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Abstract

In clinical practice, with its time constraints, a frequent conclusion is that asking about the ability
to smell may suffice to detect olfactory problems. To address this question systematically, 6049
subjects were asked about how well they can perceive odors, with 5 possible responses. Participants
presented at a University Department of Otorhinolaryngology, where olfactory testing was part of
the routine investigation performed in patients receiving surgery at the clinic (for various reasons).
According to an odor identification test, 1227 subjects had functional anosmia and 3113 were la-
beled with normosmia. Measures of laboratory test performance were used to assess the success
of self-estimates to capture the olfactory diagnosis. Ratings of the olfactory function as absent or
impaired provided the diagnosis of anosmia at a balanced accuracy of 79%, whereas ratings of
good or excellent indicated normosmia at a balanced accuracy of 64.6%.The number of incorrect
judgments of anosmia increased with age, whereas false negative self-estimates of normosmia
became rarer with increasing age. The subject’s sex was irrelevant in this context. Thus, when
asking the question “How well can you smell odors?” and querying standardized responses, fairly
accurate information can be obtained about whether or not the subject can smell. However, this
has to be completed with the almost 30% (355 subjects) of anosmic patients who judged their
ability to smell as at least “average.” Thus, olfactory testing using reliable and validated tests ap-
pears indispensable.
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Introduction is that most participants in their studies/patients are aware of their

Olfactory testing has entered clinical practice more broadly during the ability to smell. In clinical practice, with its time constraints, a frequent

last 2 decades. However, it is achieved with costly tests that require con- conclusion is that asking about the ability to smell may suffice to detect

siderable time for their application. This triggers an interest in the pa- olfactory problems. This raises the more scientific question whether this

tients’ self-rating of olfactory function. It is undoubtedly important at is true and an olfactory test could be replaced by a simple question.
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the stage where patients decide to consult medical professionals. Hence,
a perception of researchers and physicians involved in olfactory testing
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Indeed, self-ratings were reported to correlate with measured ol-

factory function to a statistically significant degree (Welge-Luessen
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et al. 2005; Nguyen et al. 2012). However, a clinical usefulness of
olfactory self-estimates has often been doubted. Positive reports
were contrasted with reports about a lack of correlation between
self-ratings of olfactory abilities and measured olfactory function
(Landis et al. 2003). Moreover, repeated reports point at a con-
siderable prevalence of unawareness of absent olfactory function
and seems to become more prevalent with increasing age (Nordin
et al. 1995; Shu et al. 2009; Oleszkiewicz et al. 2018). Specifically,
although anosmia is frequent with an estimated prevalence in the
average population of 10-20% (Dong et al. 2017; Hummel et al.
2017), asking about the function of the sense of smell indicated that
the awareness of olfactory loss varies. It can be completely absent
as in a study where 0.45% of the participants were anosmic but all
had maintained that their sense of smell is intact (Oleszkiewicz et al.
2018) or even turn toward exaggeration as in a study where 9% of
the participants had rated their sense of smell to be impaired, al-
though only 4% scored in the dysfunctional range when tested with
the Sniffin’ Sticks battery (Oleszkiewicz et al. 2019).

In the present study, a large cohort of subjects with a high preva-
lence of anosmia was analyzed. Subjects had been asked about the
function of their sense of smell, to which 5 different standardized
responses were possible, and subsequently they were tested with an
established olfactory test (Hummel et al. 2001). The success of self-
estimates in establishing the olfactory diagnosis was analyzed using
classical performance measures of laboratory tests, which was a
focus on the optimum response scenario that most accurately agreed
with the clinical diagnosis.

Materials and Methods

Subjects and olfactory testing
The study followed the Declaration of Helsinki and was approved by
the Ethics Committee of the Faculty of Medicine of the TU Dresden
(number EK251112006) covering anonymized retrospective and
pooled analyses. Informed written consent was obtained from all
subjects or their caretakers. Subjects (age: range 3-105 years, mean
+ standard deviation: 45 + 17 years; sex: 3813 men, 2236 women)
had presented at the Department of Otorhinolaryngology, Dept. of
ORL, TU Dresden, Germany. Olfactory testing was part of the rou-
tine investigation of the sense of smell which was performed in pa-
tients receiving surgery at the clinic (for various reasons). Subjects
were also asked for the possible etiology associated with their per-
ception of a reduced olfactory performance that caused them to seek
medical help.

Subjects were asked to estimate their ability to smell odors at
a 5-point rating scale. Specifically, they were asked the question of
“How well can you smell?” and had to choose one of the possible
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answers among “not at all,” “impaired,” “average,” “good,” and
“very good.” Subsequently, olfactory function was assessed using
the 12-item odor identification (Hummel et al. 2001) test battery
(Burghart). The test is composed of felt-tip pens filled with solutions
of odors. For olfactory stimulation, the pens are placed, with the cap
removed, for approximately 3 s at 1-2 cm beneath each nostril. The
test set comprises 12 pens containing different odors, which for as-
sessment of the subject’s odor identification performance had to be
recognized in a 4-alternative forced-choice task with presentation of
a list of 4 possible descriptors for each pen.

The test was started with a randomly chosen nostril and at an
interval of approximately 20 s, it was repeated for the contralat-
eral nostril. Presentation of odors was guided by a specially designed
software (Hummel et al. 2012) reducing possible errors during the

testing procedure. For the purpose of this study, the so-called “best-
performing nostril” approach was used (Betchen and Doty 1998;
Frasnelli et al. 2002). Lack of olfactory function, that is, functional
anosmia (further termed “anosmia”) was indicated when only 0-6
odors were correctly recognized. Reduced but still present olfactory
function, that is, hyposmia, was assumed when 7-9 odors were cor-
rectly identified, and from 10 correctly identified odors, normal ol-
factory function, that is, normosmia, was assumed.

Data analysis

Data were analyzed using the R software package (version 3.5.2
for Linux; http:/CRAN.R-project.org/; R Development Core Team
2008) on an Intel Core i7 - 7500U notebook computer running on
Ubuntu Linux 18.04.1 64 bit. Self-estimates of the olfactory func-
tion were transformed into an ordinal scale with numbers from
0 to 4 (question: “How well can you smell?,” answer: 0 = “not at
all,” 1 = “impaired,” 2 = “average,” 3 = “good,” 4 = “very good”).
Subsequent analyses assessed how this self-estimated olfactory per-
formance score related to the result of the odor identification test,
expressed as the maximum number of correctly identified odors
across either nostril.

First, the observed identification scores were compared between
the self-estimated scores by means of y? tests (Pearson 1900) for the
number of subjects observed with particular identification scores
and Kruskal-Wallis tests (Kruskal and Wallis 1952) followed by post
hoc Dunn’s tests (Dunn 1961) for the identification scores. The alpha
level was set at 0.05 and corrected for multiple testing according
to Bonferroni (Bonferroni 1936). The latter calculations were per-
formed using the R library “dunn.test” (https://CRAN.R-project.
org/package=dunn.test; Dinno 2017). Second, to test how well
self-estimation predicted the overall olfactory diagnosis, standard
measures of test performance (Altman and Bland 1994a) were calcu-
lated. Specifically, test sensitivity was calculated as “sensitivity = true
positives/(true positives + false negatives)” and test specificity was
calculated as “specificity = true negatives/(true negatives + false posi-
tives)” (Altman and Bland 1994b), For the olfactory diagnosis an-
osmia or normosmia, all possible cutoffs of self-estimates (i.e., 0,
<1, €2, <3, and <4 or >0, >1, >2, >3, and 4) were assessed in an
exhaustive search for the optimum cutoff for the olfactory diagnosis
set at the maximum of the product of sensitivity and specificity. The
balanced accuracy was calculated as the mean of sensitivity and
specificity (Brodersen et al. 2010). Furthermore, Cohen’s k (Cohen
1960) was calculated as previously applied to judge the perform-
ance of a proposed short olfactory test (Hummel et al. 2010). Third,
using the cutoffs identified in the second analytical step, correct and
incorrect self-estimates of anosmia or normosmia were defined and
their relation with age or sex was explored using correlation ana-
lyses (Spearman’s p (Spearman 1904)) or %? statistics (Pearson 1900),
respectively. Fourth, to test how self-estimation, scaled [0,...,4], pre-
dicted the odor identification scores, scaled [0,...,12], the positive
predictive values (PPVs) were calculated as “PPV [%] = 100 - true
positive/(true negative + false negative)” for each self-estimate score
versus the identification test score.

Results

Among the n = 6050 subjects, according to the odor identification
test limits 77 = 1227 were diagnosed with anosmia (20.3%), whereas
among the 7 = 4823 subjects with present olfactory function,
n = 3113 could be labeled as normosmia (51.45%). The distribu-
tion of subjects who rated their ability whether they can smell an
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odor as “not at all,” “impaired,” “average,” “good,” or “very good”
was 7 = 526,2318,1781, 974, and 451 cases, respectively. The odor
identification scores acquired with the olfactory test ranged between
0 and 12 correctly recognized odors (Figure 1).

General associations between self-estimates and
olfactory test results

Subjects who had rated their olfactory performance better had more
often also higher olfactory identification scores (y*> = 2919.4, degree
of freedom [df] = 48, P < 2.2 - 107'). This corresponded to the sig-
nificant differences in the odor identification scores among groups
of subjects with a similar self-estimation of their olfactory perform-
ance (Kruskal-Wallis x> = 1755.82, df = 4, P < 2.2 - 107'%). Post hoc
Dunn’s tests indicated that all possible paired differences were statis-
tically significant (Table 1).

QOdor identification score

o

Performance of self-ratings in establishing an

olfactory diagnosis

A total of n = 480 subjects (39.1% of all anosmic subjects) cor-
rectly judged their olfactory function as absent, and when adding the
n = 392 subjects who estimated their sense of smell as “impaired,”
71.1% of anosmic patients seemed to be aware that their sense
of smell is not functioning. Indeed, setting a cutoff at the answer
of not better than “impaired” provided the best overall perform-
ance (Figure 2A), detecting anosmia at sensitivity and specificity of
71.1% and 87%, respectively, and at a balanced accuracy of 79%.
The value of Cohen’s k was 0.54. However, 355 patients diagnosed
with anosmia (28.9%) had estimated their ability to smell odors
as “average” or better. Identifying normosmia was less successful,
that is, 7 = 337 subjects (10.1% of all normosmic subjects) correctly
judged their olfactory function as “very good,” and when adding
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Figure 1. Distribution and frequency of the subjects’ self-estimated score of their olfactory acuity for the odor identifications score or derived diagnosis obtained
with a standard olfactory test. (A) Mosaic plot representing a contingency table of the self-ratings (question: “How well can you smell?,” answer: 0 = “not at all,”
1= "impaired,” 2 = “average,’ 3 = "good,” 4 = “very good”) versus odor identification test results. The size of the cells as proportional to the number of subjects
included. (B) Box and whisker plots of the odor identification test score results, separately for each group of subjects sharing the same self-estimate of the olfac-
tory acuity. They have been constructed using the minimum, quartiles, median (solid black red line within the box), and the maximum values.The whiskers add
1.5 times the interquartile range (IQR) to the 75th percentile or subtract 1.5 times the IQR from the 25th percentile and are expected to include 99.3% of the data
if normally distributed. (C) Histogram showing the distribution (count) of the odor identification test scores. (D) Histogram showing the distribution (count) of
the self-estimates of the subjects’ olfactory performance.The plot has been created using the R software package (version 3.5.2 for Linux; http:/CRAN.R-project.

org/; R Development Core Team 2008).

¥20z Iudy 2| uo 1senb Aq Z60881G/.GE/9/vF/eIoIe/esWayd/woo dnoolwspeoe//:sdiy wolj pepeojumoq


http://CRAN.R-project.org/
http://CRAN.R-project.org/

360 Chemical Senses, 2019, Vol. 44, No. 6

Table 1. The observed identification scores were compared between the self-estimated scores by means of y? tests (Pearson 1900) for the
number of subjects observed with particular identification scores and Kruskal-Wallis tests (Kruskal and Wallis 1952) followed by post hoc
Dunn'’s tests (Dunn 1961) for the identification scores

Self-estimate “not at all” “impaired” “average” “good”
“impaired” -14.95(P < 0.0001)

“average” -30.28(P < 0.0001) -17.4(P < 0.0001)

“good” -35.84(P < 0.0001) -24.14(P < 0.0001) -7.25(P < 0.0001)

The alpha level was set at 0.05 and corrected for multiple testing according to Bonferroni (Bonferroni 1936). The latter calculations were performed using
the R library. Olfactory functions were transformed into numbers from 0 to 4 (question: “How well can you smell?,” answer: 0 = “not at all,” 1 = “impaired,”
2 = “average,” 3 = “good,” 4 = “very good”). Subsequent analyses assessed how this self-estimated olfactory performance score related to the result of the odor
identification.
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Figure 2. Matrix heat plots of the PPVs provided by the subjects’ self-estimated score of their olfactory acuity (question: “How well can you smell?,” answer:
0="notatall” 1="impaired,” 2= "average,” 3= "good,” 4 = “very good”) for the odor identifications score or derived diagnosis obtained with a standard olfac-
tory test. The cells are equally sized and display the PPV in black numbers. Below the values of the PPV in black numbers, the number of subjects associated with
each cell is given in green numbers.The color code ranges from light yellow indicating low PPV to red indicating high PPV. (A) PPV of the self-estimated scores
for the olfactory diagnosis of functional anosmia (top), present olfactory function (middle), or normosmia (bottom). (B) Performance of different iterations of
the self-estimation of olfactory function for the olfactory diagnosis. The criterion was the product of sensitivity and specificity to detect anosmia or normosmia.
(C) Contingency table of the self-estimated olfactory score versus the olfactory identification test score. The PPV has been calculated for an odor identification
test score smaller than or equal to the number given at the right of each line, that is, an ascending sequence from 0 to 12. The plot has been drawn using the
“heatmap.2” function of the R library “gplots” (Warnes G. R.; https://cran.r-project.org/web/packages/gplots/index.html) and the R software package (version
3.5.2 for Linux; http://CRAN.R-project.org/; R Development Core Team 2008).
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the 7 = 1528 subjects who estimated their sense of smell as “good,”
59.9% of normosmic patients had indicated satisfaction with their
sense of smell (Figure 2B). Here, the best sensitivity and specificity
of 59.9% and 69.2% were obtained when regarding responses of at
least “good” ability to smell as indication of normosmia, which was
then correctly estimated at a balanced accuracy of only 64.6%. The
value of Cohen’s k¥ was 0.29. Only 7z = 9 subjects who had normal
olfactory function had indicated that they cannot smell at all.

Age and sex effects on the correctness of olfactory
self-estimates

Using a cutoff of at most “impaired” olfactory function for assign-
ment of anosmia and of at least “good” olfactory function for the as-
signment of normosmia and analyzing how many ratings, in percent
and per year of age, had been incorrect, regardless of false positive
or false negative olfactory diagnoses, the fraction of false diagnoses
of anosmia increased with age (Figure 3A; Spearman’s p = 0.48,
P =1.31 - 10°). This was also observed when analyzing only false
negative self-estimates (Figure 3C; p = 0.47, P = 2.69 - 10°). With
normosmia, the effect of age was oppositely directed. Although false
self-estimates of normal olfactory function were not significantly
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correlated with age (Figure 3B), false negative estimates significantly
decreased with increasing age (Figure 3D; p = 0.57, P = 3.35 - 107).
The subject’s sex had no effect on the error rate of the self-estimates
of poor olfactory function (> test: sex versus false anosmia: y’=
0.76, df = 1, P = 0.3827), whereas men were more often incorrect
when it came to a judgment of good olfactory function (y? test: sex
versus false normosmia: x> = 5.2305, df = 1, P = 0.02219).

Ability to estimate the olfactory test score

When aiming at the olfactory diagnosis rather than at the odor iden-
tification test score, the cutoff estimated in earlier analytical steps
provided a PPV of 58.1% for anosmia, that is, when the subject
had estimated the performance to smell not better than “impaired”
(Figure 2C). For identifying normosmia with self-estimates that
the olfactory function was at least “average,” the PPV was 67.4%
(Figure 2A). Better and high self-estimates provided higher PPVs
for better test results (Figure 2B). Of note, subjects who had rated
their olfactory acuity as “very good” seemed to be less successful in
judging their sense of smell as the PPV dropped from those found
when the olfactory performance had been rated only as “good.”
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Figure 3. Relationship of the incorrect self-estimates of olfactory function with the subject’s age. The dotplots show the percentages of incorrect self-estimates
for each year of age. The upper 2 panels show the false positive or false negative self-estimates of (A) anosmia and (B) normosmia. The lower 2 panels show
false negative self-estimates of (C) anosmia and (D) normosmia. The size of the dots is proportional to the number of subjects at the respective age. The lines
have been obtained using robust linear regression and are aimed at visual enhancement of the age tendency of the false self-estimates of olfactory function.The
plot has been created using the R software package (version 3.5.2 for Linux; http://CRAN.R-project.org/; R Development Core Team 2008) and the library “MASS”

(https://cran.r-project.org/package=MASS; Venables and Ripley 2002).
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Discussion

When asking the question “How well can you smell odors?” and
querying standardized responses such as the presently proposed 5
possible estimates, roughly 80% accurate information (balanced ac-
curacy) about whether or not the subject can smell at all can be
obtained. Moreover, absence (anosmia) or presence of olfactory
function can be detected at positive predictive values of >58%.
However, this has to be completed with the finding that almost 30%
(n=355) of the 7 = 1227 anosmic patients had judged their ability to
smell as at least “average.” Thus, although the idea to ask the patient
about olfactory function seems attractive as promising a diagnosis
without applying a cost- and time-intensive special test, it can at best
provide a rough diagnosis on which cannot be relied. Moreover, for
scientific purposes, estimating the olfactory acuity provides impre-
cise information about the sense of smell. Thus, although the figures
apparently supported the usefulness of asking about olfaction, as
suggested by the good accuracy and high PPV, the considerable frac-
tion of patients who were completely unaware of the absence of their
olfactory function disqualifies asking about olfaction as a clinical
alternative to testing it.

The unawareness of absent sense of smell has been discussed
previously. For example, a study in 83 subjects suggested that
there is no significant correlation between self-ratings of olfactory
abilities and measured olfactory function (Landis et al. 2003). In
fact, self-ratings of olfactory function were shown to be strongly
confounded by nasal patency. In a study on 9139 healthy subjects
(Oleszkiewicz et al. 2018), 0.45% of the subjects tested anosmic,
although they maintained that their sense of smell was normal.
This phenomenon was most prevalent from age 70 years upwards.
In a similar vein of thoughts, it was found that in a group of 162
healthy young volunteers (age 18-35 years), 9% rated their sense
of smell to be impaired, although only 4% scored in the dysfunc-
tional range when tested with the Sniffin’ Sticks battery; in the
group of 435 people older than 55 years, 12% stated that their
sense of smell was dysfunctional, although 36% scored in the
hyposmic or anosmic range (Shu et al. 2009). Similar findings of a
dissociation between rated and measured olfactory function have
been observed previously (Nordin et al. 1995) when 77% of older
subjects with smell loss reported normal smell sensitivity. When
looking at larger epidemiological studies, this is also reflected in
the generally lower prevalence of self-reported olfactory dysfunc-
tion (Hoffman et al. 1998; Murphy et al. 2002; Nordin et al. 2004)
compared with that of measured olfactory dysfunction (Murphy
et al. 2002; Vennemann et al. 2008).

This picture is different when it is about patients with smell loss.
For example, a moderate correlation (r = 0.57) between self-rated
and measured olfactory function was reported in 152 patients who
recognized their olfactory deficit (Welge-Luessen et al. 2005); com-
pare (Haxel et al. 2012). Still, in this study, 10 of 78 anosmic patients
(12%) reported the presence of olfactory function. The frequency of
unawareness of olfactory dysfunction was only 8% in sinusitis pa-
tients, much lower than the 77% in normal elderly subjects (Nordin
etal. 1995). A different example comes from patients with idiopathic
Parkinson’s disease, more than 95% of whom are hyposmic at onset
of the motor symptoms (Haehner et al. 2009). In this group, 14 of 37
hyposmic patients (38%) reported a normal sense of smell (Miiller
et al. 2002).

The present diagnosis of normosmia relied on the 12-item iden-
tification test (Hummel et al. 2001). Although this is an established
olfactory test developed to simplify olfactory testing in clinical prac-
tice, it has been repeatedly discussed that a more complete olfactory

test covering the olfactory threshold and the ability to discriminate
odors provides additional information about a subject’s sense of
smell that improves the diagnosis of olfactory function (Lotsch et al.
2008; Lotsch and Hummel 2019). Therefore, basing the olfactory
diagnosis only on identification could have caused false negative re-
sults, that is, some of the 7 = 355 subjects seemingly unaware that
they cannot smell might have had at least residual olfactory function
that could have been detected with a more comprehensive test bat-
tery. To explore this possibility, data of 10 713 subjects available
from a recent report (Lotsch and Hummel 2019) were checked for
the number of false diagnoses of anosmia when basing the diagnosis
only on odor identification as compared with the diagnoses based
on odor identification, discrimination, and olfactory threshold tests.
Specifically, in the more comprehensive test, the olfactory diagnosis
is made from sum scores of threshold, discrimination, and identifi-
cation subtests, with values <16 indicating anosmia, values >30.5 in
males and >29.5 in females indicating normosmia (Hummel et al.
2007). The limit in the performance in the 16-item odor identifica-
tion test which separates hyposmia from anosmia was reported at
a score of 8 (Kobal et al. 2000). In the reported cohort (Lotsch and
Hummel 2019), 7 = 3662 subjects had the olfactory diagnosis of an-
osmia, which corresponds to 34.3% of the study cohort. However,
using odor identification alone produced only 62 false negative diag-
noses of anosmia but 2077 false positive diagnoses and found a total
of n = 5677 subjects as being anosmic corresponding to 53% of the
cohort. Thus, that cohort odor identification alone overestimated the
number of anosmic subjects by 18.8%. Taking this back to the pre-
sent, 7 = 355 subjects who indicated that they can smell but were
tested as anosmic, 67 of them might indeed have been able to smell,
responded to the question about how well they can smell odors
with a positive answer but performed poorly in the odor identifica-
tion test. Still, following this hypothetical correction present results
would indicate that 24.8% of subjects with anosmia are unaware of
it and provide an incorrect self-estimate of their olfactory function.
A further possible limitation of the present method to establish
the olfactory diagnosis is the use of the 12-item short test (Hummel
et al. 2001) in contrast to the 16-item odor identification subtest
included in the Sniffn” Sticks test battery (Oleszkiewicz et al. 2018).
A substantial impact of the reduction of the number of identification
items from d = 16 to d = 12 odors would contradict the positive judg-
ment of the test reported to differentiate anosmics, hyposmics, and
normosmics at P < 0.001 (Hummel et al. 2001). To assess whether
indeed the reduction of the number of odors to be identified com-
promises the detection of anosmic subjects, a further data set, com-
prising 7 = 4118 subjects, in whom the complete Sniffn’ Sticks test
battery, including the 16-item odor identification test, had been per-
formed was analyzed. According to the complete threshold discrim-
ination identification score, 7 = 1667 patients had anosmia, whereas
n = 770 subjects had normal olfactory function. When using the sum
of the 16 identification test items and the limit of d = 8 correctly
identified odors for the diagnosis of anosmia, the 16-item test pro-
vided a balanced accuracy of 72.3% to detect anosmia, with a value
of Cohen’s k of 0.39. Surprisingly, when using only the sum of the 12
odors also included in the 12-item identification test (Hummel et al.
2001) for the diagnosis, a balanced accuracy of 83.4% and a value
of Cohen’s k of 0.63 were obtained for the detection of anomia.
Thus, in contrast to the use of only an odor identification test ra-
ther than the more complete test battery of olfactory threshold, odor
discrimination, and identification, which reduced the accuracy of
the olfactory diagnosis, the use of d = 12 instead of d = 16 items
seems unlikely to have introduced a significant fraction of error in
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the present comparison of self-estimates of olfactory function with
olfactory test results. The reason why the 12-item test performed
better than the 16-item test is not a subject of the present analysis;
it may point at the necessity of a revision of diagnostic limits in the
tests. Although the 16-item test is part of the more comprehensive
Sniffn’ Stick test battery, which bases the diagnosis of the sum of the
performance in 3 subtests, the 12-item test had been optimized for
providing a diagnosis based on odor identification. For the present
analysis, this means that the preference for the stand-alone 12-item
test to the use of the 16-item subtest of a more complete battery
proved suitable. Of course, when judging a positive self-estimate of
the ability to smell, the olfactory function should be assessed with
the most sensitive test to be sure of a negative test result contra-
dicting the self-estimate. Therefore, the use of a rather quick test in
the present study may occasionally have underestimated a subject’s
ability to smell. The numerical consequences have been elaborated
above; however, it may be worthwhile to note this again as a limita-
tion of a generalization of the present results.

Finally, although when compared with the 12-item olfactory
test, the self-estimates of olfactory function seemed to be imprecise,
when compared with an earlier proposed short olfactory test based
on the identification of 3 odors (Hummel et al. 2010), the poor judg-
ment may partly be revised. Specifically, in a 3-item test using odors
coffee,” and “rose,” anosmia had been identified by 0 cor-
rect identifications at a test sensitivity and specificity of 66% and

2

“cloves,

96%, respectively, with Cohen’s k¥ = 0.655. When using a score of
1 correct identification, sensitivity and specificity to detect anosmia
had been reported to be of 84% and 78%, respectively. For com-
parison, the present analysis indicated sensitivity and specificity of
71.1% and 87%, respectively, to detect anosmia via self-estimate
with Cohen’s ¥ = 0.54. Moreover, one has to keep in mind that in case
of rare instances, the so-called zeroR assignment works apparently
well. For example, anosmia has been reported with a prevalence of
22.3% among US black older adults and of 10.4% among US white
older adults (Dong et al. 2017). When encoding anosmia with “1”
and preserved olfactory function with “0,” and just assigning “0”
to every case, that is, zeroR or “zero rules,” accuracies of 76.8% or
88.9% to “diagnose” anosmia in blacks or whites, respectively, are
obtained. Balanced accuracy would be more adequate as used in the
present analysis; however, accuracy seems more intuitive, which pro-
vides a possible explanation of the clinical perception suggesting that
just asking about olfactory function suffices in most cases. Of note,
in the present cohort, zeroR for anosmia would provide an accuracy
of 79%. This apparent good result emphasizes that the correctness
of a diagnosis needs to be judged more carefully rather than relied
upon perceptions. It has also to be noted that parts of the present
analysis used techniques of machine learning, such as the identifi-
cation of the cutoffs for olfactory diagnosis, which was performed
analogous to the creation of a rule-based classifier. However, as this
analysis was exploratory and descriptive, stricter measures against
overfitting as described elsewhere (Lotsch and Hummel 2019) had
not been implemented.

Some recent publications about the same topic draw more posi-
tive conclusions about the accuracy of olfactory self-ratings. For ex-
ample, pursuing the question about whether conversion to dementia
can be predicted by self-reported olfactory impairment in 1529 par-
ticipants with initially normal cognitive function and followed-up
for 10 years (Stanciu et al. 2014), ratings of olfactory sensitivity as
“worse than normal” were associated with conversion to dementia.
This is not contradicted by the present results that do not imply that
self-ratings of olfactory function may not be useful in other context

than the replacement of careful olfactory testing. From the same
cohort, a further analysis again supported that self-ratings provide
additional information to olfactory testing to predict future mor-
bidity of dementia (Ekstrom et al. 2017), which was emphasized in a
further analysis of that cohort (Ekstrom et al. 2019). Although these
results take a positive view on a utility of self-estimates of olfactory
function in addition to olfactory testing, they do not address expli-
citly the agreement between both, which is the aim of the present
report, and that in turn is not intended to generally dispute a utility
of asking a subject about the olfactory function.

In conclusion, a major portion of patients reports their ol-
factory function correctly. However, because on one end of the
spectrum at least one-quarter of patients with anosmia seems
to be unaware of it and on the other end of the spectrum more
than one-third of patients indicating olfactory loss score in the
normosmic range, olfactory testing using reliable and validated
tests is indispensable. This applies to more comprehensive olfac-
tory tests, whereas a discussion of very short tests of olfactory
function suggested that their utility may become subject to future
reassessments when directly compared with self-estimates rather
than with the full olfactory tests.
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