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Abstract
Background: Chronic rhinosinusitis (CRS) presents with broad and systemic manifestations, including impaired sleep; however, the impact of CRS treatments upon sleep is unknown.
Objective: To establish the effect of medical or surgical CRS treatment on subjective and objective sleep metrics for patients
not previously diagnosed with sleep apnea.
Methods: Review of PubMed, Scopus, Web of Science, and the Cochrane Library was performed from the databases’ date of
inception through August 13, 2020, for studies evaluating the effect of CRS treatment on sleep quality. All studies reporting on
subjective and objective sleep parameters for patients with CRS, with completed pre- and posttreatment data were included.
Studies composed of patients with diagnosed sleep apnea were excluded.
Results: Sixteen unique studies reporting data on a total of 1770 patients (mean age, 50.6 ± 15.6 (n = 1675) years) following
treatment for CRS were included. Patient-reported outcome measures, Epworth Sleepiness Scale, Pittsburgh Sleep Quality
Index, and Fatigue Severity Scale, demonstrated mean posttreatment differences of −2.8 (95% CI: −4.9 to −0.7), −2.4
(95% CI: −3.7 to −1.2), and −1.2 (95% CI: −1.6 to −0.7), respectively. The SNOT-22 and its sleep domain demonstrated
a mean posttreatment difference of −23.5 (95% CI: −31.7 to −15.3) and −5.4 (95% CI: −6.8 to −4.0), respectively. EpSS,
FSS and SNOT-22 exceeded their respective reported MCID values. Objective ﬁndings did not signiﬁcantly change with treatment; mean difference: AHI: 0.7 (95% CI: −1.5 to 2.9), oxygen nadir: 0.3 (95% CI: −0.4 to 0.9).
Conclusions: Treatment of CRS may lead to clinically meaningful reduction in disease burden and improvements in both
overall sleep quality and patient-reported fatigue. Despite clinically meaningful quality of life improvements, objective sleep
parameters did not demonstrate corresponding posttreatment improvements.
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Introduction
Chronic rhinosinusitis (CRS) is an inﬂammatory disease that
is associated with systemic symptoms that affect mood,1 cognition,2,3 and sleep,4 in addition to symptoms of postnasal
drainage, cough, sinus pain/pressure, and headache.5 The
effect of poor sleep is profound and it is possible that any
of these disruptive sinonasal symptoms could lead to sleep
disturbance. In fact, previous work has demonstrated that
poor sleep quality in patients with CRS can be caused by a
variety of different mechanisms.6–8
The impact of poor sleep on patients with CRS cannot be
understated. It has been reported that the quality of sleep
experienced by CRS patients is comparable to that experienced by patients with obstructive sleep apnea (OSA),9 and

that CRS may even predispose one to developing OSA.10
In fact, sleep disturbance is often one of the decisive
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factors in choosing to pursue endoscopic sinus surgery
(ESS).11 Continued medical treatment, while efﬁcacious,
has continually been shown to be less effective than ESS in
managing patients’ cardinal quality of life (QoL) symptoms.12,13 In addition, ESS has consistently been demonstrated
to improve sleep quality in patients with CRS.14–16 Given how
pervasive CRS and sleep disorders are, a deeper understanding
of the interplay between these 2 pathologies would elucidate
broad QoL implications.17,18 Indeed, many otolaryngologists
see patients with CRS without preexisting diagnosed OSA,
with impaired sleep being a fairly common complaint. The
true goal of this study is to understand the impact of interventions on this population speciﬁcally.
A recent meta-analysis reviewing changes in sleep quality in
CRS patients following surgery showed improvements in
several sleep-related measures19; however, in the setting of
smaller sample sizes, high heterogeneity of data, inability to
account for disease-speciﬁc patient-reported outcome measures
(PROMs) and a sole focus on surgical outcomes a more comprehensive systematic review is warranted. This review intends to
establish whether medical and/or surgical treatment for CRS
improves objective and subjective sleep-related metrics.

Methods
Search Criteria
This study was conducted according to Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines.20 To identify studies for inclusion in this review,
detailed search strategies were developed for the following 4
databases: PubMed (US National Library of Medicine,
National Institutes of Health), Scopus (Elsevier), Web of
Science (Clarivate Analytics), and Cochrane Library (Wiley).
Databases were searched from date of inception through
August 13, 2020. The search strategies used a combination of
subject headings (eg, MeSH in PubMed) and keywords for the
following concepts: chronic rhinosinusitis and sleep quality.
The PubMed search strategy was modiﬁed for the other 3 databases (Table S1), replacing MeSH terms with appropriate
subject headings, when available, and maintaining similar keywords. To identify additional articles, the reference lists of relevant articles were hand-searched, as well as citing articles.
References were exported into the review management software,
Covidence (Veritas Health Innovation Ltd), for study selection.
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understand the impact of CRS upon sleep, independent of
comorbid OSA or other sleep disorders, studies with patients
with prediagnosed sleep disorders were excluded. For this
review, papers were speciﬁcally excluded if a majority of
the cohort analyzed had OSA comorbid to their CRS.
Non-English abstracts, nonhuman studies, review articles,
case series (<10 patients), case reports, and studies with suspected overlapping cohorts were excluded. Abstracts were
independently assessed by 2 reviewers (J.F. and E.Y.) to
identify all articles that met the inclusion criteria. Conﬂicts
were resolved by a third reviewer (S.A.N.).

Data Extraction and Quality Assessment
Data extraction was performed by 2 reviewers (J.F. and E.Y.)
independently. Data extracted from studies include author;
year of publication; study design; study characteristics;
patient demographics such as age, gender, race, and comorbidities; sleep parameters which included both objective
(Apnea–Hypopnea Index (AHI), oxygen saturation nadir)
and subjective (Pittsburgh Sleep Quality Index [PSQI];
Epworth Sleepiness Scale [EpSS]) measures; and patientreported outcome measures (Fatigue Severity Scale [FSS],
Sino-nasal Outcome Test [SNOT-22]). Disagreements were
resolved in a discussion with a third reviewer (S.A.N.). In
instances of incomplete data, 2 attempts were made to
contact the primary author via email for clariﬁcation or
sharing of primary data. Included articles were critically
appraised to assess level of evidence using the Oxford
Center for Evidence-Based Medicine criteria.21
The risk of bias was assessed according to the Cochrane
Handbook for Systematic Reviews of Interventions version
6.0.22 The ROBINS-I tool was used speciﬁcally to evaluate
nonrandomized studies. Two authors (J.F. and E.Y.) performed a pilot assessment on 3 studies to check for consistency of assessment. Both then performed independent risk
assessments on the remaining studies. All disagreements
were resolved by the way of discussion with a third author
(S.A.N.). All studies analyzed were nonrandomized and
risk of bias items included the following: bias due to confounding, bias in selection of participants into the study,
bias in classiﬁcation of interventions, bias due to deviations
from intended interventions, bias due to missing data, bias
in measurement of outcomes, and bias in selection of the
reported results. The risk of bias for each aspect is graded
as low risk, high risk, or unclear risk.

Selection Criteria
Only studies reporting on objective and subjective sleep
parameters for patients with CRS were included. Studies
were considered for inclusion if they were: (1) double- or
single-blinded randomized controlled trials, (2) double- or
single-blinded randomized comparison trials, (3) nonrandomized controlled trials, and (4) prospective or retrospective observational studies. Given that our goal was to

Sleep Quality Assessment and Disease-Speciﬁc PROMs
Pittsburgh Sleep Quality Index is a 19-item validated questionnaire that measures sleep quality and disturbances over
the previous month. It is scored from 0 to 21 with a score
>5 suggesting impaired sleep.23 Epworth Sleepiness Scale
is an 8-item validated questionnaire that measures one’s likelihood of dozing off while engaged in 8 different activities. It
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is scored from 0 to 24 with a score >10 suggesting higher
than normal daytime sleepiness.24 Sinonasal Outcome Test
– 22 is a 22-item questionnaire (range 0-110) designed to
evaluate QoL in CRS patients with higher scores indicating
worse QoL.25 For the purposes of this review, 5 questions
(items 11-15; range 0-25) of the SNOT-22 are summed
together for calculation of the sleep domain score
(sdSNOT-22).26 Fatigue severity scale is a 9-item questionnaire that is used to measure fatigue. It is scored from 1 to
7 by taking the mean of the 9 responses with >4 suggesting
problematic fatigue.27
These PROMs are true subjective measurements with
broad individual variability that do not necessarily correlate
with appreciable changes in disease burden. Consequently,
the minimal clinically important difference (MCID)28 was
created to allow for a more clinically meaningful assessment
of the subjective data. For the purpose of this manuscript,
we have chosen to focus on outcomes that are clinically significant. Thus, it is an important distinction to note that minimally
sufﬁcient, as pertaining to the statistical analysis performed,
does not equal MCID. The MCID is notable, in that if treatment can lower scores of a certain test (by equal to or more
than the stated MCID for that particular test), patients will
notice clinically meaningful improvement in the symptom or
constellation of symptoms that said test is measuring. The
PSQI has a reported MCID of 3.0,29 the EpSS has a reported
MCID between 2 and3,30 and the FSS has a reported MCID of
0.45 to 0.88.31 The MCID values for SNOT-22 have been
reported to be between 9 and 12 depending on medical32 or
surgical25 management, respectively, whereas the MCID for
sdSNOT-22 has been reported as 2.9.33

Objective Sleep Outcome Measures
Objective sleep measures were recorded from polysomnography (PSG) data which is considered the gold standard for objective evaluation of sleep.34 Apnea–hypopnea index is deﬁned as
the total sum of apneas and hypopneas per hours of sleep and is
used to classify severity of obstructive sleep apnea (OSA):
below 5 is normal, >5 to <15 is mild OSA, >15 to <30 is moderate OSA, and above 30 is severe OSA.35 Oxygen nadir is the
minimum pulse oximetry SpO2 during the total sleep time and
above 90% is considered normal.36

Statistical Analysis
Meta-analysis of selected studies with a continuous measure
(comparison of means and standard deviations between pretreatment and posttreatment groups) was performed with
RevMan 5.4 (Nordic Cochrane Centre, Cochrane
Collaboration, 2011). Both the ﬁxed effects model and the
random-effects model were used in this study. This assumption is tested by the “heterogeneity test.” If there is high heterogeneity (I2 > 50%), then a random-effects model is used;
if low heterogeneity, then a ﬁxed-effects model is more
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appropriate.37 Finally, potential publication bias was evaluated by visual inspection of the funnel plot37 and Egger’s
regression test which statistically examines the asymmetry
of the funnel plot. In a funnel plot, treatment effect or
mean difference is plotted on the horizontal axis and the standard error on the vertical axis.38 The vertical line represents
the summary estimated derived using ﬁxed-effect analysis.
Two diagonal lines represent (pseudo) 95% conﬁdence
limits (effect ± 1.96 SE) around the summary effect for
each standard error on the vertical axis. These show the
expected distribution of studies in the absence of heterogeneity or of selection bias. In the absence of heterogeneity, 95%
of the studies should lie within the funnel deﬁned by these
diagonal lines. Publication bias results in asymmetry of the
funnel plot. A P value of <.05 was considered to indicate a
statistically signiﬁcant difference for all statistical tests.

Results
Initial literature search yielded 1414 unique articles. Figure 1
demonstrates reasons for study exclusion which resulted in
16 articles for quantitative analysis. The included studies
were published between 2011 and 2020, reporting data on
a total of 1770 patients with a mean age of 50.6 ± 15.6
(n = 1675) years. Most studies consisted of patients who
underwent surgical therapy followed by appropriate postoperative medical therapy, whereas one study2 reported
medical treatment outcomes alone, and 2 others14,39 included
a mixed cohort of patients with both medical and surgical
outcomes. Only studies reporting on surgical outcomes
were considered in the meta-analysis. Studies varied in
their inclusion, exclusion, and diagnostic criteria. Patients
had multiple comorbidities including asthma, allergies, previous sinus surgery, tobacco use, and depression that were
neither controlled for nor documented in every study analyzed (Table 1). Demographic data with objective, subjective, disease-speciﬁc PROMs, and follow-up times captured
in each study is listed in Table 1. Potential sources of bias
(Figure 2A) were most pronounced in selection of the
reported result. The majority of studies were considered
low risk for all other risk of bias items. Critical appraisal of
studies with accompanying funnel plot (Figure 2B) shows
all studies with the exception of 2 lie inside the funnel plot
with no asymmetry which indicates little publication bias.
Forest plots in Figures 3 and 4 speciﬁcally measure the effectiveness of treatment on PROMs and aim to serve as a proxy
of the real-life clinical effect of the interventions studied.
Meanwhile, Figure 5 measures the efﬁcacy of treatment
with regard to objective laboratory improvement, which
may not necessarily reﬂect a clinical change.

Subjective Sleep Parameters and PROMs
A forest plot is shown in Figure 3 that represents the impact of
treatment on sleep PROMs. Six studies utilized EpSS16,40–44
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Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) diagram.

to evaluate sleep outcomes and 8 studies2,3,14,16,42,45–47 used
PSQI. Three studies2,3,42 used the FSS as an indirect assessment of sleep quality. A mean posttreatment difference of
−2.8 (95% CI: −4.9 to −0.7, P = .008; MCID: 2.0-3.0)
was demonstrated for EpSS, −2.8 (95% CI: −4.2 to −1.5,
P < .0001; MCID: 3.0) for PSQI and −1.2 (95% CI: −1.7
to −0.7, P < .0001; MCID: 0.45-0.88) for FSS.
Figure 4 is a forest plot that depicts the effect of treatment
on
SNOT-22
and
sdSNOT-22
scores.
Seven
studies2,15,16,33,39,42,48 assessed QoL using SNOT-22, of
which 315,33,39 utilized the sleep domain to ascertain
change in sleep quality. A mean posttreatment difference of
−29.5 (95% CI: −31.1 to −27.9, P < .00001; MCID: 12)
and −6.1 (95% CI: −6.8 to −5.4, P < .00001; MCID: 2.9)
was calculated for SNOT-22 and sdSNOT-22, respectively.

Objective Sleep Parameters
Figure 5 represents the impact of treatment on objective measures of sleep. Five studies40–43,47 utilized the AHI as an
objective measure for change in sleep quality while 4
studies40–43 implemented the oxygen nadir. A mean posttreatment difference of 0.7 (95% CI: −1.5 to 2.9, P = .55)
was established for the AHI and 0.3 (95% CI: −0.4 to 0.9,
P = .46) for the oxygen nadir posttreatment.

Medical Treatment Only
Rowan et al2 reported a mean difference of −1.5, −1.7, and −18.3
for FSS, PSQI, and SNOT-22, respectively, following medical
treatment. Alt et al14 reported a mean difference of 0.40 for
PSQI in the medical treatment arm. Beswick et al39 reported a
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Abbreviations: CRS, chronic rhinosinusitis; CF, cystic; OLE, Oxford level of evidence; ESS, endoscopic sinus surgery; Med, medical treatment arm; SD, standard deviation; PSG, polysomnography; PSQI, Pittsburgh Sleep Quality Index; EpSS,
Epworth Sleepiness Scale; FSS, Fatigue Severity Scale; PROM, patient-reported outcome measures; SNOT-22, Sino-nasal Outcome Test; n: number.
a
Alt 2014 and Beswick 2018 had overlap in their cohorts but reported different baseline information. PSQI data were taken from Alt 2014 study and SNOT-22 data were taken from Beswick 2018 data.
b
Alt 2017 and Beswick 2018 reported medical and surgical outcomes. Rowan 2019 reported only medical outcomes.
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and Pang
(2015)
Rowan et al
(2019)b
Speth et al
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Tosun et al
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(2017)
Varendh
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Yoo et al
(2019)
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et al
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Farrell et al
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Liang
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Alt et al
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Beswick et al
(2018)a,b
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Table 1. Study Participant Demographics, Comorbidities, and Included Patient-Reported and Objective Sleep-Related Metrics.
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Figure 2. (A) Risk of Bias Graph; (B) Funnel Plot.

mean difference of −6.8 and −0.6 for SNOT-22 and sdSNOT-22,
respectively, for those in the medical treatment only group.

Discussion
This review with meta-analysis accords with the previously
published literature that treatment of CRS improves sleep

and disease-speciﬁc QoL. In this meta-analysis, the analyzed
PROMs demonstrated clinically signiﬁcant differences following treatment, with the EpSS, FSS, and SNOT-22
scores all exceeding a clinically important difference.
Objective measures of sleep as measured by PSG remained
unchanged and failed to show any improvement following
CRS treatment.

Figure 3. Impact of medical or surgical treatment on sleep PROMs. CRS, chronic rhinosinusitis; CI, conﬁdence interval; IV, inverse
variance; SD, standard deviation; EpSS, Epworth Sleepiness Scale; FSS, Fatigue Severity Scale; PSQI, Pittsburgh sleep quality index; Alt 2017a,
surgical group; Alt 2017b, medical group.
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Figure 4. Impact of medical or surgical treatment on SNOT-22 with sleep domain. CI, conﬁdence interval; IV, inverse variance; SD,
standard deviation; SNOT-22, Sinonasal outcome test – 22; Beswick 2018a, surgical group; Beswick 2018b, medical group.

Uninterrupted sleep is vital for the maintenance of patient
well-being and QoL.49 Similarly, CRS is generally considered a QoL disease, with treatment directed toward reduction
in symptom burden.5 By implementing straightforward questions that capture both nasal and extranasal symptoms, the
SNOT-22 has become the metric of choice to assess these
symptoms in the clinical setting.50 These extranasal symptoms, especially sleep disturbances, are often key considerations in patients’ perception of their general QoL48 and
their determination to pursue surgical intervention.11,51 In
the studies analyzed, both the SNOT-22 and sdSNOT-22
scores improved signiﬁcantly following the intervention.
Overall, the change in disease burden as measured by

SNOT-22 is signiﬁcant and consistent with the improvement
seen in the other PROMs measured.
Despite broad improvements in PROMs, objective sleep
metrics did not appear to change signiﬁcantly following the
intervention. Historically, polysomnographic ﬁndings have
been considered the gold standard for objective sleep measurement, with AHI having an essential role in diagnosing
OSA.52 In this current analysis, both the AHI and oxygen
nadir did not change signiﬁcantly with treatment; though
this is not necessarily unexpected and was exploratory in
nature. There are several explanations that may account for
this lack of change. The ﬁrst is that the sleep disturbance in
CRS is perhaps more akin to an upper airway resistance

Figure 5. Impact of surgical treatment on objective sleep metrics. CRS, chronic rhinosinusitis; CI, conﬁdence interval; IV, inverse variance;
SD, standard deviation; AHI, apnea–hypopnea index

Fried et al.
syndrome (UARS). This syndrome is distinct from OSA in
that it is more characterized by brief arousals that may not
necessarily be picked up by traditional PSG but can still
cause sleep dysfunction and excessive daytime sleepiness.53
Thus, although AHI and oxygenation failed to demonstrate
posttreatment changes in this current meta-analysis, treatment of CRS may in fact reduce this upper airway resistancelike syndrome leading to improvements in perceived sleep
quality. Additionally, it has been suggested that AHI may
not be the best indicator for determining symptoms of poor
sleep and in that regard, being used as the sole diagnostic criteria for OSA.54,55 And furthermore, oxygenation levels
display inherent variability and are intimately tied to one’s
age and/or pulmonary status.56,57 Therefore, based on this
data, it is difﬁcult to determine the extent to which these
objective sleep metrics are correlated to sleep dysfunction
in CRS patients. It is possible, however, there might be
other contributing factors at play, such as changes in one’s
baseline physiology.
Like many other inﬂammatory diseases, it is possible that
both pathologic disease ﬁndings and disturbances in one’s
normal physiology work in tandem to create the state of
fatigue and poor sleep commonly encountered in patients
with CRS. There are several mechanisms by which this
may occur. First, the nose is responsible for greater than
50% of the total resistance of the upper airway, and when
obstructed there is a maladaptive physiologic switch to oral
breathing.58 Mouth breathing is associated with up to 2
times higher resistance leading to signiﬁcantly more apneas
and hypopneas than nasal breathing.59 Moreover, CRS is
associated with an upregulation of certain pro-inﬂammatory
cytokines, known to interfere with restful sleep.6 These cytokines, including IL-4, IL-10, and TGF-b, may produce a
so-called “sickness behavior” that correlates with depression,
poor sleep, and fatigue.60 IL-4 and IL-10 in particular, are
intimately involved in promoting non-REM (NREM) sleep
and maintaining sleep homeostasis,61 while increases in
TGF-b correlate with worsening levels of fatigue.62
Interruptions, such as apneas or hypopneas, in sleep can
lead to an increase in REM sleep with accompanying loss
of NREM sleep,63 which has been shown to be more directly
tied to feelings of restfulness.64 Given that patients spend
75% of sleep in NREM sleep,65 interruptions to one’s sleep
may predispose one to lethargy and fatigue. Therefore, reestablishment of proper airﬂow might lower the frequency of
sleep disruptions, and decreasing in pro-inﬂammatory cytokines may lead to a perceived improvement in one’s sleepiness and fatigue. The role of the immune system in sleep
maintenance has been well-documented,66,67 and future prospective studies may ﬁnd it worthwhile to assess cytokine
levels as a surrogate marker of objective sleep for patients
with CRS.
This study has many strengths, including comprehensive
data collection, a robust number of studies, random-effects
modeling to reduce heterogeneity, and low level of
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publication bias. Despite these strengths, there are notable
limitations as well. The patients analyzed had a high mean
SNOT-22, indicating a larger burden of symptoms, which
may limit its generalizability. Furthermore, although the
change in EpSS was signiﬁcant, the baseline values were
within normal range for 5 out of 6 studies included.
However, it has been argued that an EpSS score greater
than 10 is not sensitive enough to detect all symptomatic
patients with excessive daytime sleepiness.68 Moreover, the
higher fatigue scores seen may represent other factors, such
as depression. Patients who are depressed are known to experience higher than average levels of fatigue69 and CRS
patients are frequently seen with comorbid depression,70–72
which was not possible to adjust for in this review. We
were also unable to adjust for the prevalence of smoking,
OSA, allergies, and nasal polyposis, in addition to patient’s
age, gender, and BMI, potentially weakening the associations
seen. Speciﬁcally, with regard to OSA, a total of 20 patients
out of the total patients studied were given a diagnosis of
OSA. Articles chosen for analysis were used if OSA was outrightly excluded from the population studied or minimally
impacted overall results. Thus, excluding larger studies39
and losing worthwhile data was not worthwhile as the
overall impact of the included patients is likely minimal.
Finally, the length of follow-up and treatment modalities
among studies were highly variable and unable to be adjusted
for. Certainly, there is substantial opportunity for improvement in data collection with pre- and postintervention objective metrics in order to better parse out potential inﬂuences of
CRS-related therapies on objective sleep metrics.

Conclusion
This review adds to the existing body of data that supports
the efﬁcacy of both medical and surgical treatment for the
alleviation of CRS-related sleep issues. As a vital part of
one’s overall QoL, quality sleep is considered a necessity
to most patients. This comprehensive analysis of both
broad sleep-related and sinonasal-speciﬁc patient-reported
outcomes, in addition to objective sleep metrics, demonstrates a direct association between CRS treatment and substantial reductions in burden of sinonasal disease and
clinically meaningful improvements in sleep quality and
patient fatigue.
Declaration of Conﬂicting Interests
The author(s) declared no potential conﬂicts of interest with respect
to the research, authorship, and/or publication of this article.

Funding
The author(s) received no ﬁnancial support for the research, authorship, and/or publication of this article.

394

American Journal of Rhinology & Allergy 36(3)

ORCID iDs
Jacob Fried
https://orcid.org/0000-0003-4400-6159
David A. Gudis
https://orcid.org/0000-0002-1938-9349
Nicholas R. Rowan
https://orcid.org/0000-0003-1296-2648

Supplemental Material

15.

16.

Supplemental material for this article is available online.

References
1. Talat R, Phillips KM, Caradonna DS, et al. Seasonal variations
in chronic rhinosinusitis symptom burden may be explained by
changes in mood. Eur Arch Otorhinolaryngol. 2019;276:2803–
2809. DOI: 10.1007/s00405-019-05555-w
2. Rowan NR, Schlosser RJ, Storck KA, et al. The impact of
medical therapy on cognitive dysfunction in chronic rhinosinusitis. Int Forum Allergy Rhinol. 2019;9:738–745. DOI: 10.
1002/alr.22323
3. Yoo F, Schlosser RJ, Storck KA, et al. Effects of endoscopic
sinus surgery on objective and subjective measures of cognitive
dysfunction in chronic rhinosinusitis. Int Forum Allergy Rhinol.
2019;9:1135–1143. DOI: 10.1002/alr.22406
4. Mahdavinia M, Schleimer RP, Keshavarzian A. Sleep disruption in chronic rhinosinusitis. Expert Rev Anti Infect Ther.
2017;15:457–465. DOI: 10.1080/14787210.2017.1294063
5. Fokkens WJ, Lund VJ, Hopkins C, et al. European position
paper on rhinosinusitis and nasal polyps 2020. Rhinology.
2020;58:1–464. DOI: 10.4193/Rhin20.600
6. Alt JA, Sautter NB, Mace JC, et al. Antisomnogenic cytokines,
quality of life, and chronic rhinosinusitis: a pilot study.
Laryngoscope. 2014;124:E107–114. DOI: 10.1002/lary.24412
7. Papagiannopoulos P, Kuan EC, Tajudeen BA. Chronic rhinosinusitis and sleep quality. Curr Opin Otolaryngol Head Neck
Surg. 2020;28:11–13. DOI: 10.1097/MOO.0000000000000600
8. Sedaghat AR, Hoehle LP, Gray ST. Chronic rhinosinusitis
control from the patient and physician perspectives.
Laryngoscope Investig Otolaryngol. 2018;3:419–433. DOI:
10.1002/lio2.208
9. Ji K, Risoli TJ, Kuchibhatla M, et al. Symptom proﬁle of
chronic rhinosinusitis versus obstructive sleep apnea in a tertiary rhinology clinic. Ann Otol Rhinol Laryngol.
2019;128:963–969. DOI: 10.1177/0003489419851527
10. Hui JW, Ong J, Herdegen JJ, et al. Risk of obstructive sleep
apnea in African American patients with chronic rhinosinusitis.
Ann Allergy Asthma Immunol. 2017;118:685–688. e681. DOI:
10.1016/j.anai.2017.03.009
11. DeConde AS, Mace JC, Ramakrishnan VR, et al. Analysis of
factors associated with electing endoscopic sinus surgery.
Laryngoscope. 2018;128:304–310. DOI: 10.1002/lary.26788
12. DeConde AS, Mace JC, Alt JA, et al. Investigation of change in
cardinal symptoms of chronic rhinosinusitis after surgical or
ongoing medical management. Int Forum Allergy Rhinol.
2015;5:36–45. DOI: 10.1002/alr.21410
13. Smith TL, Kern R, Palmer JN, et al. Medical therapy vs surgery
for chronic rhinosinusitis: a prospective, multi-institutional
study with 1-year follow-up. Int Forum Allergy Rhinol.
2013;3:4–9. DOI: 10.1002/alr.21065
14. Alt JA, Ramakrishnan VR, Platt MP, et al. Sleep quality outcomes after medical and surgical management of chronic

17.

18.

19.

20.

21.
22.
23.

24.

25.

26.

27.

28.

29.

30.

31.

rhinosinusitis. Int Forum Allergy Rhinol. 2017;7:113–118.
DOI: 10.1002/alr.21860
Rassi E E, Mace JC, Steele TO, et al. Improvements in
sleep-related symptoms after endoscopic sinus surgery in
patients with chronic rhinosinusitis. Int Forum Allergy
Rhinol. 2016;6:414–422. DOI: 10.1002/alr.21682
Rotenberg BW, Pang KP. The impact of sinus surgery on sleep
outcomes. Int Forum Allergy Rhinol. 2015;5:329–332. DOI:
10.1002/alr.21488
Palmer JN, Messina JC, Biletch R, et al. A cross-sectional,
population-based survey of U.S. adults with symptoms of
chronic rhinosinusitis. Allergy Asthma Proc. 2019;40:48–56.
DOI: 10.2500/aap.2019.40.4182
Aurora RN, Collop NA, Jacobowitz O, et al. Quality measures
for the care of adult patients with obstructive sleep apnea. J Clin
Sleep Med. 2015;11:357–383. DOI: 10.5664/jcsm.4556
Sukato DC, Abramowitz JM, Boruk M, et al. Endoscopic sinus
surgery improves sleep quality in chronic rhinosinusitis: a systematic review and meta-analysis. Otolaryngol Head Neck
Surg. 2018;158:249–256. DOI: 10.1177/0194599817737977
Moher D, Altman DG, Liberati A, et al. PRISMA statement.
Epidemiology. 2011;22:128. author reply 128. DOI: 10.1097/
EDE.0b013e3181fe7825
Oxford Centre for Evidence-Based Medicine. https://www.
cebm.net/2016/05/ocebm-levels-of-evidence/. 2016.
www.training.cochrane.org/handbook.
2020.
Accessed
September 20, 2020.
Buysse DJ, Reynolds CFIII, Monk TH, et al. The Pittsburgh
Sleep Quality Index: a new instrument for psychiatric practice
and research. Psychiatry Res. 1989;28:193–213. DOI: 10.
1016/0165-1781(89)90047-4
Johns M, Hocking B. Daytime sleepiness and sleep habits of
Australian workers. Sleep. 1997;20:844–849. DOI: 10.1093/
sleep/20.10.844
Hopkins C, Gillett S, Slack R, et al. Psychometric validity of the
22-item sinonasal outcome test. Clin Otolaryngol.
2009;34:447–454. DOI: 10.1111/j.1749-4486.2009.01995.x
DeConde AS, Mace JC, Bodner T, et al. SNOT-22 quality of
life domains differentially predict treatment modality selection
in chronic rhinosinusitis. Int Forum Allergy Rhinol.
2014;4:972–979. DOI: 10.1002/alr.21408
Valko PO, Bassetti CL, Bloch KE, et al. Validation of the
fatigue severity scale in a Swiss cohort. Sleep. 2008;31:1601–
1607. DOI: 10.1093/sleep/31.11.1601
Jaeschke R, Singer J, Guyatt GH. Measurement of health status.
Ascertaining the minimal clinically important difference.
Control Clin Trials. 1989;10:407–415. DOI: 10.1016/
0197-2456(89)90005-6
McDonnell LM, Hogg L, McDonnell L, et al. Pulmonary rehabilitation and sleep quality: a before and after controlled study
of patients with chronic obstructive pulmonary disease. NPJ
Prim Care Respir Med. 2014;24:14028. DOI: 10.1038/
npjpcrm.2014.28
Patel S, Kon SSC, Nolan CM, et al. Minimum clinically important difference of the Epworth Sleepiness Scale. Eur Respir J.
2017;50:PA330. DOI: 10.1183/1393003.congress-2017.PA330
Rooney S, McFadyen DA, Wood DL, et al. Minimally important difference of the fatigue severity scale and modiﬁed fatigue
impact scale in people with multiple sclerosis. Mult Scler Relat
Disord. 2019;35:158–163. DOI: 10.1016/j.msard.2019.07.028

Fried et al.
32. Phillips KM, Hoehle LP, Caradonna DS, et al. Minimal clinically important difference for the 22-item Sinonasal Outcome
Test in medically managed patients with chronic rhinosinusitis.
Clin Otolaryngol. 2018;43:1328–1334. DOI: 10.1111/coa.
13177
33. Chowdhury NI, Mace JC, Bodner TE, et al. Investigating the
minimal clinically important difference for SNOT-22
symptom domains in surgically managed chronic rhinosinusitis.
Int Forum Allergy Rhinol. 2017;7:1149–1155. DOI: 10.1002/
alr.22028
34. Berry RB, Budhiraja R, Gottlieb DJ, et al. Rules for scoring
respiratory events in sleep: update of the 2007 AASM
Manual for the Scoring of Sleep and Associated Events.
Deliberations of the Sleep Apnea Deﬁnitions Task Force of
the American Academy of Sleep Medicine. J Clin Sleep Med.
2012;8:597–619. DOI: 10.5664/jcsm.2172
35. Kapur VK, Auckley DH, Chowdhuri S, et al. Clinical practice
guideline for diagnostic testing for adult obstructive sleep
apnea: an American Academy of Sleep Medicine Clinical
Practice Guideline. J Clin Sleep Med. 2017;13:479–504. DOI:
10.5664/jcsm.6506
36. Gries RE, Brooks LJ. Normal oxyhemoglobin saturation during
sleep. How low does it go? Chest. 1996;110:1489–1492. DOI:
10.1378/chest.110.6.1489
37. Egger M, Davey Smith G, Schneider M, et al. Bias in metaanalysis detected by a simple, graphical test. BMJ.
1997;315:629–634. DOI: 10.1136/bmj.315.7109.629
38. Sterne JA, Sutton AJ, Ioannidis JP, et al. Recommendations for
examining and interpreting funnel plot asymmetry in metaanalyses of randomised controlled trials. BMJ. 2011;343:
d4002. DOI: 10.1136/bmj.d4002
39. Beswick DM, Mace JC, Rudmik L, et al. Productivity changes
following medical and surgical treatment of chronic rhinosinusitis by symptom domain. Int Forum Allergy Rhinol.
2018;8:1395–1405. DOI: 10.1002/alr.22191
40. Gunhan K, Zeren F, Uz U, et al. Impact of nasal polyposis on
erectile dysfunction. Am J Rhinol Allergy. 2011;25:112–115.
DOI: 10.2500/ajra.2011.25.3585
41. Jiang RS, Liang KL. The inﬂuence of functional endoscopic
sinus surgery on sleep related outcomes in patients with
chronic rhinosinusitis. Int J Otolaryngol. 2019;2019:7951045.
DOI: 10.1155/2019/7951045
42. Little RE, Schlosser RJ, Storck KA, Soler ZM. Effects of endoscopic sinus surgery on objective measures of sleep quality in
chronic rhinosinusitis. 2020.
43. Tosun F, Kemikli K, Yetkin S, et al. Impact of endoscopic sinus
surgery on sleep quality in patients with chronic nasal obstruction due to nasal polyposis. J Craniofac Surg. 2009;20:446–
449. DOI: 10.1097/SCS.0b013e31819b97ef
44. Värendh M, Johannisson A, Hrubos-Strøm H, et al. Sleep
quality improves with endoscopic sinus surgery in patients
with chronic rhinosinusitis and nasal polyposis. Rhinology.
2017;55:45–52. DOI: 10.4193/Rhin16.065
45. Alt JA, Smith TL, Schlosser RJ, et al. Sleep and quality of life
improvements after endoscopic sinus surgery in patients with
chronic rhinosinusitis. Int Forum Allergy Rhinol. 2014;4:693–
701. DOI: 10.1002/alr.21364
46. Farrell NF, Mace JC, Sauer DA, et al. Patient-reported sleep
outcomes lack association with mucosal eosinophilia or neutrophilia in patients with chronic rhinosinusitis undergoing

395

47.

48.

49.

50.

51.

52.
53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

functional endoscopic sinus surgery. Int Forum Allergy
Rhinol. 2020. DOI: 10.1002/alr.22678
Uz U, Günhan K, Yılmaz H, et al. The evaluation of pattern and
quality of sleep in patients with chronic rhinosinusitis with
nasal polyps. Auris Nasus Larynx. 2017;44:708–712. DOI:
10.1016/j.anl.2017.01.015
Speth MM, Hoehle LP, Phillips KM, et al. Changes in chronic
rhinosinusitis symptoms differentially associate with improvement in general health-related quality of life. Ann Allergy
Asthma Immunol. 2018;121:195–199. DOI: 10.1016/j.anai.
2018.05.029
Medic G, Wille M, Hemels ME. Short- and long-term health
consequences of sleep disruption. Nat Sci Sleep. 2017;9:151–
161. DOI: 10.2147/NSS.S134864
Ting F, Hopkins C. Outcome measures in chronic rhinosinusitis. Curr Otorhinolaryngol Rep. 2018;6:271–275. DOI: 10.
1007/s40136-018-0215-3
Mattos JL, Rudmik L, Schlosser RJ, et al. Symptom importance, patient expectations, and satisfaction in chronic rhinosinusitis. Int Forum Allergy Rhinol. 2019;9:593–600. DOI: 10.
1002/alr.22309
Goyal M, Johnson J. Obstructive sleep apnea diagnosis and
management. Mo Med. 2017;114:120–124.
Kristo DA, Lettieri CJ, Andrada T, et al. Silent upper airway
resistance syndrome: prevalence in a mixed military population. Chest. 2005;127:1654–1657. DOI: 10.1378/chest.127.
5.1654
Veasey SC. Obstructive sleep apnea: re-evaluating our index of
severity. Sleep Med. 2006;7:5–6. DOI: 10.1016/j.sleep.2005.
08.012
Borsini E, Nogueira F, Nigro C. Apnea-hypopnea index in
sleep studies and the risk of over-simpliﬁcation. Sleep Sci.
2018;11:45–48. DOI: 10.5935/1984-0063.20180010
Mitterling T, Högl B, Schönwald SV, et al. Sleep and respiration in 100 healthy caucasian sleepers—a polysomnographic
study according to American Academy of Sleep Medicine
Standards. Sleep. 2015;38:867–875. DOI: 10.5665/sleep.4730
Owens RL, Malhotra A. Sleep-disordered breathing and COPD:
the overlap syndrome. Respir Care. 2010;55:1333–1344; discussion 1344-1336.
Georgalas C. The role of the nose in snoring and obstructive
sleep apnoea: an update. Eur Arch Otorhinolaryngol.
2011;268:1365–1373. DOI: 10.1007/s00405-010-1469-7
Fitzpatrick MF, McLean H, Urton AM, et al. Effect of nasal or
oral breathing route on upper airway resistance during sleep.
Eur Respir J. 2003;22:827. DOI: 10.1183/09031936.03.
00047903
Kelley KW, Bluthé RM, Dantzer R, et al. Cytokine-induced
sickness behavior. Brain Behav Immun. 2003;17(Suppl 1):
S112–118. DOI: 10.1016/s0889-1591(02)00077-6
Krueger JM. The role of cytokines in sleep regulation. Curr
Pharm Des. 2008;14:3408–3416. DOI: 10.2174/1381612087
86549281
Blundell S, Ray KK, Buckland M, et al. Chronic fatigue syndrome and circulating cytokines: a systematic review. Brain
Behav Immun. 2015;50:186–195. DOI: https://doi.org/10.
1016/j.bbi.2015.07.004
Barbato G, Barker C, Bender C, et al. Spontaneous sleep interruptions during extended nights. Relationships with NREM and
REM sleep phases and effects on REM sleep regulation. Clin

396

64.
65.

66.

67.
68.

American Journal of Rhinology & Allergy 36(3)
Neurophysiol. 2002;113:892–900. DOI: 10.1016/s1388-2457
(02)00081-0
Eugene AR, Masiak J. The neuroprotective aspects of sleep.
MEDtube Sci. 2015;3:35–40.
de Andrés I, Garzón M, Reinoso-Suárez F. Functional anatomy
of non-REM sleep. Front Neurol. 2011;2:70. DOI: 10.3389/
fneur.2011.00070
Krueger JM, Majde JA, Rector DM. Cytokines in immune function and sleep regulation. Handb Clin Neurol. 2011;98:229–
240. DOI: 10.1016/b978-0-444-52006-7.00015-0
Asif N, Iqbal R, Nazir CF. Human immune system during sleep.
Am J Clin Exp Immunol. 2017;6:92–96.
Rosenthal LD, Dolan DC. The Epworth Sleepiness Scale in the
identiﬁcation of obstructive sleep apnea. J Nerv Ment Dis.
2008;196:429–431. DOI: 10.1097/NMD.0b013e31816ff3bf

69. Saltiel PF, Silvershein DI. Major depressive disorder: mechanismbased prescribing for personalized medicine. Neuropsychiatr Dis
Treat. 2015;11:875–888. DOI: 10.2147/ndt.S73261
70. Campbell AP, Phillips KM, Hoehle LP, et al. Depression symptoms and lost productivity in chronic rhinosinusitis. Ann Allergy
Asthma Immunol. 2017;118:286–289. DOI: 10.1016/j.anai.
2016.12.012
71. Cox DR, Ashby S, Mace JC, et al. The pain-depression dyad
and the association with sleep dysfunction in chronic rhinosinusitis. Int Forum Allergy Rhinol. 2017;7:56–63. DOI: 10.1002/
alr.21843
72. Schlosser RJ, Hyer JM, Smith TL, et al. Depression-speciﬁc
outcomes after treatment of chronic rhinosinusitis. JAMA
Otolaryngol Head Neck Surg. 2016;142:370–376. DOI: 10.
1001/jamaoto.2015.3810

