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Abstract

Objectives To investigate olfactory function (OF) in patients with obstructive sleep apnea (OSA) and evaluate whether or not the
use of positive airway pressure (PAP) treatment has an impact on olfactory performance.

Methods All studies published in English that gave satisfactory data regarding the assessment of OF in patients with OSA were
included in this review. First, a baseline assessment of OF in patients with OSA who had not received any treatment was
examined. Second, the effect of PAP therapy on OF was assessed to be able to make before and after comparisons. The primary
outcome of this study was the threshold-discrimination identification (TDI) scores, obtained from the Sniffin” Sticks test.
Results The database search identified 552 articles. According to the exclusion criteria, 11 studies involving 557 patients
diagnosed with OSA were included in this meta-analysis. The general rate of olfactory dysfunction was 73% (95% CI:
56.481-87.057) among the patients with OSA. The patients with OSA had lower TDI scores compared to the control group
and the difference was statistically significant (p < 0.001). PAP treatment significantly improved the TDI scores in patients with
OSA (p <0.001). There was a significant negative correlation between the severity of apnea-hypopnea index and TDI scores (p =
0.001, z =—3.377, r = —0.438) and between age and TDI scores (p = 0.007, z = —2.695, r = —0.236).

Conclusion This meta-analysis demonstrates that OSA impairs OF, while PAP treatment can reverse the olfactory performance
of patients with OSA.

Keywords Obstructive sleep apnea - Olfactory - Sniffin’ Sticks test - Positive airway pressure - Meta-analysis

Introduction OSA pathophysiology, is also the region where the olfactory

pathways begin. Beyond this close regional relationship, the

Obstructive sleep apnea (OSA) affects millions of people
worldwide. OSA is not only an upper airway disease but also
a systemic disorder that is associated with many comorbidities
such as hypertension, coronary arterial disease, stroke, and
metabolic syndrome. Repetitive episodes of partial or com-
plete upper airway collapse during sleep are the main charac-
teristics of OSA [1]. The upper airway, which is the origin of
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physiological, neurological, and systemic dimensions of these
two important subspecialities of otolaryngology raise the need
for research on this subject in terms of possible interaction
between olfactory function (OF) and OSA.

The sense of smell is one of the most ancient senses of
human beings, which directly impacts quality of life, affects
interpersonal relationships, and provides protection from dan-
gerous conditions in the environment such as gasses, fire,
burns, and rotten food. Patients with olfactory dysfunction
may experience restrictions in their daily life activities [2].
Since the loss of smell also leads to taste disorders, the impor-
tance of smell functions in social life increases even more.
Decreased flavor perception and impaired enjoyment of food
may result in reduced appetite which can lead weight gain or
weight loss in line with eating more or less [3]. Patients with
olfactory dysfunction may be unable to work in some jobs
requiring good OF, and impaired ability to perceive one’s
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own body odors may lead to self-confidence problems.
Furthermore, those patients reportedly have a higher preva-
lence of depression than is found in the general population [4].

Upper airway infections, sinonasal pathologies, nasal ob-
struction, tumors, traumas, disorders of the central nervous
system, and drugs are common causes of olfactory dysfunc-
tion. The impact of COVID-19 must also be mentioned as the
most recently reported reason for smell dysfunction [5].
Recent studies have provided consistent evidence regarding
the negative effect of OSA on olfactory performance [6-8].
The local effect of OSA on the nasal mucosa, such as long-
standing vibrations and local neuropathy, is one of the sug-
gested hypotheses for olfactory dysfunction [7]. Another hy-
pothesis is explained by the neurocognitive effects of
OSA that patients with OSA can show impaired cogni-
tive functions depending on sleep fragmentation, inter-
mittent hypoxia, and hypoxia-reoxygenation episodes
[8]. However, the exact mechanism leading to olfactory
dysfunction in OSA is still unknown.

Although current literature is still poor in terms of under-
standing OF in patients with OSA, the number of published
articles performed using the Sniffin’ Sticks test is sufficient to
produce a general outcome. This meta-analysis study has two
purposes: to investigate OF in patients with OSA and evaluate
whether or not positive airway pressure (PAP) treatment has
an impact on olfactory performance.

Data and methods
Literature research

The Preferred Reporting Items for Systematic Reviews and
Meta-analyses statement was followed during this review
(https://www.prisma-statement.org). The literature search
was performed using MEDLINE, Google Scholar,
Cochrane, and SAGE databases. Various combinations of
the following search terms were used: snoring, sleep apnea,
obstructive sleep apnea, olfactory, olfaction, smell, odor,
Sniffin’ Sticks, and positive airway pressure. The final update
of the review was done on June 1, 2020. The entire literature
was reviewed from this date back, and the articles included in
this meta-analysis were published between 2014 and 2020.

Inclusion criteria

All studies published in English that focused on OF assess-
ment in patients with OSA were included in this review. The
Sniffin’ Sticks test for olfactory measurements and
polysomnography for the diagnosis of OSA were the sine
qua non of the meta-analysis.

@ Springer

Exclusion criteria

Studies that focused on patients with a history of upper airway
surgery (including septoplasty, rhinoplasty, turbinoplasty,
concha ablation, endoscopic sinus surgery, OSA surgeries),
upper respiratory infections, sinonasal diseases (including
chronic rhinosinusitis, nasal polyps, inferior turbinate hyper-
trophy, allergic rhinitis), tumors, history of severe head trau-
ma, neurological and psychiatric disorders, and endocrine and
metabolic disorders were excluded from this review. Some
other articles were also excluded for the following reasons:
no smell test, different olfactory test, no description of statis-
tical data, other diseases/treatments, use of a language other
than English, duplication of published literature, review/meta-
analysis, non-original studies (letters, editorial, comments,
posters, chapter, etc.), genetic studies, biochemical studies,
animal studies, radiological studies (without smell test), and
pediatric studies (Fig. 1).

Data extraction

The titles and abstracts of the studies were inspected, and data
were extracted according to the inclusion/exclusion criteria.
These data included the author names, the publication year,
the number of reported patients, the average age, gender in-
formation, the mean apnea-hypopnea index (AHI), evaluation
method for OF, the mean overall threshold-discrimination
identification (TDI) scores, the percentage of olfactory dys-
function in patients with OSA, use of PAP treatment, and the
outcomes/comments of the studies.

Main outcome measurements

The Sniffin’ Sticks test is a test of nasal chemosensory perfor-
mance based on pen-like odor dispensing devices [9, 10]. The
test consists of three components: olfactory threshold, olfac-
tory discrimination, and olfactory identification. The total of
these three scores gives the overall threshold-discrimination
identification (TDI) score. The TDI score is generally consid-
ered to be normal at > 30.5. Subjects with a TDI score of <
30.5 are considered to have olfactory dysfunction.

The primary outcome in this meta-analysis was the mean
TDI score. The secondary outcomes were olfactory dysfunc-
tion rate, correlations between TDI and AHI as well as TDI
and age, and the impact of PAP treatment on TDI.

Statistical analysis

Meta-analysis was performed using MedCalc version 19.3
(MedCalc Software, Ostend, Belgium). When P > 50% and
p < 0.05, heterogeneity was considered statistically signifi-
cant. The significance of the heterogeneity was used to deter-
mine whether the data would be analyzed with a fixed or a
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Fig. 1 Flowchart for selection of
studies according to inclusion/
exclusion criteria

Articles identified through database searching
(PubMed/MEDLINE, Google Scholar, SAGE, Cochrane)
(n=552)

Excluded (n = 478)

e Sinonasal diseases (n = 40)

e Neurological diseases (n = 43)

e Metabolic diseases (n = 15)

e Other diseases/treatments (n = 84)

e Surgical treatment for OSA (n = 39)

e Other surgical interventions (n = 31)

e Nosmell test (n=14)

e Review/meta-analysis (n = 37)

e Non-original studies (letters, editorial,
comments, posters, chapter, etc.) (n =
126)

e Genetic studies (n = 6)

e Biochemical studies (n =11)

e Pediatric population (n =23)

' .

Animal studies (n=9)

Articles for full text analysis after

screening from all databases (n = 74)

— ‘ Removal of duplications (n = 58)

v

Remaining articles (n = 16) |

Articles excluded after final detailed evaluation
(n=5)
— e Insufficient statistical data (n = 1)

e Different olfactory test (n =3)

e Radiological studies without smell test

(n=1)

v

Finally included in the meta-analysis (n = 11)

random-effects model. The meta-analysis was based on a
three-step assessment: (1) The proportional rate of olfactory
dysfunction in cases with OSA was determined, (2) the com-
parison of OF between patients with OSA and the control
subjects was performed, and (3) the comparison was made
between the TDI scores before and after PAP treatment.
Correlations between TDI and age and between TDI and
AHI were also evaluated.

Quality assessment of the studies included in this
meta-analysis

The National Institute for Health and Clinical Excellence (NICE)
quality assessment tool was used to evaluate the studies included

in this review. The following eight items were investigated for
each study according to the NICE checklist:

(1) Was the case series collected in more than one center
(i.e., multicenter study)?

(2) Is the hypothesis/aim/objective of the study clearly
described?

(3) Are the inclusion and exclusion criteria (case definition)
clearly reported?

(4) Is there a clear definition of the outcomes reported?

(5) Were data collected prospectively?

(6) Is there an explicit statement that patients were recruited
consecutively?

(7) Are the main findings of the study clearly described?
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(8) Are the outcomes stratified (e.g., by abnormal results,
disease stage, and patient characteristics)?

The total quality score for each study was calculated.

Results

The database search identified 552 articles. According to the
exclusion criteria, 478 studies were excluded in the first step.
After removing duplicates from the remaining 74 studies, 16
studies were found to be relevant. After a detailed evaluation,
another 5 studies were excluded; thus, 11 studies involving
557 patients with a diagnosis of OSA were finally included in
this meta-analysis (Fig. 1) [6-8, 11-18]. The largest study
sample of patients with OSA was enrolled in the study by
Liu et al. (» = 80), and the lowest number in the study by
Versace et al. [8, 17] The gender information revealed the
enrolment of 558 males (79%) and 145 females (21%), includ-
ing the control groups. The average age of the patients in the
studies ranged from 43.9 to 56.0 years. The mean AHI values
were not reported clearly in all the included studies but were
mostly given in the part of subgroups according to OSA se-
verity such as mild, moderate, severe, mild to moderate, and
moderate to severe (Table 1).

Assessment of the rate of olfactory dysfunction in
OSA cases

Among the studies included in this meta-analysis, only seven
studies contain the data of olfactory dysfunction rate in pa-
tients with OSA (Table 2). The random-effects model was
used to analyze the data (test for heterogeneity; Q =
75.4158, p < 0.0001, P (inconsistency) = 92.04%). Of 397
patients with OSA, the general rate of olfactory dysfunction
was 73% (95% CI: 56.481-87.057) (Fig. 2).

The comparison of olfactory functions between study
and control groups

Of the studies included in this meta-analysis, five case-control
studies compared OF between patients with OSA and patients
without OSA (AHI <5) (Table 3). There were 291 patients with
OSA, and 252 control subjects (AHI < 5). Some of the studies
reported the results in subgroups according to the AHI severity;
thus, the subgroups of these studies were evaluated separately in
the meta-analysis calculation. The random-effects model was used
to analyze the data (test for heterogeneity; Q = 84.1153, p <
0.0001, 2 (inconsistency) = 90.49%). The meta-analysis results
showed that patients with OSA had lower TDI scores compared to
the control subjects and the difference was statistically significant
(p < 0.001, standardized mean difference (SMD) = —1.831, 95%
CI: —2.483 to —1.180) (Fig. 3).
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Assessment of the effect of PAP treatment on
olfactory function

Four studies with 121 patients investigated the effect of PAP
therapy on OF (Table 4). The total duration of PAP therapy
was 3 months in three studies, whereas it was 2 months in one
study. The fixed-effects model was used to analyze the data
(test for heterogeneity; O = 5.7024, p = 0.1270, I*
(inconsistency) = 47.39%). The meta-analysis results showed
that PAP treatment significantly improved the TDI scores in
patients with OSA (p < 0.001, SMD =—0.527, 95% CI: 0.27—
0.78) (Fig. 4).

Assessment of correlations

Six studies with 354 patients evaluated the correlation be-
tween AHI and TDI scores. The random-effects model was
used to analyze the data (test for heterogeneity; O =31.3286, p
< 0.0001, 7 (inconsistency) = 84.04%). The meta-analysis
results showed a significant negative correlation between the
severity of AHI and TDI scores (p = 0.001, z = =3.377, r =
—0.438, 95% CI: —0.631 to —0.195).

Three studies with 135 patients evaluated the correlation
between the age of the participants and TDI scores. The fixed-
effects model was used to analyze the data (test for heteroge-
neity; O = 3.8671, p = 0.1446, P (inconsistency) = 48.28%).
The meta-analysis results showed a significant negative cor-
relation between age and TDI scores (p = 0.007, z=—2.695, r
=—0.236, 95% CI: —0.392 to —0.0654).

Methodological quality of the included studies

Of'the 11 included studies, 5 were case-control studies, 4 were
before and after PAP studies, while 2 were case series. The
NICE quality assessment tool demonstrated that the studies
met between five and seven points from the total eight points
(7,5,6,6,06,6, 6, 6,6, 6, and 6 points).

Discussion

The pathophysiological origin of OSA is the upper airway,
which also includes the nasal passages. The peripheral olfac-
tory system consists mainly of the nose, the nasal cavities, and
the olfactory epithelium. Despite this close anatomical posi-
tional relationship, whether OF is affected in patients with
OSA remains unclear. Furthermore, OSA is known to cause
undesired neurocognitive effects, which may also be associat-
ed with the central olfactory system. In this meta-analysis, the
assessment of OF in patients with OSA was conducted. This
topic (i.e., OF in OSA) is still new but has been stagnant for
some time. All the studies examined in this meta-analysis
were published between 2014 and 2020.
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The results of this meta-analysis showed four important
outcomes:

(1) Baseline olfactory scores of patients with OSA were low-
er compared to normal reference levels.

(2) OF of patients with OSA was reduced significantly com-
pared to those without OSA.

(3) The use of PAP therapy provided significant improve-
ment in OF in OSA patients.

(4) OF scores showed significant negative correlations both
with age and with the severity of OSA.

Two mechanisms have been primarily suggested to explain
the pathophysiology of olfactory dysfunction in OSA. One is
the local effect of OSA on the nasal mucosa and local neurop-
athy because of long-standing vibrations and hypoxia of the
nerves. OSA is usually caused by multilevel obstructions, and
most of the patients with OSA have concurrent nasal obstruc-
tion [19]. As it is the beginning of the upper airway, any
resistance in the nasal airway will alter the airflow dynamics.
This resistance can interrupt the route of odorants reaching the
olfactory region, leading to olfactory dysfunction. Fu et al.
investigated the relationship between nasal structure and OF
using acoustic rhinometry and the Sniffin’ Sticks test in pa-
tients with OSA and found that the minimum cross-sectional
area of the nose and nasal volume was significantly correlated
with olfactory parameters in OSA subjects [7]. Based on these
outcomes, they speculated that performing nasal surgery to
increase airflow in OSA subjects may also improve olfactory
performance. According to Magliulo et al., nasal obstruction
directly affects OF in patients with OSA because the impair-
ment resulting from the anterior thinomanometry was more
common among patients with olfactory dysfunction than in
those without olfactory dysfunction [15]. In addition, OSA
patients usually show poor mucociliary clearance, which leads
to disrupted interaction between odorants and the olfactory
epithelium [15, 20]. Further studies are also needed to evalu-
ate whether proinflammatory markers in the nasal airway,
which have been previously shown to be increased in the
upper airway samples of patients with OSA, contribute to
olfactory alterations.

The other mechanism can be explained by the
neurocognitive effects of OSA. Previous studies have shown
that neurocognitive dysfunction leads to olfactory
malfunctioning in patients with neurodegenerative diseases
such as Alzheimer’s and Parkinson’s [21-23]. Similarly, pa-
tients with OSA have impaired cognitive functions as a result
of sleep fragmentation, sleep loss, arousals, intermittent hyp-
oxia, and hypoxia-reoxygenation episodes [24—26]. It has also
been reported that nocturnal hypoxemia causes neuronal loss
in the prefrontal, posterior parietal cortex, and hippocampus
[27]. Eventually, cognitive deficits in patients with OSA may
affect memory, attention, and executive functions. Daurat

et al. found that the number of microarousals was the best
predictor of memory deficit in patients with OSA [28].
Therefore, they suggested a possible link between episodic
memory deficit and sleep-sensitive brain areas, such as the
hippocampus, which are also associated with the olfactory
pathways. Several studies have revealed that subjects who
are successful in the assessment of executive functioning also
show good scores in discrimination and identification of
more odors [29, 30]. In the most recent study, Liu et al.
suggested that olfactory dysfunction in patients with
OSA may be caused by impaired cognitive functions
that occur in OSA subjects [8].

Beyond these explanations, another possible mechanism is
related to the alterations in cholinergic neurotransmission.
Versace et al. investigated this issue by evaluating the short-
latency afferent inhibition of the motor cortex in addition to
the assessment of OF in patients with OSA [17]. The OSA
patients were found to have a significantly reduced short-
latency afferent inhibition supporting cholinergic dysfunction.
The occurrence of olfactory dysfunction might indicate a cog-
nitive impairment triggered by the alterations in neurotrans-
mitter balance in patients with OSA. The reason for this situ-
ation in OSA is dependent on impaired sleep architecture,
sleep fragmentation, intermittent hypoxia, deterioration of
REM/non-REM sleep quality, and increased daytime sleepi-
ness [17, 27].

There are various connections and pathways from the ol-
factory bulb to the brain, such as the piriform cortex, the
entorhinal cortex, the orbitofrontal cortex, the anterior olfac-
tory nucleus, the periamygdaloid hippocampal region, and the
hypothalamus, as well as tertiary connections to the limbic
and autonomic systems in the brain [31]. Previous studies
have shown that cell neurogenesis and density are reduced,
especially in the hippocampus, the frontal cortex, and gener-
alized gray matter in patients with OSA [32, 33]. According to
these outcomes, it can be hypothesized that the factors causing
neurocognitive dysfunction in patients with OSA can lead to
olfactory dysfunction in those patients. To the best of our
knowledge, no study has demonstrated both neurocognitive
dysfunction and olfactory dysfunction at the same time in the
same population with OSA. Therefore, there is a need for
future research to reveal this relationship using more objective
and quantitative methods.

The Sniffin’ Sticks test was used as the main method to
evaluate OF in this meta-analysis, as most of the studies in-
vestigated OF using this test. However, Invitto et al. assessed
olfactory perception in patients with OSA through the
chemosensory event-related potentials (CSERP) [34]. The
CSERP of patients with OSA was found to differ from that
of healthy subjects, and OSA subjects showed greater CSERP
in the right inferior frontal cortex and the left centroparietal
suggesting an impairment in endogenous components. Given
these outcomes, based on an objectively quantifiable olfactory
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Table 2  The proportion of olfactory dysfunction and the meta-analysis

Study Sample size Number of cases with Proportion (%) 95% CI Weight (%)
olfactory dysfunction
Fixed Random

Dinc (2020) 22 22 100,000 84,563 to 100,000 5.69 12.99
Fu (2015) 76 51 67,105 55,374 to 77,457 19.06 14.80
Karakurt (2019) 79 66 83,544 73,505 to 90,937 19.80 14.83
Koseoglu (2017) 30 21 70,000 50,604 to 85,265 7.67 13.60
Liu (2020) 80 43 53,750 42,242 to 64,972 20.05 14.84
Magliulo (2018) 60 22 36,667 24,594 to 50,103 15.10 14.57
Shin (2017) 50 44 88,000 75,690 to 95,466 12.62 14.36
Total (fixed effects) 397 269 69,380 64,632 to 73,842 100.00 100.00
Total (random effects) 397 269 73,194 56,481 to 87,057 100.00 100.00

assessment, that study is important for future research regard-
ing olfactory assessment in patients with OSA.

Recent studies have shown some evidence that the
likely effect of OSA on OF is an impairment, which
can be reversed by PAP therapy [11, 14, 18]. There
are conflicting results from different studies regarding
the effect of PAP treatment on the nasal mucosa. On
the one hand, PAP can itself induce nasal inflammation
due to its “mechanical stimulus” effect on the nasal
mucosa [35]. On the other hand, intranasal inflammation
can be reportedly reduced by regular PAP use [36].
According to the results of this meta-analysis, the use
of PAP therapy for at least 3 months may provide a
significant improvement in OF in patients with OSA.

Fig. 2 The proportional rate of

olfactory dysfunction in patients Dinc (2020)
with obstructive sleep apnea and
the meta-analysis Fu (2015)

Karakurt (2019)
Koseoglu (2017)
Liu (2020)
Magliulo (2018)

Shin (2017)

Total (fixed effects)

Total (random effects)
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A long-lasting use with good adherence may be even
more beneficial to improve OF in these patients—for
example, a cohort study of PAP adherent patients with
a follow-up period of at least 1 year may demonstrate
more reliable results. Since the studies evaluating the ef-
fect of PAP treatment on OF only provided TDI scores, it
is not possible to comment on the clinical outcomes of
PAP treatment. Only the study by Boerner et al. provided
the data of sense of smell self-estimation VAS, which was
not significantly changed after 3 months of CPAP [11].
Further studies are needed to investigate if the olfactory
dysfunction rate expressed by TDI scores is in line with
clinical significance. Another issue is that there are no
data of the effect of non-PAP treatment on OF in patients
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The studies giving comparison between OSA and controls and the meta-analysis

Table 3

Weight (%)

95% C1

SD SMD

n (OSA) n (control) The mean TDI in OSA SD  The mean TDI in controls

Study

Fixed Random

11.28
10.96
10.35
11.85
11.79
12.00
11.19
10.09
10.50

9.73
7.59
5.22

5.19 —0.962 —1.603 to —0.320
5.19 —1.954 -2.680 to —1.229

5.19 —3.322 —4.193 to —2.451

3.1

6.83 34.57
5.15 3457

421
49

28.57

20
20
20
40

23

Karakurt (2019) (mild OSA)

24.29
19

25
31

Karakurt (2019) (moderate OSA)
Karakurt (2019) (severe OSA)

34.57

18.16
16.72
23.32
9.03
4.55
5.68

—0.894 —1.356 to —0.431
—1.244 -1.726 to —0.761

—0.460
—2.040

27.5

23.8

40

Liu (2020) (mild to moderate OSA)
Liu (2020) (severe OSA)

Magliulo (2018)

3.1

27.5

4.7

22.5
30

40

40

—0.867 to —0.0531
—2.702 to —1.379

5.31
1.6
1.6

4.5

8.09 333
1.4
0.9

40

60

Salihoglu (2014) (mild to moderate OSA) 29

36.5

334

26
26
20

-3.654 —4.588 to —2.720
—2.477 -3.319 to —1.636
—1.384 —1.579 to —1.190

—-1.831

36.5

31.6

23

Salihoglu (2014) (severe OSA)

Versace (2017)

32.7

3.6

224

20

291
291

100.00 100.00

-13.972 <0.001

—5.520

252
252

Total (fixed effects)

100.00 100.00

<0.001

—2.483 to —1.180

Total (random effects)

OSA obstructive sleep apnea, 7D/ threshold-discrimination identification score, SD standard deviation, SMD standardized mean difference

with OSA. It can be speculated that if PAP therapy could
become successful in the amelioration of olfactory dys-
function by treating OSA, other alternatives to PAP such
as upper airway surgery, oral appliances, and
neurostimulation might also be effective if these treat-
ments provide acceptable success in relieving OSA.

There is evidence that the olfactory bulb volume measured
on magnetic resonance imaging (MRI) is a good indicator of
OF [37, 38]. In an MRI study by Salihoglu et al., there was
found to be a significant negative correlation of AHI with odor
identification score and both the right and the left olfactory
bulb volumes [6]. Damm et al. used a combined assessment
method using both the Sniffin’ Sticks test and MRI and found
that there are two important areas in the nasal cavity where
olfactory performance is the most affected: the segment in the
upper meatus below the cribriform plate and the anterior seg-
ment of the inferior meatus [39]. The latter finding sup-
ports the importance of the inferior turbinate region for
OF. Therefore, surgical interventions on inferior turbi-
nate might affect OF.

According to the results of this meta-analysis, the
TDI scores showed significant negative correlations both
with age and the severity of OSA (AHI). According to
Dinc et al.,, age is an important factor for olfactory
functions in patients with OSA, as they obtained a bet-
ter improvement following a 2-month PAP treatment in
younger patients compared to the older patients [12].
OF reportedly tends to deteriorate in the elderly.
Similarly, the incidence of OSA increases in elderly
patients because of impaired neuromuscular dysfunction.
Moreover, the cognitive impairment that comes with
aging may also affect odor functions. Despite these
age-related confounding factors, none of the OSA
groups included in this meta-analysis differed from the
control groups in terms of age, but they showed higher
rate of olfactory dysfunction than the control subjects.
The average age of the patients with OSA ranged from
43.9 to 56.0 years in the included studies, and the over-
all incidence of olfactory dysfunction in healthy individ-
uals of the same age population is around 20% [40, 41].
According to the results of this meta-analysis, the rate
of olfactory dysfunction in patients with OSA is 73%.
This outcome should be kept in mind when evaluating
patients with OSA.

This study has a few limitations: (1) The total number
of included studies was limited, and moreover, meta-
analysis calculations for subgroup evaluations had to be
performed with even fewer studies. (2) Male predomi-
nance (79%) was significant in all the included studies,
so the results from this meta-analysis mainly indicate the
OF of males with OSA. (3) As nasal obstruction is com-
mon in OSA subjects, making an olfactory assessment in
these patients without excluding all kinds of nasal
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Fig. 3 The meta-analysis based
on the comparison of the
threshold-discrimination identifi-
cation scores between the patients
and controls (expressed as stan-
dardized mean difference)

Liu (2020) (mild to moderate OSA) —

Liu (2020) (severe OSA) —

Magliulo (2018)

Salihoglu (2014) (mild to moderate OSA) |~

Salihoglu (2014) (severe OSA) —

Versace (2017)

Total (fixed effects)

Total (random effects)

abnormalities will cause controversial outcomes. This
subject is evaluated based on the examination findings
given by the authors of the included articles. This meth-
odological limitation can only be overcome by using ad-
ditional methods such as complete radiological assess-
ment of the patients. (4) Since the mean NICE quality
score of the included studies was six points out of eight
in total, it must be emphasized that future study designs
on this subject should be further developed. The readers
should keep these points in mind regarding the generaliz-
ability of this meta-analysis on the OSA population.
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Conclusion

This meta-analysis showed that olfactory performance is
reduced in patients with OSA. However, this impair-
ment seems to be reversible when PAP treatment is
effectively used. OF may worsen with the increasing
severity of OSA and aging. To understand and clarify
the exact pathophysiology of olfactory dysfunction in
OSA, there is a need for further research using more
objective and quantitative assessments, and combining
radiological, neurological, and physiological methods.

Table 4  The studies giving the outcomes of PAP treatment and the meta-analysis

Study Sample Themean SD  The mean SD SMD 95% C1 t p Weight (%)

TDI before TDI after PAP

PAP Fixed Random
Boerner (2017) 25 32.5 434 342 486 —0363 —0.9281t00.201 21.41 2335
Dinc (2020) 22 22.6 42 227 59 -0.0192 -0.617 to 0.578 19.25  21.97
Koseoglu (2017) 30 28.48 471 32.5 3.88 —0.920 —1.457 to —0.382 2344 24.54
Walliczek-dworschak (2017) 44 29.4 4.11 323 482 —0.642 -1.073t0-0.211 3590 30.15
Total (fixed effects) 121 -0.527 —0.783 t0 —0.272 —4.060 <0.001 100.00 100.00
Total (random effects) 121 -0.508 —0.866 to —0.151 —2.800 0.006  100.00 100.00

PAP positive airway pressure, 7D/ threshold-discrimination identification score, SD standard deviation, SMD standardized mean difference
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Comment In this well written and succinct systemic review and meta-
analysis of the literature, the authors show that untreated OSA adversely
olfactory function. This effect of OSA is reversible by treatment. Another
health and well-being benefit of treating OSA. The pathophysiology of
this can’t be inferred from this study but it does make a compelling case
for further research in OSA.
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