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Objective: Nasal diseases are among the main motives for the early discontinuation of continuous positive airway pressure
therapy and for long-term therapeutic compliance with mandibular advancement device. Although our clinical experience leads
us to the belief that recumbency impacts nasal airflow in some patient populations, there is no consensus regarding the magni-
tude of this effect and the specific group of patients who are the most affected by this condition. In this study, we conducted a
meta-analysis to assess the effect of the recumbent position on nasal resistance and nasal airflow.

Review Methods: PubMed (Medline), Cochrane Library, EMBASE, Scopus, and SciELO databases were checked for rele-
vant studies by two members of the YO-IFOS study group. The two authors extracted the data. The main outcome was
expressed as the difference between nasal resistance and nasal airflow before and after recumbency.

Results: Nine studies with a total population of 291 individuals were included in the meta-analysis for nasal resistance
after recumbency. We found a statistically significant difference in nasal airway resistance of −0.18 Pa sec/cm3 as compared to
before and after recumbency through rhinomanometry (RMM) analysis. A subgroup analysis revealed a variation of
−0.20 Pa sec/cm3 for patients with snoring or sleep apnea and − 0.10 Pa sec/cm3 for healthy individuals. Regarding nasal air-
flow measured with RMM, three studies (n = 32) in asymptomatic controls revealed a statistically significant difference of
47.33 ml/sec.

Conclusions: Recumbency increases nasal resistance and diminishes nasal airflow. This finding is of utmost importance
in snorers and sleep apnea patients.
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INTRODUCTION
The sensation of nasal obstruction when lying down

is a frequent complaint among patients in daily otolaryngol-
ogy practice. This condition was first described and named
as “positive posture reaction” by Rundcrantz.1 Nocturnal
nasal congestion, besides being an uncomfortable condition,

is a clinically relevant problem due to its association with
several disorders, including sleep apnea and asthma.2

Although the role of nasal obstruction as an indepen-
dent cause of sleep apnea is still under discussion,3 there is
no doubt that nasal diseases are among the main motives for
the early discontinuation of continuous positive airway pres-
sure (CPAP) therapy.4 Therefore, nasal diseases should be
adequately treated prior to the initiation of CPAP therapy to
ensure a long-term adherence.4 In the same line, there is an
association between increased nasal resistance and long-term
therapeutic compliance with mandibular advancement device
(MAD).5 Oral breathing was also found to be related with an
increased risk of nocturnal asthma attacks.6 Consequently,
as changes in body position can provoke nasal obstruction,
they can also trigger asthma attacks.7 Moreover, the obstruc-
tion of the nasal pathway leads to alveolar hyperventilation
through the stimulation of the nasopulmonary reflex.8

Changes in nasal airway resistance related to recum-
bency can be measured by several methods. Rhinomanometry
(RMM) is currently considered one of the most accepted tech-
niques for the evaluation of nasal ventilation.9 However, it is
primarily used for research purposes as its clinical use is lim-
ited by the lack of correlation between the nasal resistance
with the clinical symptoms of nasal obstruction. RMM mea-
sures the resistance of the transnasal airway; in other words,
it estimates how difficult it is to breathe through the nose.
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The nasal resistance is calculated through consecutive
measurements of nasal airflow and transnasal pressure.
De Vito et al. recommended performing RMM in seated
and recumbent body positions and named this assess-
ment as positional rhinomanometry.10

Although our clinical experience leads us to the
belief that recumbency impacts nasal airflow in some
patient populations, there is no consensus regarding the
magnitude of this effect and the specific group of patients
who are the most affected by this condition. To answer
these questions, we carried out this systematic review
and meta-analysis to explore the association between
supine decubitus position and nasal airflow resistance,
without restricting the type of included participants.

METHODS
This review was performed according to preferred reporting

items for systematic reviews and meta-analyses (PRISMA)
guidelines, and a formal PROSPERO protocol was published
according to the National Health Service International Prospec-
tive Register of Systematic Review (N� CRD42020212576) prior
to the initiation of the study. We also followed the recommenda-
tions of the AMSTAR-2 guidelines.11

Literature Search: Inclusion and Exclusion
Criteria

The criteria for considering studies for this systematic
review were based on the population, intervention, comparison,
and outcome (PICOS) framework.12

• Participants: humans.
• Intervention: supine recumbency.
• Comparison: before and after recumbency, data from uncon-

trolled studies (quasiexperimental studies), or intervention
and no-intervention cohorts from controlled studies (cohorts
and clinical trials).

• Outcomes: bilateral inspiration nasal airflow and resistance.
• Types of studies: clinical trials, case series, and prospective

and retrospective cohort studies published in peer-reviewed
journals. We did not include case reports, theses, or meetings’
communications. There were no restrictions by date or publi-
cation type. The search was last updated in December 2019.
We included studies published in English, Spanish, German,
French, Italian, and Portuguese.

• Exclusion criteria: 1) studies carried out on syndromic patients;
2) duplicated publications; 3) unilateral data; and 4) use of nasal
decongestants, as they were shown to annul the postural effect.13

Search Strategy
We followed the recommendations of the PRISMA statement

to perform a systematic review and searched the following data-
bases: PubMed (Medline), Cochrane Library, EMBASE, Scopus,
ScienceDirect, and SciELO. We used a predefined search strategy
that is described in Supporting Data 1. The abstracts of the
retrieved papers were thoroughly reviewed by two authors (C.C.H.
and C.C.E.), and the publications that could potentially fulfill the
inclusion criteria were selected for a full-text review. In case of
discrepancies between reviewers regarding the selection of the
abstracts, the corresponding papers were included in the full-text
review stage for a final assessment. We also manually reviewed
the references of all selected articles to identify any potentially
missing publication.

Data Extraction and Analysis
Two authors (C.C.H. and C.C.E.) independently analyzed the

articles that met the inclusion criteria and extracted the relevant
data. Extracted variables encompassed: sample size; age; initial
diagnosis; confounding factors including body mass index, preva-
lence of allergy, use of nasal steroids, and smoking habits;
methods used to measure the nasal resistance of airflow; and the
main outcome. The main outcome was expressed as percentage
change in nasal airflow and in nasal resistance before and after
recumbency along with its 95% confidence interval. Flow and
resistance were expressed in cm3/sec and Pa sec/cm3, respec-
tively. All the data are recorded in Table I.

Quality Assessment
We assessed the selected articles for both: the level of evi-

dence and the quality. The level of evidence was classified
according to the Oxford Centre for Evidence-Based Medicine
Levels (2011).

The risk of bias was assessed according to the quality
assessment of quantitative studies checklist from the National
Institute for Health and Clinical Excellence.14 The assessed
items are described in Table II. The items 2.1, 2.3, 2.6, 2.10, 3.5,
3.6, and 4.2 of the checklist were not assessed as they were not
applicable to the selected studies.

Statistical Analysis
Data were analyzed with STATA for Macintosh v. 15.1

(StataCorp®). P values < .05 were considered statistically signifi-
cant. Data were presented as 95% confidence interval.

We used Cochrane Collaboration’s Review Manager Soft-
ware (REVMAN), version 5.4 (Nordic Cochrane Centre, Cochrane
Collaboration, 2020, Copenhagen, Denmark), to conduct the
meta-analysis. The heterogeneity was checked using the Q-test
and I2 test. A fixed effects model was used for I2 < 50%, and a
random effects model was adopted when I2 was ≥50%. Finally,
the publication bias was assessed using the funnel plot and
Egger regression.

RESULTS

Search Results
A flow chart of the search process is shown in

Figure 1. The initial search retrieved 298 publications.
After checking all titles and abstracts, 33 studies were
selected for full-text review. A total of 15 studies with a
total population of 535 patients met the inclusion criteria.

The 18 publications were excluded after full-text
review because of the following reasons: 11 studies
encompassed RMM tests but the results were not
reported; four studies did not assess bilateral RMM; two
studies applied nasal decongestant; and one study did not
evaluate the change in nasal resistance between seating
and recumbency positions.

Results of the Included Studies
A summary of the selected studies is represented in

Table I.
General results. The age ranged from 25.8 to

55 years. The lowest mean age corresponds to the study
published by Hiyama et al. (25.8 years), and the highest
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mean age was reported by Zeng et al. in a cohort of nonre-
sponders to MAD therapy (55 years).

The mean sample size was 28.5. The largest study
was performed by Desfonds and colleagues in a cohort of

snorers (70 patients),13 and the smallest study was that
of Rao et al. (five patients).15

Nasal airway resistance. Thirteen of the 15 local-
ized studies had explored nasal resistance after
recumbency.1,2,5,7,10,13,16–22 All of the 13 studies, with the
exception of Karlsson et al., found that nasal resistance
increases with decubitus.

Nine studies with a total sample size of 332 individ-
uals were included in the meta-analysis (Fig. 2). The
pooled effect of the random model showed a statistically
significant difference in nasal airway resistance of
−0.17 Pa sec/cm3 between the readings before and after
recumbency. To get a perspective of this results, note that
a measurement of 0.30 Pa sec/cm3 is usually considered
the upper normal limit of the nasal resistance.23

Four studies (n = 177) encompassed patients with
snoring or sleep apnea. Under a random effect model, the
pooled effect yielded a statistically significant difference
in nasal airway resistance of −0.20 Pa s/cm3.

Finally, five studies were carried out in healthy indi-
viduals, exclusively. Restricting the analysis to these
studies showed a significant difference in nasal airway
resistance of −0.10 Pa sec/cm3.

Two studies investigated the change in nasal resistance
in patients with rhinitis.1,18 Rundcrantz found a statistically
significant difference in nasal airway resistance between the
readings before and after recumbency,1 whereas Altissimi
et al. did not find this change.18 It is worth noting that the
study by Karlsson et al. is not included as they performed

Fig. 1. Flow chart of the study selection process following the PRI-
SMA guidelines.

Fig. 2. Forest plot. Difference in nasal resistance after recumbency (in Pa sec/cm3) in the selected studies including the analyzed subgroups
(apnea patients, rhinitis, and healthy controls). [Color figure can be viewed in the online issue, which is available at www.laryngoscope.com.]
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their study in patients complaining of chronic nasal obstruc-
tion, but without a specific diagnosis.21

Only one study explored the difference in nasal
resistance in asthmatic patients and reported a sta-
tistically significant difference between before and
after recumbency measurements as compared with
controls.7

Nasal airflow. A total of three studies (n = 32) in
asymptomatic controls assessed the change in nasal air-
flow after recumbency.15,16,24 The findings of these stud-
ies were combined in a meta-analysis (Fig. 3), and the
pooled effect revealed a statistically significant differ-
ence of 47.33 ml/sec under a fixed effects model. Data
for nasal airflow are less standardized; however,
800 ml/sec is usually considered the lower normal
limit.25

Controlled studies. There were six controlled
studies1,2,7,13,18,22; however, as they include non-
comparable cohorts, the results of these studies could
not be meta-analyzed. The controls were compared
with apnea patients in the study of Virkulla et al.,22

with patients complaining from nocturnal nasal conges-
tion in the study of Stroud et al.,2 with patients suffer-
ing from rhinitis in the studies of Rundcrantz1 and
Altissimi et al.,18 with snorers in the study of Desfonds
et al.,13 and finally with asthmatic patients in the
study of Duggan et al.7

Publication Bias and Small Study Bias
The funnel plot (Fig. 4) and Egger regression test indi-

cate the absence of publication bias (t = −0.67; P = .51).

DISCUSSION
This is the first systematic review and meta-analysis

that assesses the effect of recumbency on nasal airflow
and nasal resistance.

We revealed two main findings. First, recumbency
increases nasal resistance and diminishes nasal airflow
in the whole studied population. Second, the effect on
nasal resistance varies between individuals, as it is
stronger in apnea patients (0.20 Pa sec/cm3) than in con-
trols (0.10 Pa sec/cm3). This effect also seems to be more
evident in rhinitis and asthmatic patients than in other
individuals, but the findings of the corresponding studies
could not be pooled in a meta-analysis.

This finding is clinically relevant as, despite some
existing debates, the upper normal limit for the nasal
resistance is 0.30 Pa sec/cm326; therefore, a change of
0.20 Pa sec/cm3 represents a remarkable indicator in the
worsening of the nasal resistance. The relationship
between nasal resistance and nasal airflow follows an
exponential curve because nasal resistance is mathemati-
cally calculated from an exponential value of the nasal
volume and from the differential nasal pressure (Fig. 5).27

It means that, in patients suffering from severe nasal

Fig. 3. Forest plot. Difference in nasal airflow after recumbency (in cm3/sec) for all included studies. [Color figure can be viewed in the online
issue, which is available at www.laryngoscope.com.]

Fig. 4. Funnel plot assessing the risk of publication bias for the
studies included in the meta-analysis of the nasal resistance. [Color
figure can be viewed in the online issue, which is available at www.
laryngoscope.com.]

Fig. 5. Exponential relationship between nasal airflow (y axis) and
nasal resistance (x axis).
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congestion, small variations in nasal resistance do not
lead to significant changes in nasal airflow. However, in
patients with nasal resistance values that range between
0.2 Pa sec/cm3 and 0.5 Pa sec/cm3 (upper normal limits),26

even a small variation in nasal resistance can induce
huge changes in nasal airflow. Therefore, in this group of
borderline patients, small variations in nasal resistance like
those found in this meta-analysis may cause nocturnal nasal
congestion in asymptomatic patients. In fact, Stroud et al.
found that patients with nocturnal nasal congestion had
normal basal nasal resistance (0.16 Pa sec/cm3) that subse-
quently increased to the limit of normality (0.3 Pa s/cm3)
after recumbency, providing therefore a sufficient evidence
to consider this change as potentially clinically relevant.2

There would be a great interest in knowing if those
differences in airflow and nasal resistance are clinically
relevant. This means that if those differences are detected
by the subjects under study or if they could change the
mode of breathing. However, little information has been
published in this regard. The number of patients who
changed from normal to pathologic nasal resistance was
only determined by De Vito et al., who studied patients
suffering from sleep apnea. De Vito et al. found that 31%
of patients with normal basal nasal resistance developed
pathologic nasal resistance upon recumbency.10 This study
applied the limit 0.50 Pa sec/cm3, revealing therefore that
the percentage of patients who developed pathologic nasal
resistance could have been even higher if the standard
limit of 0.30 Pa sec/cm3 were used.

This finding is of particular importance in patients
for whom nocturnal nasal breathing is crucial. This group
of patients includes individuals with sleep apnea and
asthmatics. Only Solomon reported that several partici-
pants begun mouth breathing within seconds after
becoming supine.28 However, none of the other studies
investigated this outcome. On the contrary, some studies
reported the number of patients who did not have any
change in nasal resistance. This frequency was 13.33%
and 9.52% as reported by Hasegawa et al.29 and Miljeteig
et al.,19 respectively. Furthermore, there is a remarkable
interindividual variation, which might range from 20% to
120% according to Hiyama et al.17 It means that noctur-
nal nasal congestion is not a universal disorder; therefore,
there must be other factors contributing to the effect of
recumbency on nasal resistance apart from the change in
body posture.

The underlying physiology behind nocturnal nasal
congestion is not clear. Three disorders were suggested to
play a role in the occurrence of nocturnal nasal conges-
tion, and the event can be an outcome of the combined
effect of the three disorders.

The first hypothesis is related to venous stasis syn-
drome. This hypothesis is supported by the fact that in
the erect position, the pressure within the jugular vein is
almost zero, while it increases from 4.5 mmHg to
11 mmHg with the 0� decubitus.30 In line of this, nasal
resistance also increases after compression of the jugular
vein.1

The second hypothesis deals with baroreceptor-
mediated reflex. Previous studies demonstrated that the
application of unilateral pressure to the axillary region,31 or

in the lateral side of the body,15 provokes an ipsilateral
nasal congestion and contralateral decongestion, suggesting
therefore that a neural reflex is mediated by pressure
receptors.

The third hypothesis suggests that preponderance of
the parasympathetic autonomous system increases with
decubitus.29 This hypothesis is based on findings of ani-
mal studies in which electrical stimulation of the cat’s
cervical sympathetic trunk yielded a greater reduction in
blood flow.32 Electrical stimulation of the vagus nerve in
pigs also caused bilateral vasodilatation of the nasal
mucosa.33 The effect of body position on nasal permeabil-
ity is provoked by a reflex arc that is controlled by effer-
ent nerve fibers extending from the cervical sympathetic
plexus and by afferent fibers projecting from pressure
receptors in the subcutaneous tissue. In humans,
Riechelman et al. studied the effect of body position on
nasal resistance, with alfa 1 and alfa 2 adrenergic recep-
tors blockers, and reported an increased positional effect
under alfa 1 blocking. Riechelman et al. concluded that
alfa 1 adrenergic receptors are the main regulators of the
filling pressure of capacitance vessels of the nose.24

Despite that data regarding the worsening in nasal
resistance with decubitus are unanimous, there is some
concerns regarding the role of some unstudied potential
confounding variables. The first concern is that nasal
resistance is not always constant in healthy individuals.
It is influenced by several factors such as positional
changes, menstrual cycle, partial pressures of oxygen
and carbon dioxide (breath holding or hyperventilation),
temperature, humidity, or exercise. Therefore, RMM has
been criticized by some authors. However, measuring the
difference of nasal resistance according to body position
under equal conditions allows to neutralizing the effect of
potential confounding factors.

On the other side, several factors such as smoking
habit, obesity, rhinitis, or drug intake may influence
the magnitude of the effect of body position on nasal
resistance.34

Smoking damages the nasal mucosa.35 Stroud et al.
found that smokers had a significantly greater posture
effect compared with nonsmokers or with patients with-
out rhinitis. In fact, this difference was six times higher
for smokers.2 Unfortunately, none of the studies included
in this meta-analysis analyzed the effect of body position
in a subgroup of smokers.

Although we could not perform a subgroup analysis
limited to patients with rhinitis, the presence of rhinitis
seems to be clearly related to an increased positional
effect.1,18,29 Rundcrantz found that the positional effect in
patients with rhinitis was three times higher than that in
asymptomatic controls.1 The magnitude of the effect
reported by Stroud and colleagues was even higher as they
found that the difference in nasal resistance in patients
with rhinitis was 23 times higher than that in controls.2

On the contrary, Virkkula et al. found that nasal resis-
tance did not increase in 15% of the patients with history
of allergic rhinitis.22 Interestingly, Rundcrantz found that
eight out of nine patients with positional increased nasal
resistance showed normal results in RMM after receiving
a 6-month treatment with subcutaneous injections of
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allergen.36 Several studies mentioned the number of
patients with allergy; however, only few of these studies
performed a subgroup analysis to control for this con-
founding factor.

Nasal steroids have been shown to normalize the
postural effect in rhinitis patients, with an increased nor-
malizing effect after 2 weeks.29 Nevertheless, most stud-
ies did not control for this variable, which could have
introduced some bias.

Finally, the degree of decubitus is an important
variable reported by several authors.1,2,17,29 Hasegawa
et al. found that the nasal resistance increases in a
linear relationship in controls and exponentially in allergic
rhinitis patients with an increasing degree of decubitus.29

Rundcrantz also found a progressive worsening of nasal
resistance with increased decubitus using the critical
point 20�.1 Most authors explored participants under 0�

of decubitus; however, others did not report this vari-
able, which might influence the final results.

Knowledge Gap
There are some knowledge gaps, which could guide

researchers to future studies. None of the studies were
carried out in children. This fact is of utmost importance
that according to Mew’s tropic premise, keeping the
mouth closed is fundamental for a proper facial growth.37

There is a lack of information regarding the duration
of increased nasal resistance caused by decubitus. Clini-
cians are concerned about nasal resistance during the
whole night, not only during the first few minutes. If the
positional effect were reversible after time, our concern
would change; however, the available related data are lim-
ited. Kurita and colleagues performed 15 repeated mea-
surements of change in nasal resistance after 5 minutes of
sitting and after 5 minutes in supine posture. They found
an almost immediate worsening with supine position, but
nasal resistance decreased gradually during the next few
minutes.38 Similar findings were reported by Broms et al.
who explored nasal resistance for 90 minutes of sitting
and 30 minutes in recumbent position. Broms et al. found
a respective progressive improvement and worsening.39

However, they did not inquire into this finding, which we
think that it is of utmost importance.

There is only one study that assessed nasal resis-
tance before and after turbinate surgery, normalizing
therefore the positional effect by comparing it to con-
trols.40 There is a crucial need for further studies that
investigate the effect of turbinate surgery, as it could be a
treatment for patients who snore or have sleep apnea.

Limitations
As with any systematic review, we may have missed

some studies in the literature despite doing our best to
provide a comprehensive review. Furthermore, conclu-
sions drawn from systematic reviews and meta-analyses
depend on the quality of the included studies. The quality
of the studies included in our review was poor regarding
the adjustment for confounding factors. The conclusions
can only be applied to the studied population (probably

males in middle age) and cannot be generalized to older
individuals or children due to lack of data as discussed
earlier. RMM has shown a poor correlation with clinical
symptoms. Therefore, it would be interesting to know the
clinical relevance of the observed changes in this tech-
nique. However, none of the included studies had
explored this variable. Finally, although some studies
were carried out in asymptomatic healthy individuals, it
is still not clear what is meant by the used term “normal”
is and what was the cut-off value after which the worsen-
ing in nasal resistance and nasal airflow became evident
to the patient. Furthermore, the estimated confidence
interval was very wide due to the small sample size.

CONCLUSION
Recumbency increases nasal resistance and dimin-

ishes nasal airflow. This finding is of outmost importance
in snorers and sleep apnea patients. However, additional
research is needed to correlate and understand the clini-
cal implications of the changes seen on the objective mea-
surements. Furthermore, there is a clear need for studies
in subgroup populations such as sleep apnea, rhinitis, or
asthmatic patients to expand the available sample size.
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