
Fax +41 61 306 12 34
E-Mail karger@karger.ch
www.karger.com

 Original Paper 

 Int Arch Allergy Immunol 2011;155:57–62 
 DOI: 10.1159/000317244 

 Assessment of Sleep Impairment in 
Persistent Allergic Rhinitis Patients Using 
Polysomnography 

 J. Meng    a     J. Xuan    a     X. Qiao    a     X. Li    a     S. Liu    a     K.F. Lukat    b     N. Zhang    b     
C. Bachert    b  

  a    Department of Otorhinolaryngology, West China Hospital, Sichuan University,  Sichuan , China;  b    Upper Airway 
Research Laboratory, Department of Otorhinolaryngology, University of Ghent,  Ghent , Belgium 

jects (17.3%) in the PER group but none of the control sub-
jects had an AHI  1 5. Patients with higher T5SS scores (12  ̂   
T5SS  ̂   15) had a greater tendency to snore than did patients 
with lower scores (8  ̂   T5SS  ̂   11). Finally, PNIF in the PER 
group was significantly lower than in the control group. 
Weak correlations between the arousal index and PNIF, aver-
age SaO 2 , and PNIF were found.  Conclusion:  PSG showed 
modest changes in PER patients versus control subjects. 

 Copyright © 2010 S. Karger AG, Basel 

 Introduction 

 Allergic rhinitis (AR) is a global health problem that 
places a considerable burden both on individual patients 
and society. While earlier studies have estimated that the 
prevalence of AR in Europe ranges from 23 to 30%  [1, 2] , 
a recent study from China has indicated that the preva-
lence of AR across cities in mainland China ranges from 
8.7 to 24.1%  [3] . Although AR is not a life-threatening 
condition, the symptoms of nasal itching, sneezing, rhi-
norrhoea, and nasal congestion/obstruction are often 
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 Abstract 

  Background:  Although questionnaires have demonstrated 
an association between impairment of quality of sleep and 
symptoms in allergic rhinitis (AR) patients, to date there is no 
report of an objective assessment of sleep in patients with 
persistent allergic rhinitis (PER) as defined by ARIA guide-
lines. The aim of the present study was therefore to assess 
sleep disturbance in PER patients by polysomnography 
(PSG).  Methods:  Ninety-eight PER patients with moderate-
to-severe nasal obstruction and 30 healthy volunteers were 
included in the study. All patients underwent PSG during 
nocturnal sleep to assess the presence and severity of sleep 
disorders. Peak nasal inspiratory flow (PNIF) was also mea-
sured to assess nasal resistance.  Results:  There were statisti-
cally significant, though clinically modest, differences be-
tween PER patients and healthy controls in most PSG param-
eters including sleep efficiency, arousal index, average SaO 2 , 
lowest SaO 2 , time spent with a saturation below 90%, and 
snoring time. Although the apnea-hypopnea index (AHI) 
was not significantly different between the 2 groups, 17 sub-
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bothersome and may significantly impair the quality of 
life of patients  [4] . Moreover, a large number of AR pa-
tients experience daytime somnolence, fatigue, depres-
sion, and memory deficits, which may be related to sleep 
disturbance.

  Indeed, several studies have indicated that that there 
may be an association between AR-induced nasal ob-
struction and snoring and daytime sleepiness  [5–7] . More 
recently, Stull et al.  [8]  performed a prospective real-life 
study in 404 AR patients to assess the impact of nasal 
congestion and morning AR symptoms on patients’ re-
ports of sleep, daytime sleepiness, fatigue, and activity 
impairment using a battery of patient-reported outcomes. 
The authors demonstrated that nasal congestion signifi-
cantly impacted patients’ lives adversely and increased 
the likelihood of sleep problems, fatigue, shortness of 
breath, and daytime somnolence. In another cross-sec-
tional study, Léger et al.  [9]  investigated the relationship 
between the severity/duration of AR and sleep disorders 
and sleep quality in 591 patients with AR in several cen-
ters across France using several self-administered ques-
tionnaires. These authors demonstrated that AR im-
paired all dimensions of sleep, with significantly greater 
impairments noted in patients with more severe AR than 
in patients with mild AR. The duration of AR (intermit-
tent or persistent), however, did not affect sleep.

  While questionnaires undoubtedly provide useful in-
formation on AR-associated sleep disorders, these may 
nevertheless be insufficient for the accurate assessment of 
specific aspects of sleep disorders as evaluated by poly-
somnography (PSG), the gold standard for the objective 
evaluation of sleep disorders. While PSG has been em-
ployed to assess sleep impairment in patients with sea-
sonal AR  [10]  and perennial AR  [11] , to date no study has 
objectively assessed AR-induced sleep impairment/dis-
turbances in patients with persistent allergic rhinitis 
(PER) defined according to ARIA guidelines  [12] . The 
aim of the present study was therefore to assess sleep dis-
turbance in symptomatic PER patients using PSG and to 
compare this with any sleep disturbance in nonrhinitic 
healthy individuals.

  Methods 

 Subjects 
 The study was conducted at the Department of Otorhinolar-

yngology, West China Hospital, Sichuan University. Male and fe-
male subjects aged 18–60 years with a history of PER for at least 
2 years, as defined according to ARIA guidelines  [12] , were en-
rolled into the study. The diagnosis of AR was further confirmed 

on the basis of a clinical physical examination and positive skin 
prick test (wheal  6 3 mm larger than the diluent control) to com-
mercially available allergens (Allergopharma, Reinbek, Germa-
ny). All subjects were additionally required to demonstrate the 
presence of sufficiently severe symptoms, assessed according to a 
4-point scale.

  Healthy male and female subjects aged 18–60 years served as 
controls. They were recruited from among students of Sichuan 
University, the employees of West China Hospital, and their fam-
ilies.

  Patients who had taken any medication which could signifi-
cantly impact the symptoms of AR, or any medication which was 
not permitted during a washout period prior to entry into the 
study were excluded. Controls who had a positive skin prick test 
were excluded. Similarly, patients and controls with significant 
septal deviation, nasal polyps, acute or chronic rhinosinusitis, any 
clinically significant condition, or any other underlying pathol-
ogy which might affect nasal breathing or nocturnal sleep, such 
as asthma or lower respiratory infection, were excluded; subjects 
with a history of alcohol abuse, pregnant or lactating women, and 
subjects who did not understand the study procedures were also 
excluded.

  Study Design 
 Eligible PER patients scored the severity of 5 symptoms, i.e. 

nasal obstruction, rhinorrhoea, nasal itching, sneezing, and ocu-
lar complaints, on a scale of 0–3 [Total 5 Symptom Score (T5SS) 
 [13, 14] ; 0 = symptom not present; 1 = mild, symptom present but 
not bothersome; 2 = moderate, symptom bothersome but easily 
tolerated, and 3 = severe, symptom difficult to tolerate] at a clini-
cal screening visit and each evening for a week. Patients with a 
screening and daily mean T5SS  6 8 (range 0–15) and a nasal ob-
struction score  6 2 (range 0–3) were assessed for the presence and 
severity of sleep disorders using PSG. PSG was performed and 
peak nasal inspiratory flow (PNIF) was measured within 1 week 
after the screening period.

  The study was approved by the Ethics and Clinical Research 
Committee of West China Hospital, Sichuan University, and per-
formed in accordance with ICH Good Clinical Practice regula-
tions and the principles of the Declaration of Helsinki. All pa-
tients also provided their written informed consent to take part 
in the study.

  Polysomnography 
 A PSG device (Alice 4, Respironics Co., USA) was used to mea-

sure and record PSG parameters according to the principles of the 
American Academy of Sleep Medicine  [15, 16]  during natural 
nocturnal sleep. Standard measurements were recorded, includ-
ing electroencephalograms (EEG), bilateral electrooculograms 
(EOG), bipolar submental electromyograms (EMG), electrocar-
diograms (ECG), thoracoabdominal movements, oronasal air-
flow, and transcutaneous oximetry.

  Sleep Impairment Measurements 
 Objective sleep impairment measurements were made by eval-

uating PSG and included (i) percentage of sleep efficiency (total 
sleep time divided by time in bed), (ii) arousal index (ArI; number 
of arousals per hour), (iii) apnea-hypopnea index (AHI; number 
of apneas and hypopneas per hour), (iv) mean oxygen saturation, 
(v) minimal oxygen saturation, (vi) time spent with an oxygen 
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saturation below 90%, and (vii) snoring time in minutes. Arousals 
were scored as described by the American Sleep Disorders Asso-
ciation  [17] . In addition, apnea was defined as a drop in the peak 
thermal sensor excursion by  6 90% of baseline for at least 10 s and 
at least 90% of the event’s duration meeting the amplitude reduc-
tion criteria for apnea. Hypopnea was defined as a nasal pressure 
signal excursion drop of  6 30% of baseline for a period lasting at 
least 10 s with a  6 4% desaturation from preevent baseline. At 
least 90% of the event’s duration must meet the amplitude reduc-
tion of criteria for hypopnea  [18] .

  Peak Nasal Inspiratory Flow 
 Youlten peak flow meters (In-Check � ; Clement Clarke, Har-

low, UK) were used to assess nasal resistance after the PSG test. 
Studies have shown that PNIF is comparable to rhinomanometry 
 [19]  and has a good correlation with the sensation of nasal block-
age  [20–22] . According to the manufacturer’s recommendation, 
participants used a face mask sealed around the nose and mouth, 
closed their mouth, and inhaled forcefully through the nose. For 
each assessment 3 measurements were performed, the maximal 
one of which was considered for evaluation.

  Statistical Analysis 
 Statistical analyses were carried out using SPSS 11.0 software. 

An independent-samples t test was used for comparing 2 groups’ 
data with a normal distribution. For variables that were not nor-
mally distributed, the Mann-Whitney U test was used. For cor-
relation analysis, Pearson and Spearman correlation coefficients 
were used for normally and nonnormally distributed data, re-
spectively. Two-sided exact p values were calculated to access dif-
ferences between variables. Statistical significance was accepted 
at the 5% level.

  Results 

 Description of the Study Population 
  Table 1  shows the main demographic characteristics of 

all of the evaluable subjects in the PER and control groups. 
A total of 100 participants fulfilling the ARIA criteria for 
PER were recruited, 98 of which completed the PSG test. 
The skin prick test was performed including house dust 
mites, animal dander, feathers, grasses, a weed mix, fun-
gi, and trees; each PER patient showed at least 1 positive 
result and all of the controls were negative. All were

asymptomatic for the lower airways and none had a his-
tory of asthma. There were no significant differences be-
tween the groups with regard to gender distribution, age, 
or body mass index (BMI).

  Sleep Measurements 
  Table 2  shows the comparison of PSG parameters be-

tween patients with PER and healthy controls. The 2 
groups were significantly different with respect to sleep 
efficiency (PER 87.86  8  10.16% and control 90.97  8  
6.14%; p = 0.044). Assessment of the ArI demonstrated 
that subjects in the PER group were likely to have a sig-
nificantly greater arousal than control subjects (PER 24.90 
 8  15.45 and control 15.15  8  8.97; p   !   0.001) ( table 2 ).

  Analysis of respiratory events showed that 17 (17.3%) 
subjects in the PER group had an AHI  1 5; 16 of these sub-
jects had an AHI between 5 and 15 and only 1 subject had 
an AHI  6 30. In contrast, all subjects in the control group 
had AHI values within the normal range (AHI  ! 5) ( ta-
ble 3 ). However, the mean value of AHI between the 2 
groups was not significantly different (PER 1.80  8  2.93 
and control: 2.03  8  2.72; p  1  0.05). Although there were 
significant differences between the 2 groups with regard 
to average oxygen saturation (PER 94.10  8  2.77% and 

Table 1. B aseline characteristics of PER and control subjects

PER group
(n = 98)

Control group
(n = 30)

p

Males 53 (54.1%) 19 (63.3%) 0.407
Females 45 (45.9%) 11 (36.7%)
Age 33.089.9 32.785.9 0.851
BMI 21.082.3 21.581.8 0.323

Table 2. S leep impairment in patients with PER and healthy con-
trols measured according to PSG parameters

PSG parameter PER
(n = 98)

Control
(n = 30)

p 
value

Sleep efficiency, % 0.044
Mean (SD) 87.86 (10.16) 90.97 (6.14)
Range 52.9–100.0 75.2–98.6

ArI <0.001
Median (IQR) 24.90 (15.45) 15.15 (8.32)
Range 9.2–86.8 7.8–38.8

AHI NS
Median (IQR) 1.80 (2.93) 2.03 (2.72)
Range 0–42.7 0.3–4.2

Average SaO2, % <0.001
Mean (SD) 94.10 (2.77) 96.13 (0.63)
Range 85.0–98.0 95.0–97.0

Lowest SaO2, % <0.001
Mean (SD) 88.48 (6.79) 92.20 (1.77)
Range 62.0–96.0 89.0–95.0

Time of SaO2 <90%, min 0.001
Median (IQR) 0 (1.63) 0 (0)
Range 0–141.0 0–0.5

Snoring time, min 0.007
Median (IQR) 0 (0.1) 0 (0)
Range 0–28.2 0–0.3
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control 96.13  8  0.63%; p   !   0.001) ( table 2 ), the level of 
subjects with PER was still within the normal range, so 
the differences were not clinically relevant. A similar re-
sult was obtained for minimal oxygen saturation (PER 
88.48  8  6.79% and control 92.20  8  1.77%; p   !   0.001) 
( table 2 ); the difference observed was statistically signifi-
cant but not clinically relevant. Forty-five subjects 
(45.92%) with PER had a saturation below 90% during 
sleep; in contrast only 2 (10%) subjects in the control 
group had a saturation below 90%, leading to a signifi-
cantly longer time of SaO 2  below 90% in subjects with 
PER (range 0–141.0 min) compared with control subjects 
(range 0–0.5 min; p = 0.001) ( table 2 ).

  Similarly, 31 (31.6%) subjects in the PER group and 
only 1 (3.33%) subject in the control group snored during 
the sleep test, leading to a significantly longer snoring 
time in subjects with PER (range 0–28.2 min) compared 
with control subjects (range 0–0.3 min) (p = 0.007). Sub-
group analysis of data on snoring PER subjects further 
indicated that subjects with higher symptom scores, i.e. 
12  ̂   T5SS  ̂   15, had a greater tendency to snore than 
subjects with lower symptom scores, i.e. 8  ̂   T5SS  ̂   11 
(37.9 vs. 18.8%, p = 0.056).

  Peak Nasal Inspiratory Flow 
 PNIF was significantly lower in the PER group than in 

the control group (PER 67.42  8  30.91 l/min and control 

138.83  8  51.97 l/min; p  !  0.001). Weak correlations were 
found between the ArI and PNIF (r = –0.201, p = 0.047), 
average SaO 2 , and PNIF (r = 0.200, p = 0.048) in the PER 
group ( table 4 ).

  Discussion 

 PSG has recently been employed to objectively assess 
sleep impairment/disturbances in subjects with a variety 
of upper respiratory tract conditions, including seasonal 
and perennial AR  [10, 11] , nonallergic and vasomotor rhi-
nitis  [23, 24] , chronic rhinosinusitis  [24] , and polyposis 
 [24, 25] . To our knowledge this is the first study to objec-
tively assess AR-induced sleep impairment/disturbances 
in symptomatic patients with PER by PSG. ARIA guide-
lines suggest that: ‘Although sleep apnea syndrome has 
been associated with nasal disturbance, it is unclear 
whether AR is associated with sleep apnea’  [12] . There-
fore, this topic has great clinical importance.

  Studies investigating the impact of AR on the quality 
of life of affected individuals have demonstrated that AR 
adversely affects the patients’ quality of sleep  [26] , with 
symptomatic subjects being more affected than non-
symptomatic subjects or non-AR subjects  [27] .

  Two models have been proposed to explain why the 
quality of sleep may be impaired in AR. In the first mod-
el, an increasing body of evidence suggests that nasal con-
gestion is likely to play a prominent role in AR-induced 
sleep impairment/disturbances  [25] . There is evidence 
that nasal congestion in AR patients is associated with 
increased numbers of ‘microarousals’ from sleep  [28] , ap-
nea episodes  [29] , and snoring  [30] . A study evaluating 
the effect of obstructed nasal passages in 14 AR patients 
demonstrated that all individuals experienced disordered 
breathing in sleep, which was associated with character-
istic microarousals from sleep  [28] . The possible role of 
high nasal resistance in the pathogenesis of obstructive 
sleep apnea was examined in 7 patients with seasonal AR 
 [29] . The study demonstrated that, during the symptom-
atic phase, an increase in the mean nasal resistance re-
sulted in an increased rate (1.7  8  0.3) of obstructive ap-
neas, which decreased (0.7  8  0.4) with decreasing nasal 
resistance during the nonsymptomatic phase. Although 
apneas were rarely associated with significant O 2  desatu-
ration and were fewer in number than typically seen in a 
clinically significant sleep apnea syndrome, the authors 
concluded that nasal resistance might be a contributing 
factor in the pathogenesis of obstructive sleep apneas in 
general.

Table 3. Severity of AHI in PER and control subjects

PER (n = 98) Control (n = 30)

AHI <5 81 (82.65%) 30 (100%)
5 ≤ AHI < 15 16 (16.33%) 0 (0%)
15 ≤AHI < 30 0 (0%) 0 (0%)
AHI ≥30 1 (1.02%) 0 (0%)

Table 4. C orrelation between PNIF and PSG parameters

PSG parameters r p value

Sleep efficiency –0.055 0.591
ArI –0.201 0.047
AHI –0.119 0.244
Average SaO2 0.200 0.048
Lowest SaO2 0.127 0.212
Time of SaO2 <90% –0.077 0.452
Snoring time –0.039 0.701
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  All subjects in the PER group were specifically re-
quired to have significant severe nasal obstruction, as in-
dicated by a score  6 2 out of a maximum of 3, to be eli-
gible for inclusion into the study. Objective assessment of 
the nasal airway obstruction using PNIF measurements 
verified that the PER group was indeed significantly ob-
structed and had a higher nasal resistance compared to 
controls. Overall, our study demonstrated a statistically 
significant influence of the subjects with PER on most 
sleep parameters; in particular, sleep efficiency was sig-
nificantly decreased and ArI, time spent with a satura-
tion below 90%, and snoring time were significantly in-
creased. Approximately 17% of the subjects in the PER 
group only presented obstructive sleep apnea based on 
their AHI values; this suggests that PER is likely to result 
in OSAS in some but not all patients. Our finding of in-
creased snoring in subjects with PER compared with 
healthy controls is also in accordance with the findings 
of a population-based study which demonstrated that 
nocturnal severe nasal congestion was associated with a 
3-fold increase in the likelihood of habitual snoring  [30] . 
Moreover, the present study demonstrated that patients 
with higher T5SS scores (12  ̂   T5SS  ̂   15) had a greater 
tendency to snore than patients with lower scores (8  ̂   
T5SS  ̂   11). These findings support the notion that AR 
may be a risk factor for snoring or for sleep-disordered 
breathing. The correlation between PNIF and PSG pa-
rameters, including ArI and average SaO 2 , manifested 
that increased nasal resistance might play an important 
role in the pathogenesis. However, we have to emphasize 
that the AHI of the PER group were not significantly dif-
ferent compared to those of the control group. Although 
the average and minimal oxygen saturations were statis-
tically significantly decreased in PER subjects compared 
with healthy controls, the differences were only of a mi-
nor magnitude and hardly clinically relevant. Therefore, 
the deterioration of sleep quality in AR patients might not 
be fully explained by the sleep-disordered breathing 
caused by nasal blockage.

  The poor correlation between sleep the quality and 
PSG parameters of AR patients has been reported before. 
In a prospective controlled clinical trial, Stuck et al.  [10]  
investigated the impact of seasonal AR on subjective and 
objective sleep patterns. The authors concluded that sea-
sonal AR leads to increased daytime sleepiness. While the 
objective measurements revealed a statistically significant 
influence of seasonal AR on selected sleep parameters, the 
changes were not of clinical relevance. Craig et al.  [11]  in-
vestigated the effect of nasal corticosteroids on objective 
sleep testing and the symptoms of sleep and daytime som-

nolence in perennial AR. The medication improved sub-
jective sleep when compared with placebo; however, there 
was no difference in AHI between the 2 groups. It is pos-
sible that, besides the nasal blockage of AR, inflammatory 
cells and mediators involved in the pathophysiology of AR 
may also directly play a role in sleep impairment/distur-
bance which results in daytime symptoms and a decreased 
quality of life. For example, histamine is thought to be in-
volved in the regulation of the sleep-wake cycle, arousal, 
cognition, and memory  [31] ; CysLTs may increase slow-
wave sleep  [32] ; cytokines such as IL-1, IL-4, and IL-10 are 
correlated with a decreased sleep onset latency, an in-
creased REM sleep latency, and a decreased duration of 
REM sleep  [33] , and substance P may increase REM la-
tency and have an arousing effect  [34] . However, whether 
these mediators are merely associated with or actually 
cause the sleep abnormalities observed in AR patients re-
mains to be determined.

  A major limitation of the current study is the lack of 
subjective assessments of the quality of sleep and daytime 
sleepiness, which would allow us to classify the severity 
of OSAS according to the recent manual of the American 
Academy of Sleep Medicine  [16] , and to define the rela-
tionship between subjective and objective sleep parame-
ters. Another potential shortcoming of this study was 
that we preselected PER subjects with moderate-to-severe 
nasal blockage on the basis of a nasal obstruction score 
 6 2, which did not allow us to correlate the PSG data to 
nasal obstruction of a different magnitude.

  Despite these limitations, this study is the first in AR 
subjects classified according to ARIA guidelines, and it 
included a large number of patients with a full PSG and 
PNIF evaluation. The study confirms that PER-induced 
nasal blockage does impact objective sleep parameters, 
though modestly, in the majority of patients; physicians 
should be aware of this consequence of PER and should 
consider evaluating and treating PER patients with mod-
erate-to-severe nasal blockage accordingly. Further stud-
ies including the measurement of nasal blockage, quality 
of sleep, quality of life parameters, and PSG for AR pa-
tients should be carried out to better evaluate the correla-
tion of AR-induced nasal blockage and sleep disturbance.
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