 30 min. 42.2% of the participants
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Table 2 Sleep disorders of NHANES 2005-2006 participants

Characteristics Total Male Female P value
N Weighted N Weighted N Weighted
Sleep duration 0.26
<6 h/night, % 965 346(1.2) 535 556 (2.1) 430 444 (2.1)
7-8 h/night, % 1488 59.0(1.2) 790 513(1.2) 698 48.7 (1.2)
>9h/night, % 192 6.3 (04) 88 409 (4.4) 104 59.1 (4.4)
Sleep onset latency time 032
<5min, % 781 31.2(1.7) 455 56.9(2.2) 326 43.1(2.2)
5-30 min, % 1419 54.0(1.7) 738 506 (1.4) 681 494 (14)
>30 min, % 436 14.7 (0.8) 215 47.7 (2.0) 221 52320
Sleep problems <0.001
Yes, % 1072 422(0.9) 513 469 (14) 559 53.1(1.4)
No, % 1576 57.8(0.9) 900 559 (1.4) 676 44.1(14)
OSA symptoms 0.001
Yes, % 1323 51.8(1.5) 800 60.1 (1.5) 523 39.9(1.5)
No, % 1325 482 (1.5) 613 435(1.3) 712 56.5(1.3)
Day sleepiness <0.001
Yes, % 710 27.3(1.0) 303 435(1.8) 407 56.5(1.8)
No, % 1938 727 (1.0) 1110 553(1.2) 828 447 (1.2)

OSA: obstructive sleep apnoea

reported having sleep problems, including difficulty Associations between sleep disorders and allergic

falling asleep and waking up at night or early in the sensitisation

morning. Of participants, 27% reported feeling excessive ~ The calibration model of logistic regression analysis
sleepiness during the day and 51.8% presented with OSA  revealed that participants with insufficient sleep (<6 h/

symptoms. night) were more likely to develop allergic sensitisation
Sensitization (Model 1) Sensitization (Model 2)
Sleep Duration(P=0.035) 1265 p=0.035 127

<6hvs7-8h — —
>9h vs 7-8 h e =

Sleep Onset Latency Time(P=0.055) 1202 p=0.061 1208

<5 min vs 6-30 min — —

1077 1075

>30 min vs 6-30 min

0.934 0.939
Sleep Problems(P=0.494) — p=0.576
1.051 A
OSA symptoms(P=0.568) —— p=0.534 -l
0.967 0.985
Day Sleepiness(P=0.801) —_— p=0.911

0 0.5 1 15 2 0 05 1 15 2
Odd ratio (95% confidence interval)
Fig. 1 Associations (OR [95% Cl]) between sleep disorders and allergic sensitisation in NHANES 2005-2006 participants. Model 1 was adjusted for

gender, age, race/ethnicity, education level, PIR, BMI, smoking status, and alcohol consumption. Model 2 was adjusted for Model 1, diabetes, CVD,
and physical/mental health. Orange dots indicate statistical significance (p-value <0.05)
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Fig. 2 Associations (OR [95% Cl]) between sleep disorders and allergic symptoms (hay fever and sneezing) in NHANES 2005-2006 participants.
Model 1 was adjusted for gender, age, race/ethnicity, education level, PIR, BMI, smoking status, and alcohol consumption. Model 2 was adjusted for
Model 1, diabetes, CVD, and physical/mental health. Orange dots indicate statistical significance (p-value <0.05)
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compared to participants with adequate sleep (7-8 h/
night) (OR: 1.265; 95% CI 1.025, 1.562). The relationship
was not altered after further adjustment in Model 2 (OR:
1.274; 95% CI 1.024, 1.584). No significant associations
were noted was between sleep latency, sleep problems,
OSA symptoms, daytime sleepiness, and allergic
sensitisation (Fig. 1).

Associations between sleep disorders and allergic
symptoms

Associations between sleep disorders and hay fever,
sneezing are presented in Fig. 2 Participants with OSA
symptoms were 2.72 x more likely to have hay fever
compared to the Non-OSA symptoms population
(OR: 2.724; 95% CI 1.526, 4.861). The direction of the
association did not change after adjusting for covariates

(OR: 2.698; 95% CI 1.480, 4.916). Significant positive
associations were noted between sneezing symptoms
and sleep disorders, including sleep problems (Model 1:
1.706 [1.386, 2.099]; Model 2: 1.680 [1.356, 2.080]), OSA
symptoms (Model 1: 1.297 [1.049, 1.605]; Model 2: 1.287
[1.042, 1.589]), and daytime sleepiness (Model 1: 1.569
[1.205, 2.043]; Model 2: 1.528 [1.194, 1.955]).
Relationships between sleep disorders and asthma,
wheezing, and eczema are presented in Fig. 3. A positive
correlation was noted between asthma symptoms and
OSA symptoms (Model 1: 2.707 [1.477, 4.961]; Model 2:
2.596 [1.381, 4.879]). Wheezing symptoms were positively
correlated with sleep problems and daytime sleepiness.
Individuals with sleep problems were twice as likely to
develop wheezing symptoms compared to the healthy
population (Model 1: 2.006 [1.297, 3.102]; Model 2: 1.823
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Asthma (Model 1)
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Fig. 3 Associations (OR [95% Cl]) between sleep disorders and allergic symptoms (asthma, wheezing, and eczema) in NHANES 2005-2006

participants. Model 1 was adjusted for gender, age, race/ethnicity, education level, PIR, BMI, smoking status, and alcohol consumption. Model 2 was
adjusted for Model 1, diabetes, CVD, and physical/mental health. Orange dots indicate statistical significance (p-value <0.05)

[1.151, 2.885]). Individuals with daytime sleepiness were
60% more likely to have wheezing symptoms compared to
healthy individuals (Model 1: 1.606 [1.176, 2.194]; Model
2: 1.442 [1.031, 2.017]). Individuals with symptoms of
sleep apnoea were 54.6% more likely to develop eczema
compared to the Non-OSA symptoms population (Model
1: 1.546 [1.112, 2.150], Model 2: 1.486 [1.069, 2.066]).

Discussion

This study examined the relationship between allergic
outcomes and sleep disorders through an epidemiological
research. We observed that allergy-related outcomes
may be positively correlated with sleep disorders. Based
on 2005-2006 NHANES data of 2,648 participants over
the age of 20, our logistic regression model revealed that
participants with OSA symptoms had 2.72 x higher odds
of hay fever and 1.54 x higher odds of eczema compared
to the Non-OSA symptoms population. Participants
with insufficient sleep (<6 h/night) are more likely to
have elevated sIgE levels than participants with adequate
sleep (7-8 h/night). Sneezing symptoms were positively
associated with sleep problems, OSA symptoms, and

daytime sleepiness. These findings suggest that allergies
are positively associated with sleep disorders. In
particular, sleep duration is positively correlated with
sIgE sensitisation. OSA symptoms, daytime sleepiness,
and sleep problems were positively associated with
various self-reported allergic conditions.

There is a paucity of epidemiological studies on the
relationship between allergies and sleep disorders. Here,
we analysed data on 2648 NHANES participants aged
20 years or older and considered age, sex, race/ethnicity,
socioeconomic status, and smoking status. Given that
underlying diseases and daily alcohol consumption
may affect sleep quality [27, 28, 30], we adjusted for
confounding factors such as alcohol consumption
and underlying diseases including diabetes and CVD.
Therefore, in our research, we subdivided the allergy-
related results into sIgE sensitisation and self-reported
allergic conditions(including hay fever, sneezing,
asthma, wheezing, and eczema), and performed a logical
regression analysis between them and sleep duration,
sleep latency, sleep problems, obstructive sleep apnea,
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and daytime sleepiness one by one, in order to find a
more accurate relationship.

A study by Luyster et al. based on 2007-2012 NHANES
data reported that adults over the age of 20 years old
who had a short sleep time experienced an increase in
asthma attacks [31]. A randomised controlled study [32]
reported that sleep deprivation significantly reduced the
response threshold for IgE-induced peanut allergy. An
observational cross-sectional study [33] reported that
adults with atopic dermatitis were more likely to have
sleep disorders, including shorter sleep times, difficulties
falling asleep and awakening early in the morning.
These studies have shown a link between sleep duration
and allergic diseases. The length of sleep can affect the
immune function by affecting the innate immune system
or cytokines [34]. Although the specific mechanism
remains to be further studied, it is believed that lack of
sleep may increase the number of B lymphocytes and the
level of immunoglobulin [35, 36], promote the release
of inflammatory factors, and thus participate in IgE-
mediated allergic diseases. This is similar to the findings
of this study. Participants with insufficient sleep (<6 h/
night) are more likely to have allergic sensitisation than
participants with adequate sleep (7—8 h/night).

The positive correlation mechanism between certain
allergic symptoms and sleep disorders warrants further
exploration. Allergy patients typically experience sleep-
disordered breathing, nasal mucosa oedema, and nasal
congestion caused by allergic rhinitis [37]. The nose accounts
for half of the resistance of the entire respiratory system.
Nasal congestion can cause changes in airflow speed and
resistance, which affects the pressure difference between the
atmosphere and chest cavity. During inhalation, the negative
pressure in the chest pulls the soft tissues of the upper airway
closer, resulting in partial or complete obstruction [38]. This
phenomenon may cause nasal mucosal oedema, leading to
sleep snoring and apnoea at night [37]. This view supports
our findings of a positive correlation between sleep apnoea,
hay fever, and sneezing symptoms.

Daytime sleepiness is a crucial symptom of OSA symptoms
[39] and may be similarly associated with allergies. In this
regard, participants with sleep apnoea were 1.54 x more
likely to develop eczema compared to healthy individuals.
This agrees with the findings of Camfferman et al. [40], who
reported that sleep disorders affect patients with eczema.
They proposed that eczema-associated itching is caused
by neuropeptide-mediated vasodilation, and subsequent
scratching is modulated by pain-mediated neurological
pathways. Therefore, itching at night and subsequent
scratching may be the basis of sleep disorders in individuals
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with eczema [41]. Asthma and wheezing symptoms were
positively associated with self-reported sleep problems in this
study. Indeed, asthma is a causal factor in sleep disorders [8].
Mechanistically, this may involve worsening of symptoms,
including increased bronchial hyperresponsiveness and
changes in inflammatory pathways.

A main advantage of our study was the large sample of
adults over the age of 20 years old in the United States.
Further, the relationship between sleep disorders and allergy-
related outcomes was not altered after fully adjusting for
confounding factors. The associations between various sleep
disorders and allergies were analysed individually, thereby
increasing accuracy of the analysis. Nevertheless, our study
has several limitations. A main limitation is the cross-
sectional design, which precludes determination of causal
relationships. The other is the definition of sleep disorder. For
the assessment of sleep disorders, the NHANES database
only provides self-questionnaires about sleep disorders.
Clinical studies use more powerful representations to define
sleep disorders, such as PSG [39].We refer to the research
of Scinicariello et al,, and use the dataset of the NHANES
database to define sleep disorders [9]. However, since the
questionnaire is subject to subjective assessment, this
inevitably biases the results.

In conclusion, this study used an epidemiological
investigation to evaluate the relationship between sleep
disorders and allergy-related outcomes in US populations.
Based on NHANES data representing adults aged>20 years
in the US, sIgE sensitisation is positively correlated with
sleep duration. OSA symptoms, daytime sleepiness, and
sleep problems were positively correlated with various
self-reported allergic conditions. Collectively, these results
demonstrate a positive relationship between sleep disorders
and allergy-related outcomes. Future studies investigating
the mechanisms underlying this relationship are warranted.

Acknowledgements
Not applicable.

Authors’ contributions

Conception and design: YXi, YQD, ZZT. Development of methodology: YXi,
YQD, SMC, YXu. Acquisition of data: YXi, YQD, GL. Analysis and interpretation
of data (e.g, statistical analysis, computational analysis): YX, YQD, WEJ. Writing,
review, and/or revision of the manuscript: YXi, YQD, WEJ, FL. Technical, or
material support: ZZT, SMC, YXu, YGK. All authors read and approved the final
manuscript.

Funding
This work was funded by the National Natural Science Foundation of China
(Reference Numbers 81870705 and 81970860).

Availability of data and materials
The datasets used and/or analysed during the current study are available from
the corresponding author on reasonable request.



Xi et al. Allergy, Asthma & Clinical Inmunology (2022) 18:27

Declarations

Ethics approval and consent to participate

The protocols and procedures adopted by NHANES protect the personal
information of participants. All participants provided written informed
consent. The research ethics review committee of NCHS approved the

investigation plan. Available from: https://www.cdc.gov/nchs/nhanes/index.

htm.

Consent for publication
The authors have read and agreed to the contents of the manuscript and
agreed to publish it.

Competing interests
The authors declare no conflict of interests.

Author details

'Department of Otolaryngology, Head and Neck Surgery, Renmin Hospital
of Wuhan University, 238 Jie-Fang Road, Wuhan 430060, Hubei, People’s
Republic of China. ?Institute of Otolaryngology, Head and Neck Surgery,
Renmin Hospital of Wuhan University, Wuhan, People’s Republic of China.

Received: 9 November 2021 Accepted: 10 March 2022
Published online: 22 March 2022

References
1. World Allergy Organization (WAO) Milwaukee, WI: World Allergy

Organization (2011) White Book on Allergy. http://www.worldallergy.org/

UserFiles/file/WAO-White-Book-on-Allergy_web.pdf.

2. Leffler J, Stumbles PA, Strickland DH. Immunological processes driving IgE

sensitisation and disease development in males and females. Int J Mol
Sci. 2018;19(6):1554.

3. Wang X, Gao X, Yang Q, et al. Sleep disorders and allergic diseases in
Chinese toddlers. Sleep Med. 2017,37:174-9.

4. Resiliac J, Grayson MH. Epidemiology of infections and development of

asthma. Immunol Allergy Clin North Am. 2019;39(3):297-307.

5. BrownT. Diagnosis and management of allergic rhinitis in children.
Pediatr Ann. 2019;48(12):e485-8.

6. CardonaV, Ansotegui lJ, Ebisawa M, et al. World allergy organization
anaphylaxis guidance 2020. World Allergy Organ J. 2020;13(10):100472.

7. Xie Z,ChenF, LiWA, et al. A review of sleep disorders and melatonin.
Neurol Res. 2017;39(6):559-65.

8. Kavanagh J, Jackson DJ, Kent BD. Sleep and asthmas. Curr Opin Pulm
Med. 2018;24(6):569-73.

9. Scinicariello F, Buser MC, Feroe AG, et al. Antimony and sleep-related
disorders: NHANES 2005-2008. Environ Res. 2017;156:247-52.

10. Tamm S, Cervenka S, Forsberg A, et al. Evidence of fatigue, disordered
sleep and peripheral inflammation, but not increased brain TSPO
expression, in seasonal allergy: a [(11)CIPBR28 PET study. Brain Behav
Immun. 2018,68:146-57.

11. Lunn M, Craig T. Rhinitis and sleep. Sleep Med Rev. 2011;15(5):293-9.

12. Bjornsdottir E, Janson C, Lindberg E, et al. Respiratory symptoms are

more common among short sleepers independent of obesity. BMJ Open

Respir Res. 2017;4(1):e206.

13. Mann C, Dreher M, Weess HG, et al. Sleep disturbance in patients with
urticaria and atopic dermatitis: an underestimated burden. Acta Derm
Venereol. 2020;100(6):v73.

14. Chirakalwasan N, Ruxrungtham K. The linkage of allergic rhinitis and

obstructive sleep apnea. Asian Pac J Allergy Immunol. 2014,32(4):276-86.
15. Krouse HJ, Davis JE, Krouse JH. Immune mediators in allergic rhinitis and

sleep. Otolaryngol Head Neck Surg. 2002;126(6):607-13.

16. CaoY,Wu S, Zhang L, et al. Association of allergic rhinitis with obstructive

sleep apnea: a meta-analysis. Medicine. 2018,97(51):e13783.

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33

34.

35.

36.

37.

38.

39.

Page 10 of 11

Kramer MF, De La Chaux R, Dreher A, et al. Allergic rhinitis does not
constitute a risk factor for obstructive sleep apnea syndrome. Acta
Otolaryngol. 2001;121(4):494-9.

Centers for Disease Control and Prevention (CDC) National Center for
Health Statistics (2017) National Health and Nutrition Examination Survey.
Hyattsville, MD. https.//www.cdc.gov/nchs/nhanes/index.htm

Tsuang A, Grishin A, Grishina G, et al. Endotoxin, food allergen
sensitization, and food allergy: a complementary epidemiologic and
experimental study. Allergy. 2020,75(3):625-35.

Guo J,Yu D, Lv N, et al. Relationships between acrylamide and
glycidamide hemoglobin adduct levels and allergy-related outcomes

in general US population, NHANES 2005-2006. Environ Pollut.
2017,225:506-13.

Odebeatu CC, Taylor T, Fleming LE, et al. Phthalates and asthma in
children and adults: US NHANES 2007-2012. Environ Sci Pollut Res Int.
2019,26(27):28256-69.

CaoY, Zhen S, Taylor AW, et al. Magnesium intake and sleep disorder
symptoms: findings from the Jiangsu nutrition study of Chinese adults at
five-year follow-up. Nutrients. 2018;10(10):1354.

Plantinga L, Rao MN, Schillinger D. Prevalence of self-reported sleep
problems among people with diabetes in the United States, 2005-2008s.
Prev Chronic Dis. 2012;9:E76.

DuW, Liu J, Zhou J, et al. Obstructive sleep apnea, COPD, the overlap
syndrome, and mortality: results from the 2005-2008 National Health
and Nutrition Examination Survey. Int J Chron Obstruct Pulmon Dis.
2018;13:665-74.

Malin AJ, Bose S, Busgang SA, et al. Fluoride exposure and sleep patterns
among older adolescents in the United States: a cross-sectional study of
NHANES 2015-2016. Environ Health. 2019;18(1):106.

Tobaldini E, Costantino G, Solbiati M, et al. Sleep, sleep deprivation,
autonomic nervous system and cardiovascular diseases. Neurosci
Biobehav Rev. 2017;74(Pt B):321-9.

Ogilvie RP, Patel SR. The epidemiology of sleep and diabetes. Curr Diab
Rep. 2018;18(10):82.

Peppard PE, Young T, Palta M, et al. Prospective study of the association
between sleep-disordered breathing and hypertension. N Engl J Med.
2000;342(19):1378-84.

Yu R, Yang B, Cai L, et al. Excess free fructose beverages and allergy in
children and adolescents: results from NHANES 2005-2006. Ann Fam
Med. 2018;16(5):408-18.

Ebrahim |0, Shapiro CM, Williams AJ, et al. Alcohol and sleep I: effects on
normal sleep. Alcohol Clin Exp Res. 2013;37(4):539-49.

Luyster FS, Shi X, Baniak LM, et al. Associations of sleep duration with
patient-reported outcomes and health care use in US adults with asthma.
Ann Allergy Asthma Immunol. 2020;125(3):319-24.

Dua S, Ruiz-Garcia M, Bond S, et al. Effect of sleep deprivation

and exercise on reaction threshold in adults with peanut

allergy: a randomized controlled study. J Allergy Clin Immunol.
2019;144(6):1584-94.

Lal C, Kumbhare S, Strange C. Prevalence of self-reported sleep problems
amongst adults with obstructive airway disease in the NHANES cohort in
the United States. Sleep Breath. 2020;24(3):985-93.

Lee K, ChoilH, Hong Y, et al. Association between allergic rhinitis-

related factors and sleep duration in adolescents: Korea National

Health and Nutrition Examination Survey V (2010-2012). Int J Pediatr
Otorhinolaryngol. 2021;142:110613.

Hurtado-Alvarado G, Pavon L, Castillo-Garcia SA, et al. Sleep loss as a
factor to induce cellular and molecular inflammatory variations. Clin Dev
Immunol. 2013;2013:801341.

Hui L, Hua F, Diandong H, et al. Effects of sleep and sleep deprivation

on immunoglobulins and complement in humans. Brain Behav Immun.
2007;21(3):308-10.

Shusterman D, Baroody FM, Craig T, et al. Role of the allergist-
immunologist and upper airway allergy in sleep-disordered breathing. J
Allergy Clin Immunol Pract. 2017;5(3):628-39.

Young T, Finn L, Kim H. Nasal obstruction as a risk factor for sleep-
disordered breathing. The University of Wisconsin Sleep and Respiratory
Research Group. J Allergy Clin Immunol. 1997;99(2):S757-62.

Franklin KA, Lindberg E. Obstructive sleep apnea is a common disorder
in the population-a review on the epidemiology of sleep apnea. J Thorac
Dis. 2015;7(8):1311-22.


https://www.cdc.gov/nchs/nhanes/index.htm
https://www.cdc.gov/nchs/nhanes/index.htm
http://www.worldallergy.org/UserFiles/file/WAO-White-Book-on-Allergy_web.pdf
http://www.worldallergy.org/UserFiles/file/WAO-White-Book-on-Allergy_web.pdf
https://www.cdc.gov/nchs/nhanes/index.htm

Xi et al. Allergy, Asthma & Clinical Inmunology (2022) 18:27

40. Camfferman D, Kennedy JD, Gold M, et al. Eczema and sleep and
its relationship to daytime functioning in children. Sleep Med Rev.
2010;14(6):359-69.

41. Ramirez FD, Chen S, Langan SM, et al. Association of atopic dermatitis
with sleep quality in children. JAMA Pediatr. 2019;173(5):2190025.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 11 of 11

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

e rapid publication on acceptance

e support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations

e maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC




	Allergy-related outcomes and sleep-related disorders in adults: a cross-sectional study based on NHANES 2005–2006
	Abstract 
	Background: 
	Objectives: 
	Methods: 
	Results: 
	Conclusion: 

	Introduction
	Methods
	Epidemiologic study population
	Assessment of allergy-related results
	Assessment of sleep disturbances
	Covariates
	Statistical analysis

	Results
	Study population for epidemiologic analysis
	Sleep disorders in the study population
	Associations between sleep disorders and allergic sensitisation
	Associations between sleep disorders and allergic symptoms

	Discussion
	Acknowledgements
	References




