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Abstract

Purpose This meta-analysis study was designed to analyze the olfactory function in obstructive sleep apnea patients (OSA).
Methods A comprehensive review of the English language literature regarding OSA patients and olfactory function/dys-
function was performed. The papers assessing olfactory dysfunction with Sniffin’ Sticks test were taken into consideration.
Results A total of 420 OSA patients were judged eligible for the study. The average TDI score was found to be 24.3 +5.6. The
olfactory identification (OD), the olfactory discrimination (OD), and the olfactory threshold (OT) average values were calcu-
lated resulting 9.9+2.1, 9.8+ 1.5, and 5.3 +2, respectively. There were 161 healthy control subjects in this meta-analysis. The
average TDI of the control group was 30.7 + 6.0 showing a statistical difference with the group of OSA patients (p =0.03).
A linear correlation between Apnea—Hypopnea Index (AHI) increase and TDI decrease (R2=0.1, p=0.05) was detected.
Finally, the average values of TDI of 151 patients classified as mild—-moderate OSA and 159 patients considered as severe
OSA were calculated. The difference between these two groups resulted not statistically significant (p=0.3).

Conclusion The comparison between OSA patients and healthy subjects using Sniffin’ Sticks test showed lower values of the
various olfactory parameters. Although a linear correlation between AHI increase and olfactory dysfunction was observed,
no statistical difference between mild—-moderate and severe OSA patients in terms of the severity of olfactory dysfunction
could be proved.
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Introduction

Obstructive sleep apnea (OSA) syndrome is a respiratory
sleep disorder characterized by partial or complete recur-
rent episodes of upper airway collapse that impair nor-
mal ventilation during sleep [1, 2]. OSA manifests with
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a reduction (hypopnea) or complete cessation (apnea) of
airflow in the upper airways, in the presence of breathing
effort [3].

The repeated nocturnal desaturation events lead the
OSA patients to develop cardiovascular co-morbidities
such as resistant hypertension and increased risk of car-
diovascular events such as stroke and heart attack [4].
The sleep fragmentation caused by this pathology is often
related to excessive daytime sleepiness and reduced neu-
rocognitive performance, with possible deficits of mem-
ory, learning, attention, executive function, psychological
problems, and depression [5, 6].

The sense of smell is a sensorineural system with a
high impact on the quality of life (QOL) when its function
is impaired [7-9]. A recent study regarding the healthy
population showed that the overall incidence of olfactory
dysfunction was 19.1%, composed of 13.3% and 5.8% of
patients with hyposmia and anosmia, respectively [10].
Similar data were reported by Hummel et al. with a 20%
incidence of olfactory dysfunction in subjects between 36
and 55 years of age [11].

Sinonasal diseases, nasal obstruction, reduced neuro-
cognitive function, drugs, and toxins are the most impor-
tant causes of olfactory dysfunction (OD) [9, 12-14].
Such clinical conditions may be present in OSA patients,
making these subjects inclined to developing an olfactory
dysfunction [1, 2, 5, 6, 15-17].

In 2009, Miyamoto et al. were the first to demonstrate
a reduction of olfactory function in patients with obstruc-
tive sleep apnea, by means of a comparative analysis of
the Odor Stick Identification Test in other diseases such
as idiopathic rapid-eye-movement (REM) sleep behavior
disorder (iRBD), Parkinson’s disease (PD), and dementia
with Lewy bodies (DLB) [18].

Nowadays, the most widely used test for evaluation of
olfactory function is the Sniffin” Sticks test. It allows a
repetitive and inexpensive evaluation of olfactory function
via the use of a pen-like odor-dispensing devices [19].
This test investigates hyposmia and anosmia conditions,
and allows a reproducibility and comparison of the data
obtained [20]. The Sniffin’ Sticks test includes three sub-
tests which evaluate the olfactory threshold (OD), olfac-
tory discrimination (OD), and identification (OI). The sum
of the results from each of three different sub-tests results
in a total score defined as TDI. According to the exist-
ing literature, the results of the TDI score indicate hypos-
mia when the total TDI score is < 30.5, anosmia when it
i8 < 16.5, and no OD when the TDI score is > 30.5 [21].

Using the Sniffin’ Sticks test, Magliulo et al. showed that
olfactory dysfunction was present in 36.6% of OSA patients
[9]. Of these cases, 86.4% presented hyposmia and 13.6%
anosmia. A strong negative correlation between olfactory
dysfunction (measured with TDI) and the severity of sleep

@ Springer

apnea (measured with the AHI) was found. Other author
used the Sniffin” Sticks test to investigate the correlation
between OSA and olfactory function and published interest-
ing results [8—11]. They found a lower olfactory function in
OSA patients, variability of the olfactory parameters in rela-
tion to OSA sub-class severity, and differences in olfactory
function compared with non-OSA healthy patients [8—11].

Considering the growing scientific evidence concerning
olfactory dysfunction in OSA patients, we found useful to
analyze the results obtained from the various clinical studies
present in the literature regarding this topic.

The main objective of this study is to confirm the
described evidence of a reduced olfactory function in OSAS
patients, an aspect so far demonstrated only in isolated stud-
ies. Hence, a meta-analysis to evaluate the effect of OSA
on olfactory function was performed to corroborate the
data previously reported by other authors [7-10]. No meta-
analysis studies regarding the olfactory dysfunction in OSA
patients have been published to date.

Materials and methods
Literature review: research protocol

A comprehensive review of the English language literature
regarding OSA patients and olfactory function/dysfunction
was performed using PubMed, EMBASE, Cochrane Library,
and CENTRAL electronic databases.

The search was conducted using the following keywords:
“Sleep apnea and smell”, “Sleep apnea and olfactory dys-
function”, “Sleep apnea and olfactory function”, “OSA and
smell”, and “OSA and olfactory dysfunction”.

Fifteen records regarding the topics studied were initially
identified by abstract reading. One paper was excluded,
because found to be duplicated during research.

Six papers were excluded later for the following reasons:
letter to the editor (one paper), absence of data about TDI/
AHI (one paper), and olfactory dysfunction not tested using
the Sniffin’ Sticks test (four papers).

The flowchart of study selection is reported in Fig. 1.

Meta-analysis protocol

Articles were examined for data resolution with the intent of
performing a meta-analysis.

Data from the studies were first extracted and assessed
by the principal investigator (G. 1.) and then independently
evaluated by two coauthors (A. M. and G. M.) using stand-
ardized data forms. The Apnea—Hypopnea Index (AHI),
Epworth Sleepiness Scale (ESS), body mass index (BMI)
score, mean SpO,, and OSA sub-classes classification in
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Fig. 1 Flowchart of study
selection
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according to the severity of the pathology were collected
and analyzed.

Different methods of meta-analysis were considered in
reviewing the literature to seek results that would provide
meaningful analysis with the least risk of introducing biases.

This protocol was developed in line with the quality
requirements of the preferred reporting items for systematic
review and meta-analysis protocols (PRISMA) statement
[22].

The quality assessment of studies (QUADAS-2) tool was
used to evaluate the relevant study design characteristics of
the included studies [23].

Statistical analysis was performed using statistical soft-
ware (STATA 8.2; StataCorp LP, College Station, Texas).

Random-effects modeling (standard error esti-
mate = inverse of the sample size) was used to calculate
summary effect measures with corresponding 95% confi-
dence intervals (CI), and forest plots were generated. The
P statistic was used to assess between-study heterogeneity.

Results

A graphical display of QUADAS-2 results is shown in
Fig. 2. This graphical display shows the possible risk of bias.

Eight studies were included in the meta-analysis aimed at
evaluation of olfactory function in Obstructive Sleep Apnea
[7-9, 11, 16, 17, 24, 25]. A total of 420 OSA patients (85
females, 335 males) were considered eligible for the study.
Patient’s characteristics, AHI, ESS, BMI, mean SpO,, and
Sniffin’ Sticks test results are summarized in Table 1. The

QUADAS-2: possible risk of bias
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Fig.2 QUADAS-2: graphical display shows the possible risk of bias

mean age of OSA patients was 49.3 years. The average AHI
of OSA patients evaluated was 34.2 +19.8. The average val-
ues of ESS, SpO,, and BMI were 10.4+1, 93.3+2.2, and
29.5 +2, respectively.

The average TDI score of the entire study group was
found to be 24.3+5.6. The OI, OD, and OT average
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Table 1 Meta-analysis results

Obstructive sleep apnea  Control group D Mild-moderate OSA Severe OSA p
(OSA) patients
Number patients 420 161 151 159
Age 49.3 49.2 1 49 494 0.9
Female/male 85/335 27/134 18/117 23/136
Average AHI 342+19.8 32+1.2 0.001 16.5+3.9 554+69 0.0001
TDI 243+5.6 30.7+£6.0 0.03 25355 21.7+6.37 0.3
Odor identification 9.9+21 12+1.6 0.04 10.3+2 9.3+2.6 0.5
Odor discrimination 9.8+1.5 12.2+0.8 0.003 10.2+1.1 9+1.8 0.2
Odor thresholds 53+2 78+2.4 0.02 57+£22 42+2.1 0.3
ESS 104+1 6.5+2.5 0.002 9.5+03 11.3+1.1 0.05
Average SpO, 93.3+22 95.9+1.1 0.01 94.6+2.6 91.1+1.5 0.05
BMI 29.5+2 263+1.8 0.004 28.3+2.2 30.7+£1.5 0.05

A p value <0.05 was considered significant

values were calculated as 9.9+2.1, 9.8+ 1.5, and 5.3 +2,
respectively.

The distribution of TDI values of different studies (forest
plot defined according to OSAS severity sub-classes when
reported in the studies) is reported in Fig. 3.

Using random-effects modeling (Fig. 4), the meta-
analysis showed a significative relative risk of developing
a lower TDI in relation to the severity of the AHI score
(p=0.00, ?=92.2%).

Six studies described a control group that was used to
compare the olfactory results between sleep apnea patients

and healthy patients [7-9, 17, 24, 25]. A total of 161
healthy control patients were considered in the meta-anal-
ysis (Table 1). The mean age was found to be 49.2 years
with an average AHI of 3.2 + 1.2. No statistical difference
in average age emerged comparing OSA patients and the
control group (p=1).

The average TDI of the control group was 30.7 +6.0;
a statistical difference with the group of OSA patients
(p=0.03) was calculated. The same statistical differ-
ence emerged in OI, OD, and OT values between OSA
patients and the control group (p <0.05 in each case).

Forest plot of TDI values in analyzed studies

—e—Salihoglu el al. severe OSAS 23 pts
—e—GUnbey et al. Severe OSAS 15pts oo
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Fig.3 Forest plot reporting TDI values in different studies enrolled (the plot has been defined according to OSAS severity sub-classes when

these were reported in the studies). Patients (pts)
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Fig.4 Random-effects mode-
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The differences in OSA characteristics between these two
groups of patients are reported in Table 1.

These data were confirmed by comparing TDI and AHI
in the healthy subjects of the control group using the meta-
regression analysis model. A linear correlation between
AHI increase and TDI decrease emerged (R>=0.1,
p=0.05). Meta-regression analysis results, comparing TDI
with ESS, SpO,, and BMI, are reported in Fig. 5.

Five studies reported the olfactory function in the dif-
ferent severity classes of the OSA [7, 8, 16, 23, 24]. These
studies were taken into consideration for the meta-analysis
that compared the olfactory dysfunction in the different
severity classes of the OSA. In these studies, 151 patients
were classified as mild-moderate OSA, whereas 159
patients were considered as severe.

The average TDI of the mild—moderate group was
25.3+5.5, whereas the severe group showed an average
TDI of 21.7 + 6.37. Despite a difference between these two
groups in the average value of TDI, a statistical difference
did not emerge (p =0.3). Similarly, no difference emerged
in OI, OD, and OT between mild—moderate and severe
OSA patients (p > 0.05 in each case). The differences in
OSA characteristics between these two groups of patients
are reported in Table 1.

Discussion

Major findings of the literature and results
emerging from the study

In the literature, it is well documented how the risk of olfac-
tory dysfunction increases with age and can be related to
various other pathologies such as nasal obstruction, chronic
rhinosinusitis, head injuries, upper respiratory tract infec-
tions, or neurodegenerative diseases [10, 12, 26-29]. Fur-
thermore, it is described in the literature how the patient
with OSA may present different factors correlated to OD
(nasal obstruction, neurocognitive deficits, chronic rhinosi-
nusitis, etc.) [30, 31]. The available data regarding the inci-
dence and grade of olfactory dysfunctions in OSA patients
have increased over the last few years [24, 33, 34].

In 2015, Giinbey et al. demonstrated how OSA patients,
compared to healthy adults, present a reduced identification,
discrimination and TDI scores of odors [8]. Similarly, in the
study of Liu et al. the OD, OI, and TDI scores were signifi-
cantly higher in a control group (snoring patients) than in
the study groups (mild, moderate, and severe OSA patients)
(p<0.05) [11]. In their study, Versace et al. showed that
OSA patients had a mean TDI of 22.4 + 3.6, whereas con-
trol patients had a mean TDI of 32.7 +4.5 with an evident
statistical difference (p <0.001) [24].

In this meta-analysis, the average TDI score of the entire
study group was 24.3 + 5.6, classifying OSA patients in the
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Fig.5 a Meta-regression model
comparing the TDI scores and
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TDI range of anosmic patients. The data that emerged from
the six studies which considered a control group of healthy
patients revealed a statistical difference between the mean
TDI of patients with OSA and the control group (p =0.03).
A similar statistical difference emerged in the values of OI,
OD, and OT. It was not possible to calculate the differences
between the percentages of anosmic and/or hyposmic sub-
jects among OSAS patients, because these percentages were
reported in only two of the studies analyzed.

Various studies studying olfactory function in OSA
patients have also shown the severity of OSA to be cor-
related with olfactory dysfunction. Giinbey et al. found
a strong negative correlation between all the olfactory
scores of the Sniffin’ Sticks test and mean arterial oxygen
saturation, lowest oxygen saturation, and AHI [8]. Simi-
larly, Magliulo et al., using a regression analysis, found a
strong correlation (p=0.04; R?=0.05) between olfactory
dysfunction (lower TDI) and the severity of sleep apnea
assessed using the AHI [9]. A strong inverse correlation
between AHI and TDI scores (r= —0.62, p<0.001) was
also reported in a very recent study by Karakurt et al. [25].

The above data were confirmed in our meta-analysis study,
using the regression analysis model to compare TDI and OSA
scores. A linear correlation between AHI increase and reduc-
tion of TDI emerged (R*=0.1, p=0.05). Significant corre-
lations were also found between TDI and ESS (R?>=0.2 and
p=0.04), whereas SpO, and BMI did not show a statistical
correlation (p > 0.05). Using random-effects modeling (Fig. 4),
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the meta-analysis revealed a significant relative risk of having
a lower TDI in relation to the severity of the AHI (»p=0.00,
P=922%).

Is there a difference in olfactory function between
mild—-moderate and severe OSA patients? Although sin-
gle studies seem to show that a difference exists between
these two groups, our meta-analysis has shown different
results. Five of the studies considered in the meta-analysis
compared olfactory dysfunction in patients with mild-mod-
erate OSA with that of severe OSA patients: 151 patients
were classified as mild—-moderate OSA and 159 patients
were considered as severe OSA. The average TDI in the
mild-moderate group was found to be 25.3 +£5.5, while
the severe group showed an average TDI of 21.7 +6.37.
Despite the differences in the mean TDI values between
these two groups, a statistically significant difference
did not emerge (p =0.3). Similarly, no differences were
observed in the mean scores of OI, OD, and OT between
mild—moderate and severe OSA patients (p > 0.05 in each
case) (Table 1).

These findings lead us to conclude that the severity of OSA
correlates with olfactory dysfunction, but mild—moderate and
severe OSA patients do not present a difference in the olfactory
scores resulting from the Sniffin’ Sticks test.

Possible reasons of correlation between OSA
and olfactory dysfunction

Although the literature currently available indicates a pos-
sible correlation between OSA and olfactory function, little
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is known regarding the mechanism underlying this probable
relationship.

The pathophysiological process underlying olfactory dys-
function in OSA patients could be attributable to the effects
of a cognitive deterioration in such patients characterized by
a disorder of the central cholinergic system [32]. Impairment
of this system would lead to a deficit in odor memory, rec-
ognition of a familiar odor and the acquisition of a complex
odor discrimination activity. Regarding this aspect, Versace
et al. performed an evaluation of cholinergic neurotrans-
mission and olfactory function in obstructive sleep apnea
syndrome patients 24. They used the short latency afferent
inhibition (SAI) that is a paired-pulse transcranial magnetic
stimulation (TMS) protocol that makes it possible to test an
inhibitory cholinergic circuit in the human cerebral motor
cortex. Twenty patients with OSA and 20 healthy control
subjects were tested: SAI was reduced in OSA patients in
comparison to control subjects and impairment of choliner-
gic neurotransmission was observed in OSA patients. The
Kendall rank test revealed a strong negative correlation
between TDI and SAI in the patient group (tau=— 0.84,
p<0.001).

In addition to these findings, several studies have reported
that deprivation/fragmentation of sleep and intermittent
hypoxia is associated with reduced activity in the prefrontal
and posterior parietal cortex such as neuronal loss in the
hippocampus and the thalamus where the areas involved in
neurological odor processing are localized [35-37]. Previous
studies have shown that an individual’s cognitive perfor-
mance exerts a significant influence on olfactory functions
and that an improvement in cognitive performance, usually
impaired in OSA patients, could be associated with a gain in
olfactory function. These aspects have been demonstrated by
Koseoglu et al. who used the Sniffin’ test to evaluate altera-
tions in the olfactory indices before and after C-PAP treat-
ment in OSA patients [16]. A total of 30 patients included
in the study presented a significant improvement of OT, OD,
and OI scores after C-PAP therapy (p=0.001, p=0.002,
and p=0.001, respectively). The post-treatment TDI score
(32.50 +3.88) was also significantly higher than the pre-
treatment scores (28.48 +4.71) (p=0.001).

In our opinion, despite the published findings mentioned
above, further studies are needed to clarify the pathophysi-
ological factors responsible for impairment of olfactory
function in OSA patients.

Finally, the high BMI of OSAS patients is in our opinion
another important aspect that should be remembered and
discussed. An elevated BMI is a well-established charac-
teristic of OSA patients which could be correlated with the
reduction of smell in OSA patients. Various studies have
described a decline of TDI with increased BMI. In this
regard, Peng et al. [38], in a meta-analyses study, reported
that olfactory function is negatively correlated with body

weight. In our meta-analysis, a statistical difference between
OSA patients and the healthy control group emerged regard-
ing BMI (p =0.004; Table 1). However, as shown in Fig. 5d,
despite a linear correlation between TDI and BMI, the meta-
regression analysis failed to show a positive correlation
(p=0.09).

This might indicate that BMI is one of the possible co-
factors of the olfactory dysfunction observed in OSAS
patients, even though it cannot be considered the only one.

Implications of observed results

The main objective of this study is to confirm the reduced
olfactory function of OSAS patients, an aspect so far dem-
onstrated only by isolated studies.

The sense of smell is a sensorineural system with a high
impact on the quality of life. Patients with olfactory loss
have a reduction in QOL with consequences that affect both
the emotional and psychological spheres and are related to
a greater propensity to fall into a depressive state. In OSA
patients, these aspects could be added to the neurocognitive
disorders typical of this disease, further worsening the qual-
ity of life of these patients.

Further studies to evaluate the aspects of olfactory dis-
function in OSA patients (e.g., quantifying odor-induced
changes in electrical activity at the level of the olfactory
epithelium by the electro-olfactogram and cortex using odor
event-related potentials) such as the possibilities of improv-
ing the sense of smell in OSA patients (e.g., by olfactory
training or drugs) are under way.

Limitations of the study

Nasal obstruction and/or chronic rhinosinusitis have not
been analyzed in this meta-analysis, because almost all the
selected studies failed to consider these aspects.

These conditions are frequently observed in OSA patients
(patients with oral breathing). In our opinion, theseOtolaryn-
gology, Head-Neck two factors should be considered among
the underlying mechanisms of OD in OSA patients.

Another limitation to consider is that not all the studies
included in this meta-analysis analyzed the differences in
the OD of the different OSA sub-classes (mild, moderate,
and severe according to the AHI values). In fact, in almost
all the studies, patients with mild and moderate OSAS were
considered as a single group. This did not allow us to evalu-
ate differences in olfactory function between patients with
mild OSAS and severe OSAS.
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Conclusion

The authors performed this meta-analysis study to iden-
tify and characterize olfactory dysfunction in sleep apnea
patients. OSA patients present lower values of olfactory
parameters, tested with the use of the Sniffin’ Sticks test,
when compared to healthy subjects. Despite the fact that
a linear correlation between AHI increase and olfactory
dysfunction emerged, there would seem to be no statis-
tical difference between mild—moderate and severe OSA
patients in terms of the severity of olfactory dysfunction.
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