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Abstract

Purpose Loss of smell decreases the quality of life and contributes to the failure in recognizing hazardous substances. Given
the relevance of olfaction in daily life, it is important to recognize an undiagnosed olfactory dysfunction to prevent these pos-
sible complications. Up to now, the prevalence of smell disorders in Italy is unknown due to a lack of epidemiological studies.
Hence, the primary aim of this study was to evaluate the prevalence of olfactory dysfunction in a sample of Italian adults.
Methods Six hundred and thirty-three participants (347 woman and 286 men; mean age 44.9 years, SD 17.3, age range
18-86) were recruited from 10 distinct Italian regions. Participants were recruited using a convenience sapling and were
divided into six different age groups: 18-29 years (N=157), 30-39 years (N=129), 40-49 years (N=99), 50-59 years
(N=106),> 60 years (N=142). Olfactory function, cognitive abilities, cognitive reserve, and depression were assessed,
respectively, with: Sniffin’ Sticks 16-item Odor Identification Test, Montreal Cognitive Assessment, Cognitive Reserve
Index, and the Beck Depression Inventory. Additionally, socio-demographic data, medical history, and health-related lifestyle
information were collected.

Results About 27% of participants showed an odor identification score < 12 indicating hyposmia. Multiple regression analysis
revealed that OI was significantly correlated with age, sex, and cognitive reserve index, and young women with high cogni-
tive reserve index showing the highest olfactory scores.

Conclusion This study provides data on the prevalence of olfactory dysfunction in different Italian regions.

Keywords Olfactory function - Smell - Sniffin” Sticks - Olfaction - Identification - Chemosensory system

Introduction participants with olfactory deficits showed impairments in

food intake, social life, cognitive function, and personal

Olfactory function plays a key role in human life [1] regulat-
ing food ingestion, emotional responses, social and repro-
ductive behavior [2]. Olfactory function decreases over the
lifespan [3—5] and approximately 5% of the general popula-
tion exhibits functional anosmia [6]. People with olfactory
disorders showed increased risk in food poisoning and cook-
ing, or heating gas injuries due to their inability to identify
spoiled food or to detect a gas leak [2, 7, 8]. For instance,
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hygiene with a negative impact in daily life [2, 9-11]. Loss
of olfactory function is closely linked to both mood and
affective disorders in younger and older adults [12]. On aver-
age, olfactory function in humans changes not only in rela-
tion to age [3-5], but also in relation to sex [13—16], cultural
differences in olfactory experience [17, 18], genetic factors
[19], infections [20], head trauma [12], and neurodegenera-
tive diseases [21-24], or emotional disorders [25].
Olfactory function in humans is often evaluated by odor
threshold which partly reflects the anatomy of the nasal cav-
ity [26], the expression of olfactory receptors in the nasal
epithelium [27] and the olfactory bulb volume [28, 29]. In
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contrast, odor identification and discrimination are more
strongly associated with cultural differences and involve
cognitive functions to a relatively larger degree [30]. In
addition, a positive correlation was found between cultural
and typical food odors, pleasantness, and identification of a
smell [31]. Hence, because of these experience-dependent
factors, odor identification tests have been adapted to differ-
ent countries in order to account for these cultural/regional
differences [32-37].

In Italy, to our knowledge, only few studies investigated
olfactory function in healthy subjects. In particular, Eiben-
stein and colleagues in 2005 [38], through the Sniffin’ Sticks
Screening test (Identification test with 12 items), assessed
the familiarity and identification of the 12 odors in Italian
normosmic subjects, while the Maremmani’s study [39]
assessed the validity and reliability of the Italian Olfactory
Identification Test (IOIT) [38, 39]. Later, Cantone and col-
leagues evaluated regional differences in the odor hedonic
perception of an odor, but only in the cities of Padua, Rome,
Naples and Siracusa, using the Sniffin’ Sticks Identification
test (16 items) [40].

Still, up to now, the exact prevalence of olfactory dys-
function in Italy remains unknown, and particularly its rela-
tion to different variables of interest, such as age, sex, cog-
nitive ability, cognitive reserve, and level of depression has
not fully explored.

Considering these findings, we aimed to perform a more
comprehensive investigation of olfactory function on a wider
sample of Italian subjects, focusing on the prevalence of
olfactory dysfunction in different Italian regions representa-
tive of the North, Centre and South of Italy. In addition, we
related these data with age, sex, cognitive ability, cognitive
reserve index, and depression level.

Methods
Participants

A total of 633 participants (347 women and 286 men)
were recruited from 10 different Italian regions (mean age
44.9 years, SD 17.3, age range 18-86, Fig. 1), namely: Sar-
dinia (N=93), Trentino (N=56), Lazio (N=139), Campa-
nia (N=52), Tuscany (N=94), Piedmont (N=061), Friuli-
Venezia Giulia (N=57), Sicily (N=40), Emilia-Romagna
(N=52), Veneto (N=_89). Participants were recruited using
a convenience sapling and were divided into six different
age groups: 18-29 years (N=157), 30-39 years (N=129),
4049 years (N=99), 50-59 years (N=106),> 60 (N=142).
The study was conducted simultaneously in the 10 Italian
regions from September 2018 to December 2019 in pre-
COVID-19 pandemic. The exclusion criteria were the fol-
lowing: history of neurologic disease (such as epilepsy, brain
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Fig. 1 Sample distribution in the Italian regions involved in the study

tumor, Parkinson's disease, Alzheimer disease), major head
injury, local respiratory tract factors such as active rhinitis
or sinusitis (allergic or infectious) at the moment of the test-
ing, and any cancer or treatment for cancer (chemotherapy
or head or neck radiation).

The demographic/clinical interview for each participant
included age, sex, employment, weight (kg), height (cm),
body mass index (BMI, calculated as ratio of height and
weight, expressed as kg/m?), current medications, and smok-
ing history.

Ethical standard

This study was performed in accordance with the Declara-
tion of Helsinki on Biomedical Studies for human subjects.
Informed written consent was obtained from all partici-
pants. The study design was approved by the Ethics Com-
mittee of the University Hospital of Cagliari (Prot. Number:
NP/2018/1630).

Procedures

Olfactory function, depression, cognitive reserve, and cogni-
tive function were evaluated, respectively, as follows: “Snif-
fin’ Sticks” 16-item odor Identification (OI) test (Burghart,
Wedel, Germany) [41-43], Beck Depression Inventory
(BDI), Cognitive Reserve Index (CRI) [44], Montreal Cog-
nitive Assessment (MoCA) [45]. All questionnaires and
examinations were performed for each participant in one ses-
sion in a well-ventilated room with little or no background
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odor. Exclusion criteria were age < 18 years, otolaryngology
disorders, severe renal dysfunction, neurodegenerative disor-
ders or other comorbidities influencing olfactory function, as
well as dementia and psychiatric conditions interfering with
the study participation.

Olfactory function was assessed with a standardized and
reliable OI (Burghart, Wedel, Germany) which consists
of 16 common odors presented together with four verbal
descriptors in a multiple forced-choice format (three dis-
tractors and one target). Updated normative data reported a
score in OI test was > 12 correct answers [43].

The cognitive status was screened through the Italian ver-
sion of the Montreal Cognitive Assessment (MoCA), which
measures cognitive abilities in different domains: attention
and concentration, executive functions, memory, language,
visual-constructional skills, conceptual thinking, calcula-
tions, and spatial orientation [45]. The total possible score
of the MoCA test was 30 and any score > 26 was considered
normal.

In addition, the cognitive reserve was quantified by using
the “Cognitive Reserve Index (CRI)” [44]. This self-reported
questionnaire quantifies the amount of cognitive reserve
acquired during a person’s lifetime. CRI conveys three main
sources: education, working activity, and leisure time activi-
ties. Each of these features (items) of an individual’s lifetime
is recorded as a sub-score.

The depression was evaluated by means of the Beck
Depression Inventory II (BDI II) [46], which is a self-
reported questionnaire with 21 items examining how par-
ticipants have been feeling during the last two weeks. Each
item was rated in increasing severity from O to 3. The overall
depression level was classified as minimal (=0-13), mild
(=14-19), moderate (=20-28), and severe depression
(=29-63) according to the sum of the item ratings. The total
experimental procedure required approximately 75-90 min.

Statistical analysis

A sample size calculation was performed to assess the
required minimum number of subjects to be enrolled in the
study. Based on previous studies using similar protocols [5,
21, 47, 48], a minimum number of about 450 total subjects
was considered adequate to detect investigated differences.
In fact, a power calculation, considering a critical effect
size f=0.20-0.25 (medium effect), with 95% power and a
5% significance level in a standard two-way ANOVA, sug-
gested a minimal required number of about 450 total sub-
jects, and a power calculation considering a critical effect
size f2=0.10—0.15 (medium effect), with 95% power, and a
5% significance level for each investigated factor in a multi-
ple linear regression model, suggested a required minimum
number of about 200 total subjects.

Data are presented as mean values + standard deviation
(SD). At first, between-subject one-way ANOVA with sex,
age, BDI, MoCA, and CRI as covariates was performed to
assess differences in the OI due to the region of origin for
each participant. The effect of age and gender on OI, MoCA,
CRI, and BDI was assessed by separate two-way ANOVAs.
For significant effects from ANOVAs, multiple pairwise
comparisons were performed with the Tukey’s (HSD) test
in the case of significant interactions, or with Bonferroni’s
corrected pairwise ¢ tests in all the other cases.

In addition, effect size estimations (Cohen’s d for any
significant pairwise comparison) were also reported in the
Results section where appropriate (a value of 0.2, 0.5 or 0.8
indicates a small, medium or large effect size, respectively).

To identify the more promising factors for the multi-
variate regression analyses, bivariate correlations between
the OI versus sex, age, MoCA, CRI, and BDI scores were
assessed using Pearson’s correlations (r). Furthermore, an
exploratory stepwise multivariate linear regression analysis
was performed to assess the potential contribution of each
significant correlated factor (such as age, sex, MoCA, CRI,
and BDI score) on OI. This stepwise method allowed us to
evaluate the predictive power of each independent variable
in a series of incremental models excluding the no signifi-
cant ones. In the multivariate linear regression analysis, the
OI scores were set as the dependent variable, while age, sex,
and CRI scores were independent variables (predictors). In
order to perform the multivariate linear regression analysis
using a stepwise selection. In model 1, were calculated the
correlation between Ol score with the independent variable,
age, then in model 2, were included the age and CRI. Finally,
in model 3, were added the age, the CRI score, and sex. Sta-
tistical analyses performed to assess the sample size were
carried out using the software GPower 3.1, while all other
statistical analyses were carried out by the SPSS software
version 22 for Windows (IBM, Armonk, N.Y., USA). The
significance level was set at p <0.05.

Results
Odor identification

The total sample was n=633 (347 women and 286 men)
with an age that ranged between 18 and 86 years. Descrip-
tive statistics were performed to establish age-related nor-
mative values based on the OI test in Italian population
(Table 1). In addition, descriptive characteristics of the
sample for each Italian region are provided in Table 2. In
our sample (Table 3), around 27% (n=172) of participants
showed an OI score lower than 12, thus indicating hypos-
mia [5, 43]. In detail (Table 3), the regions Tuscany and
Emilia-Romagna showed a high frequency (around 50%)
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Table 1 Normative values for the Odor identification (OI) Sniffin’
Sticks test scores

Total Men Women
Age group 18-29 years
N 157 69 88
Mean 13.10 12.83 13.31
SD 1.69 1.75 1.63
Minimum 7 7 10
Maximum 16 16 16
Percentiles
5 10 9 10
10 11 10 11
25 12 12 12
50 13 13 13
75 14 14 15
90 15 15 15.1
95 16 15 16
Age group 30-39 years
N 129 58 71
Mean 12.64 12.41 12.82
SD 2.26 2.34 2.19
Minimum 3 6 3
Maximum 16 15 16
Percentiles
5 8 7.95 8.2
10 10 8.9 11
25 12 10.75 12
50 13 13 13
75 14 14 14
90 15 15 15
95 15 15 16
Age group 4049 years
N 99 46 53
Mean 13 13.11 12.91
SD 1.95 1.79 2.10
Minimum 7 7 8
Maximum 16 16 16
Percentiles
5 9 9 8
10 10 11 10
25 12 12 12
50 13 13 14
75 14 14 14
90 15 15 15
95 16 16 16
Age group 50-59 years
N 106 47 59
Mean 12.70 12.06 13.20
SD 2.27 2.44 2.01
Minimum 6 6 6
Maximum 16 16 16
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Table 1 (continued)

Total Men Women

Percentiles

5 8 6.4 8

10 9 8.8 11

25 12 11 13

50 13 12 13

75 14 14 15

90 15 15 15

95 16 15.6 16

Age group > 60 years

N 142 66 76
Mean 10.82 10.74 10.88
SD 2.87 2.93 2.84
Minimum 1 1 3
Maximum 16 16 15
Percentiles

5 5.15 5 5.85

10 7 7 7

25 9 9 9

50 11 11 11

75 13 13 13

90 14 14 14

95 15 14.65 15

N number, SD standard deviation

of olfactory deficits, whereas Sardinia, Trentino, Piedmont,
and Friuli-Venezia Giulia exhibited a low frequency (around
15%) of OI impairment.

Differences between Italian regions

In Fig. 2 mean + SD of OI score in the ten Italian regions
were reported. We found a significant effect of the region
factor [F g 633y=10.11, p<0.0001, partial n?=0.127],
that was still present after controlling for covariates
such as sex, age, MoCA, CRI, and BDI [F(g’ 633)=6.51,
p<0.0001, partial ”=0.087]. The Tukey’s HSD post hoc
test revealed that scores found in Sardinia, the highest ones
(means + SD=13.43 +2.12), were significantly higher
than those in Lazio (means+SD=11.95+2.17, p=0.023,
Cohen’s d=0.69), Campania (means + SD=11.98+2.07,
p =0.009, Cohen’s d=0.69), Emilia-Romagna
(means+SD=11.13+1.97, p<0.0001, Cohen’s d=1.12)
and Tuscany, the lower ones (means + SD=11.004+3.53,
p <0.0001, Cohen’s d=0.83). Similar results to Sardinia
were found for Trentino (means+ SD=13.05+1.56)
and Friuli-Venezia Giulia (means +=SD=13.10+1.73),
with Piedmont (means+ SD=12.72+2.14), Sic-
ily (means + SD =12.47 +2.02), and Veneto
(means + SD=12.93 + 1.81) displaying intermediate values.
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Table 2 Descriptive statistics
for age in the total sample and

for each Italian region

Regions Number % Women Age
Mean SD Min Max

Tuscany 94 52.1% 48.3 19.2 23 84
Sardinia 93 64.5% 404 17.1 20 84
Veneto 89 52.8% 42.7 15.8 18 82
Piedmont 61 57.4% 46.6 17.7 19 83
Friuli-Venezia Giulia 57 54.4% 46.8 18.1 18 86
Trentino 56 62,5% 42.1 11.2 22 64
Campania 52 50.0% 47.2 18.1 20 85
Emilia-Romagna 52 46.2% 45.8 174 19 79
Sicily 40 47.5% 48.2 18.3 23 82
Lazio 39 53.8% 443 18.3 23 81
Total sample 633 54.8% 44.9 17.3 18 86

SD standard deviation, Min minimum, Max maximum

Table 3 Percentage of olfactory deficits (OI score < 12) for each Ital-

ian region

Ol score< 12

Effects of age and sex on Odor identification,
cognitive ability, cognitive reserve index
and depression

Regions Number Total % Ol < 12 L
As shown in Fig. 3A, both factors, the age group and sex, had
Total 172 633 27.2% a significant effect on Ol scores [age group: Fy ¢33,=23.50,
Tuscany 47 94 50.0% p<0.0001, partial n*=0.131; sex: F ¢33=4.65, p=0.032,
Emilia-Romagna 29 52 55.8% partial 2=0.007] but not their interaction [age group X sex:
Lazio 17 39 43.6% Fy, 633=1.29, p=0.273, partial 1#*=0.008]. Bonferroni’s
Veneto 17 89 19.1% pairwise comparisons revealed a significant reduction of the
Campania 16 52 30.8% olfactory identification in the older age group (> 60) com-
Sardinia 13 93 14.0% pared to all other age groups, in both men and women (from
Piedmont 9 61 14.8% p<0.001 to p<0.0001; Cohen’s d=0.87 for men 18-29
Sicilia 9 40 22.5% vs > 60; Cohen’s d=1.05 for women 18-29 vs > 60) (Fig. 3A
Trentino 8 56 14.3% for single points of statistical significance).
Friuli-Venezia Giulia 7 57 12.3%
164 #!If# ”f” . " wwns  HHEE paun ? #met
']' 'I' ke ke &
O 8-
0 Ll 1 T T T L) L) T 1
Sardinia Trentino Lazio Campania Tuscany Piedmont Friuli Sicily  Veneto  Emilia

Fig.2 Means+SD of olfactory identification (OI) in the ten Italian
regions. One-way ANOVA followed by Tukey’s multiple pairwise
comparisons. *p<0.05; **p<0.01; ***¥p<0.0001 versus Sardinia

HH

(the region with the higher OI score); #p <0.035, ##5 <0.0001 versus

Tuscany (the region with the lower OI score)
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Fig.3 Role of sex and age on the olfactory identification (OI) (A),
cognitive abilities (MoCA) (B), cognitive reserve index (CRI) (C)
and depression level (BDI) (D), respectively. Data are indicated
as means+SD. Two-way ANOVA followed by Bonferroni’s or
Tukey’s multiple pairwise comparisons. *p<0.05; ***p<0.001;
#4044 <0.0001  versus age group>60 women; “2p<0.01;
AMAL £0.001; 24445 <0.0001 versus age group>60 men; *p <0.05;
#h <0.001; 5 <0.0001 versus age group 18-29 women;
99) <0.001; %% <0.0001 versus age group>60 men; ¥p<0.01
women versus men

Two-way ANOVA also detected a significant effect
for the age group [age group: F4 433,=16.46, p<0.0001,
partial 7> =0.096], but not for the sex [sex: F 633=0.12,
p=0.733, partial #>=0.000] nor a significant interac-
tion [age group X sex: Fy ¢33,=0.83, p=0.988, partial
#*=0.000] in the MoCA test. Similarly, to data emerged
for the OI, a significant age-dependent cognitive decline
was observed both in men and women and along the age
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Table 4 Pearson’s correlations

Factor Pearson’s correlation (r) Signifi-
cance (p
value)

Ol 1.000 -

Age —0.326 p<0.01

MoCA 0.118 0.003

CRI 0.208 p<0.01

BDI 0.074 0.064

Bold indicates a significant level (p <0.01)

Ol olfactory identification, MoCA cognitive function, CRI cognitive
reserve, BDI depression level

groups. Accordingly, in Bonferroni’s pairwise comparisons
were found significant differences between the younger age
groups (i.e., groups from 18-29 to 40—49) and the older ones
(>60) in both sexes (from p <0.05 to p <0.0001; Cohen’s
d=0.78 for men 18-29 vs > 60; Cohen’s d=0.66 for women
18-29 vs > 60) (Fig. 3B for single statistical significances).

In the same vein, the age group [age group:
F4, 633y=22.23, p<0.0001, partial n?=0.125], but not
sex [sex: F(j ¢33, =0.13, p=0.714, partial n*=0.000],
was found to influence the cognitive reserve. Neverthe-
less, a significant interaction effect was detected [age
group X sex: Fy ¢33y=2.51, p=0.041, partial n*=0.016].
Accordingly, a similar trend between men and women in
the age groups from 18-29 to 40-49 was found. How-
ever, in the other two age groups (i.e., 50-59 and > 60)
significant sex-dependent differences were observed, in
particular in men the CRI score reached a plateau at age
group 50-59 staying stable in the successive > 60 age
group, while it was higher in women than men in the age
group 50-59, but lower in the age group > 60. Coherently,
Tukey’s HSD post hoc comparisons revealed significant
differences between age groups 18-29 and 40-49, 50-59,
and > 60, respectively, both in women and men (p values
from p <0.05 to p <0.0001; Cohen’s d=1.01 for men
18-29 vs > 60; Cohen’s d =0.64 for women 18-29 vs > 60)
(Fig. 3C for single statistical significances).

Finally, regarding the level of depression, we found a
significant effect of the sex [sex: F(; g33,=10.88, p<0.001,
partial 72=0.017], but not of age [age group: Fy 633=1.39,
p=0.236, partial 172=O.009], and nor of their interac-
tion [age group X sex: Fy ¢33 =2.11, p=0.078, partial
#*=0.013]. Moreover, Bonferroni's pairwise comparisons
showed that while in the age groups 18-29 to 50-59 men
and women exhibited very similar levels of depression, a
significant sex-dependent difference was observed for the
age group > 60 years (p <0.002, Cohen’s d=0.69) (Fig. 3D
for single statistical significances).
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Relation between odor identification and other
variables

To evaluate the associations between OI and each other fac-
tor (age, MoCA, CRI, and BDI level), bivariate correlations
were carried out (Table 4). Significant negative correlations
were found between OI with age (r=— 0.33, p<0.0001),
while significant positive correlations were found with
MoCA (r=0.12, p=0.003) and CRI (r=0.21, p <0.0001)
scores. Conversely, no significant correlation between OI
and the BDI score was observed, although the p value was
very close to the level of significance (p =0.064) (Table 4).

Multivariate linear regression analysis

Finally, to investigate the contribution of sex, age, BDI,
MoCA and CRI level on the OI score an exploratory step-
wise multivariate linear regression analysis was performed.
The OI was considered as the dependent variable, while
sex, age, MoCA, CRI, and BDI scores were used as predic-
tors. In model 1 a significant contribution of age emerged
(F(1,631y=74.89, p<0.0001) and the model explained around
10% of variance (R>=0.106). Instead, in model 2, a signifi-
cant effect was observed for age and CRI (F(, 39,=76.63,
p <0.0001) with an explanation of about 20% of variance
(R*=0.196). Finally, in model 3 a significant contribu-
tion was observed for sex, age and CRI (F (3 g9 =53.22,
p <0.0001). Model 3 explained about 20% of variance
(R*=0.202) (Table 5).

Table 5 Multiple linear regression analyses

Predictors B Std error  Beta t Signifi-
cance (p
value)

OlI (dependent variable)

Model 1
Age —0.045 0.005 -0326 -8.654 <0.0001
Model 2
Age —0.056 0.005 —-0403 -10929 <0.0001
CRI 0.034 0.004 0.309 8.376 <0.0001
Model 3
Age —0.056 0.005 —-0403 -10947 <0.0001
CRI 0.034 0.004 0.309 8.398 <0.0001
Sex —-0.399 0.172 -0.082 -2315 0.021

OI odor identification, CRI cognitive reserve inventory. Bold indi-
cates a significant level

Discussion

Compared to the few previous studies [38—40], the present
results provide new data on olfactory function in differ-
ent Italian regions. Our results clearly showed significant
differences between Italian regions in odor identification
scores. OI scores were higher in Sardinia compared to
Lazio, Campania, Emilia-Romagna, and Tuscany. The first
explanation of differences in OI scores may be associated
with environmental factors, pollution, agricultural and
cooking practices. Moreover, olfactory function may be
better trained in subjects living in natural environmental
conditions. OI abilities are related to various conditions
including environmental factors, previous experiences,
cultural practices, or dietary behavior [11, 49, 50]. Among
environmental factors, the exposure to chemical toxins and
air pollution may damage the olfactory system as reported
in previous studies [51-53]. In addition, temperature,
humidity, altitude, and air pollution may play a role in
olfactory function as indicated in a previous study [50].
The differences in odor identification abilities between
Italian regions may be also associated to socioeconomic
status, alcohol consumption, education level, and cogni-
tive abilities.

The pleasantness of an odor is related to past experiences
and memories [54] with familiar odors being more easily
identified compared to unfamiliar ones [31, 55, 56].

Moreover, our results confirmed that OI was correlated
to age, sex, and cognitive reserve index (CRI). In line to
many previous studies [4, 5, 48, 57] we found a significant
reduction in olfactory performance in relation to age increas-
ing. Several theories were proposed for this age-related
decrease in olfactory function, which may be related to a
reduced number of olfactory receptor neurons, along with
a decreased number of fibers in the olfactory bulb [28, 58],
changes at a cortical level, changes in the number and in
the width of the holes on the cribriform plate, or changes
in the mucus composition [57]. Smell sensory loss linked
to aging could impair overall health, autonomy, and quality
of life as well immunity and appetite contributing also to
the development of the so-called anorexia of aging [59, 60].
However, it is important to consider that an olfactory deficit
in older individuals is not an inevitable fate [42]. Indeed,
older people could show normal olfactory function, so the
phenomenon of an age-related impairment should be better
investigated, being possibly linked also to a neurodegenera-
tive process, or side effects of drugs [61, 62].
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Concerning sex differences in olfactory performance,
according to many previous studies [13, 16, 43, 63], our data
showed that women exhibited a better odor identification
ability than men. Possible explanations for sex differences
in olfactory performance were discussed in relation to the
female endocrine system and estrogen effects in odor percep-
tion [14, 16]. Interestingly, no major sex-related differences
were reported in the intranasal volume [64] or in the degree
of expression of olfactory receptors [65].

The present results showed a positive association between
olfactory function and cognitive reserve index. Previous
studies [66, 67] indicated correlations between cognitive
abilities and OI. In particular, Yahiaoui-Doktor and col-
leagues [67] showed that higher olfactory scores were asso-
ciated with better verbal abilities and semantic memory.
Larsson et al. [66] reported an association between age, sex,
cognitive speed, and verbal abilities versus odor identifi-
cation [30]. Indeed, OI task involves high-order cognitive
functions and during the olfactory identification process,
detection, discrimination, recognition and retrieval of an
odor name are requested [30, 68]. Hence, olfactory identi-
fication score could be used as a potential early biomarker
of mild cognitive impairment in clinical assessments, con-
sidering also that it is easy and quick to use without loss of
time [47, 69].

The main limitation of the study is the selective use of
OI, which represents only a segment of olfactory function.
To obtain a more complete evaluation of olfactory perfor-
mance future studies should investigate also other olfactory
domains, such as odor threshold and odor discrimination.

Conclusion

Our study provides data on the prevalence of olfactory dys-
function in a sample of Italian adults. About 27% partici-
pants showed hyposmia with an OI score < 12 and differ-
ences in OI scores were found among Italian regions. In
addition, there was a clear association between OI and age,
sex, and CRI with younger women with good CRI exhibit-
ing best scores.
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