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Abstract

The aim of the present study was to investigate the test—retest reliability of the olfactory detection threshold subtest of the Sniffin’
Sticks test battery, if administered repeatedly on 4 time points. The detection threshold test was repeatedly conducted in 64
healthy subjects. On the first testing session, the threshold test was accomplished 3 times (7; = 0 min, T, = 35 min, and T3 = 105
min), representing a short-term testing. A fourth threshold test was conducted on a second testing session (T, = 35.1 days after
the first testing session), representing a long-term testing. The average scores for olfactory detection threshold for n-butanol did
not differ significantly across the 4 points of time. The test-retest reliability (Pearson’s r) between the 4 time points of threshold
testing were in a range of 0.43-0.85 (P < 0.01). These results support the notion that the olfactory detection threshold test is
a highly reliable method for repeated olfactory testing, even if the test is repeated more than once per day and over a long-term
period. It is concluded that the olfactory detection threshold test of the Sniffin’ Sticks is suitable for repeated testing during

experimental or clinical studies.
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Introduction

Olfactory testing is very important in clinical testing for oto-
rhinolaryngologic and neurological disorders as well as in
olfactory research. Although a number of olfactory tests
have been described in the literature (for review, see Doty
et al. 1995; Doty 2007), only a few are currently commer-
cially available. Among the available tests are the University
of Pennsylvania Smell Identification Test (Doty, Shaman,
and Dann 1984; Doty, Shaman, Kimmelman, and Dann
1984) and its briefer versions (e.g., the Brief Smell Identifi-
cation Test), which are tests of olfactory identification. The
Connecticut Chemosensory Clinical Research Center test
(Cain et al. 1988) and the Combined Olfactory Test (Robson
et al. 1996) are tests which pair an odor threshold component
with an odor identification component and the European Test
of Olfactory Capabilities (Thomas-Danguin et al. 2003) com-
bines a suprathreshold detection task with an identification
task. The Sniffin’ Sticks, introduced by Kobal et al. (1996)
and Hummel et al. (1997), are a well-established test battery
for combined testing of olfactory function (threshold, dis-

crimination, and identification) using pen-like devices for
odor presentation. The threshold component of the Sniffin’
Sticks test—the measure evaluated in this study—assesses
the sensitivity of the subjects to the odorant n-butanol.

The validity of an olfactory test depends upon its reliabil-
ity, which is commonly measured by correlating scores of
a test administered to the same subjects on 2 occasions.
Doty et al. (1995) performed a comparison between 10 tests
of olfactory function administered on 2 points of time. They
found correlation coefficients in a range of 0.43-0.90. Espe-
cially, the reliability coefficient for the detection threshold
for n-butanol in 57 subjects reported by Doty et al. (1995)
was 0.49. This is similar to the results of another study in
which the correlation between 1-butanol thresholds deter-
mined for the left and right nostril (which was used as a
reliability estimate) was in a range of 0.30 < r3; < 0.68
(Cain and Gent 1991). In a different study (Punter 1983),
a correlation coefficient for repeated n-butanol threshold
testing of r,g = 0.73 was found. However, only limited data
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are available on the test-retest reliability of the Sniffin’ Sticks
test battery. Kobal et al. (1996) performed only one repeti-
tion of the odor identification test of the Sniffin’ Sticks in
a relative small group of subjects (24 subjects). Hummel et al.
(1997) performed one repetition of all 3 subtests of the Snif-
fin’ Sticks in 104 volunteers. The mean interval between test
and retest was 10 days (standard deviation [SD] 11 days).
They found that the correlation coefficient of the threshold
test was 0.61. Additionally, they demonstrated that there was
no significant difference of the olfactory detection threshold
on 7 occasions (over a period of 4 months), but this was ob-
served in only 6 subjects. The correlation coefficients of these
measurements were not reported.

In practice, the Sniffin’ Sticks olfactory detection threshold
test is conducted repeatedly (Damm et al. 2003; Hummel et al.
2005), even within a day (Kirchner et al. 2004; Muttray et al.
2004; Pollatos, Kopietz, et al. 2007) without existing extensive
data about its test-retest reliability. Consequently, the aims of
the present study were to investigate the short-term and long-
term reproducibility of the olfactory detection threshold sub-
test of the Sniffin’ Sticks test battery and in doing so to expand
knowledge about its test-retest reliability. Results of a previ-
ous study point to a correlation between olfactory sensitivity
in subjects with depressive symptoms (Pollatos, Albrecht,
et al. 2007). Therefore, it was ascertained that the subjects
did not suffer from depressive symptoms. Although in a pre-
vious study (Albrecht J, Schreder T, Kleemann AM, Schopf V,
Kopietz R, Anzinger A, Demmel M, Linn J, Kettenmann B,
Wiesmann M, unpublished data) we were not able to show
a relation between the state of satiety and olfactory sensitiv-
ity to n-butanol, a possible relationship has been suggested
(Koelega 1994). Thus, it was assured that subjects did
not differ in their state of satiety on the 2 days of threshold
measurement.

Materials and methods

Subjects

Sixty-four healthy subjects (32 males, 32 females; mean age
27.9 years, SD 4.6 years) participated in the study. Age did
not differ significantly between male (mean age 28.3 years,
SD 5.0 years) and female (mean age 27.4 years, SD 4.3 years)
subjects (£ ¢ = 0.66, P = not significant [NS]). All subjects
were nonsmokers and were not taking any medication known
to interfere with sensory perception (Frye et al. 1990;
Schiffman 1994; Doty and Bromley 2004). They provided
their written informed consent. The study protocol was
approved by the Medical Ethics Review Committee (internal
review board) of the Ludwig-Maximilians-University,
Munich.

Stimulus material

When subjects arrived for testing, they had to rate their cur-
rent state of hunger (0 = not hungry at all, 100 = very hungry),

their desire for food (0 = very weak, 100 = very strong), and
the fullness of their stomach (0 = not full at all, 100 = very
full) on a visual analogue scale (Aitken 1969).

Depressive symptoms were assessed using the Beck De-
pression Inventory (BDI, Beck et al. 1961). The BDI is
a self-administered 4-point rating scale (0 = not at all, 3 =
always) designed to measure how often a patient has expe-
rienced depressive symptoms in the past week.

Olfactory function was assessed by means of the olfactory
detection threshold test, a subtest of the Sniffin’ Sticks
(Burghart Instruments, Wedel, Germany) (Kobal et al. 1996;
Hummel et al. 1997). Standard procedure for olfactory de-
tection threshold tests using the Sniffin’ Sticks as described
by Hummel et al. (1997) and Kobal et al. (1996) was used.
The Sniffin’ Sticks have been thoroughly validated; normative
data are based on investigations in more than 3000 subjects
(Kobal et al. 2000; Hummel et al. 2007).

After each olfactory detection threshold test, subjects
rated their emotional valence (0 = negative, 100 = positive),
arousal (0 = calm, 100 = aroused), and alertness (0 = inat-
tentive, 100 = very attentive) during the olfactory testing as
well as the pleasantness (0 = unpleasant, 100 = pleasant) and
intensity (0 = very weak, 100 = very strong) of the pen con-
taining a concentration which was 3 concentration steps
above the individual threshold concentration of n-butanol
and of the pen with the highest concentration of n-butanol
on a visual analogue scale (Aitken 1969).

Experimental procedure

The study consisted of 2 parts. Three olfactory detection
threshold tests were conducted on day 1 (7; = 0 min, 7, =
35 min, and 73 = 105 min), a fourth threshold test was con-
ducted on day 2 (7,: mean 35.1 days, standard error of the
mean 6.1 days after day 1) (Figure 1). These time points of
testing were given because the present study constitutes the
baseline measurement for a study investigating the effects of
acupuncture on olfactory sensitivity (Anzinger A, Albrecht J,
Kopietz R, Kleemann AM, Schopf V, Demmel M, Schreder
T, Eichhorn I, Wiesmann M, in preparation). On day 1, the
subjects completed the BDI and rated their current state of
hunger. This was followed by the first olfactory detection
threshold test (7; = 0 min). Estimated mean duration of
a threshold test was 10—15 min. Thirty-five and 105 min after
the beginning of the first threshold test, the second and the
third threshold test were started, respectively (7> = 35 min,
T3 = 105 min). The brake between T; and T, was approxi-
mately 20-25 min, the brake between 7, and T; was

day 1 day 2
| ] ) |
T T T *c**"T >
Ty T T3 Ty
0 min 35 min 105 min 35.1 days
later later later

Figure 1 Graphic representation of the experimental design (points of
time: T, Ts, T3, and T4>
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approximately 55-60 min. On day 2, subjects completed the
BDI and rated their current state of hunger again. Subjects
were advised to participate in the same state of satiety as they
did in the first threshold test (7). This was followed by the
fourth olfactory detection threshold test (7).

Statistics

SPSS (version 15.0 for Windows, SPSS Inc., Chicago, IL)
was used for statistical evaluation. Normality of the data
was tested using the Kolmogorov—Smirnov test. Normally
distributed data (olfactory detection thresholds, pleasant-
ness and intensity of the odor, and fullness of the stomach)
were submitted to repeated-measures analyses of variance
(ANOVAs) using the general linear model with the
“within-subject factor” time (7,/T>/T;/T, or day 1/day 2)
and the “between-subjects factor” sex (male/female). We
looked for main effects as well as second-order interactions
between these factors. Existing second-order interactions
were corrected using the Bonferroni method. Not normally
distributed data (age, BDI score, current state of hunger, de-
sire for food, emotional valence, emotional arousal, alertness
of the subjects, and pleasantness of the pen with the highest
concentration of n-butanol) were submitted to nonparametric
tests (Wilcoxon rank sum test/Friedman ANOVA). Pearson’s
correlation analyses were used to examine the relationship
between the olfactory detection thresholds at different points
of time. Correlations were corrected using the Bonferroni
method. The alpha level for all tests was set at 0.05.

Results

Olfactory sensitivity

The mean olfactory detection threshold for n-butanol in 64
subjects was 8.9 (SD 2.3) at 7; (0 min), 9.1 (SD 2.3) at 7, (35
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min), 9.2 (SD 2.3) at T3 (105 min), and 9.3 (SD 2.5) at T,
(mean 35.1 days, SD 49.0 days) (Table 1, Figure 2). No sig-
nificant differences in olfactory detection threshold for
n-butanol were observed concerning time (F3;g9 = 0.59,
P = NS). With regard to the variable sex, there were no sig-
nificant differences in olfactory detection thresholds for
n-butanol (Fj e, = 0.03, P = NS). Correlation analyses of
the results at different time points revealed significant cor-
relation coefficients of rgq = 0.43-0.85 (P < 0.01) (Table 2,
Figure 3 and 4).

Subjective ratings regarding emotional valence, emotional
arousal, alertness, and pleasantness and intensity of the
odorants

Emotional arousal (P = 0.005, Friedman ANOVA) and
alertness (P = 0.033, Friedman ANOVA) differed signifi-
cantly between different times of olfactory detection thresh-
old testing, whereas the other parameters did not (Table 1).
The ANOVA regarding the pleasantness of the pen contain-
ing a concentration of n-butanol that was 3 concentration
steps above the individual threshold concentration revealed
a significant result (F3 ;39 = 3.03, P = 0.038), whereas pair-
wise comparisons revealed no significant results.

Depressive symptoms/state of satiety

BDI scores were within the normal range in all subjects
(meang,y; = 1.8 [SD 2.1], rangegayi: 0-8; meang,y,, = 1.3
[SD 1.7], rangegay»: 0-6). Differences between days 1 and
2 were small, yet statistically significant (P = 0.002, Wilcoxon
rank sum test).

On both testing days, the subjects described themselves as
slightly hungry (meang,,; = 30.2 [SD 25.3], meang,y, = 32.0
[SD 23.2]), they had a low desire for food (meang,y; = 25.6
[SD 22.5], meang,y, = 28.9 [SD 21.3]), and described their

Table 1 Descriptive statistics, mean (SD), of the olfactory detection thresholds for n-butanol and the subjective evaluation of emotional valence, emotional
arousal, and alertness during the test and the pleasantness and intensity of n-butanol at the different points of time T; (O min), T> (35 min later), 75 (105 min

later), and T, (35.1 days later) (n = 64)

Value Day 1 Day 2 P value
T; T T3 T4

Olfactory detection threshold 8.9 (2.3) 9.1 (2.3) 9.2 (2.3) 9.3 (2.5) NS
Emotional valence 71.2 (19.1) 70.7 (18.5) 70.2 (17.7) 71.7 (16.4) NS
Emotional arousal 22.5(16.4) 19.1 (15.6) 17.1(12.5) 19.8 (13.0) 0.005
Alertness 76.3 (10.9) 71.1(16.8) 71.0 (15.5) 72.5(12.9) 0.033
Pleasantness® 48.2 (18.9) 51.7 (20.1) 48.4 (20.3) 53.2 (23.6) 0.038°
Intensity® 46.1 (19.1) 44.0 (20.0) 45.1 (18.6) 44.3 (21.7) NS
Pleasantness® 33.9 (25.5) 36.5 (26.5) 34.3 (25.2) 37.5(27.2) NS
Intensityb 79.7 (11.7) 79.2 (13.7) 77.5 (15.3) 78.7 (16.1) NS

@Pen containing a concentration of n-butanol which was 3 concentration steps above the individual threshold concentration.

bPen containing the highest n-butanol concentration.
“Pairwise comparisons revealed no significant results.
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Figure 2 Graphic representation of olfactory detection threshold tests
(means and SDs) at the different time points T; (0 min), T, (35 min later),
T3 (105 min later), and T, (35.1 days later) (n = 64).

Table 2 Correlation analyses between the olfactory detection thresholds
of n-butanol at the different points of time T, (O min), T, (35 min later), T3
(105 min later), and T, (35.1 days later) (n = 64)

Day 1 Day 2
T; T T3 T4(35.1
(0 min) (35 min) (105 min) days later)
Day 1
T; (0 min) 1.00
T> (35 min) 0.82° 1.00
T5 (105 min) 0.85? 0.79° 1.00
Day 2
T, (35.1 days later) 0.50? 0.54° 0.43° 1.00

@Correlation was significant at the 0.01 level.

stomach as moderately full (meang,y,; = 44.0 [SD 21.4],
meang,y, = 46.7 [SD 22.0]). No significant differences be-
tween testing days were found with regard to feeling of
hunger (P = NS, Wilcoxon rank sum test), desire for food
(P = NS, Wilcoxon rank sum test), or filling state of the
stomach (F; 63 = 1.28, P = NS).

Discussion

Mean olfactory detection threshold scores of the subjects in
the current study did not change significantly over the 4 test-
ing sessions. The correlation coefficients between the differ-
ent points of testing were relatively high (r¢4 = 0.43-0.85)
compared with the results of other studies (Punter 1983; Cain
and Gent 1991; Doty et al. 1995). In detail, correlation coef-

ficients of reliability of the tests were relatively high for the
tests administered on the same day (r¢4 = 0.79-0.85) but
dropped markedly for the tests administered approximately
one month later (r¢4 = 0.43-0.54). This larger day-to-day var-
iability could be due to different time points within the men-
strual cycle (compare Doty et al. 1981; Hummel et al. 1991;
Pause et al. 1996; Lundstrom et al. 2006), due to different
conditions of the nasal mucosa (Principato and Ozenberger
1970; Hasegawa and Kern 1977), or due to different motiva-
tional or attentional aspects of the subjects.

There are limited data about test-retest reliability of the
subtests of the Sniffin’ Sticks (Kobal et al. 1996; Hummel
et al. 1997), but no study has been published about repeated
threshold testing more than once per day and more than
once per subject in an adequate number of subjects. Our
data confirm and extend the results of Hummel et al.
(1997) in the way that a short (0, 35, and 105 min) and a
long test-retest interval (35 days, SD 49 days) was used
and that the threshold test was applied 4 times on a larger
sample size.

Because we investigated olfactory sensitivity of only young
subjects (mean age 27.9 years, SD 4.6 years, range 21-40
years) and none of these subjects was suffering from olfac-
tory loss, it is assumed that distortions of the reliability
coefficients due to age and olfactory performance of the
subjects did not appear.

Because there were no significant differences between the
olfactory detection threshold tests at the 4 time points, it
is concluded that the threshold test does not lead to adapta-
tion, even if it is performed more than once per day. Addi-
tionally, one can assume that no learning of the testing
method took place during repeated testing.

There are contradictory assumptions regarding the con-
text between olfactory sensitivity and depression scores.
The results of a study by Pause et al. (2001) suggest a reduced
olfactory sensitivity in patients with major depression. Our
research group was able to confirm these results (Pollatos,
Albrecht, et al. 2007) using a correlative approach, but we
were not able to evidence a significant difference between
groups of subjects with low versus higher depressive symp-
toms. Doty et al. (1988) and Doty (1994) investigated olfac-
tory sensitivity and BDI scores of healthy subjects and of
subjects reporting symptoms of multiple chemical sensitiv-
ities. As in the current study, olfactory thresholds did not,
but BDI scores did significantly differ between both groups.
In our study, there was a small, yet significant difference be-
tween BDI scores of the 2 testing days. In accordance with
the previous results Doty et al. 1998; Doty 1994; Pollatos,
Albrecht, et al. 2007), this did not lead to significant differ-
ence in olfactory sensitivity between the time points of
threshold testing. The reason for the small difference be-
tween the BDI scores at the testing days remains unclear.
However, the normal range of the BDI score is between
0 and 9. Thus, all our results lie within the normal range
and may even be considered incidental.
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Figure 3 Correlations between olfactory detection threshold tests at the different time points 7; (0 min), T, (35 min later), T5 (105 min later), and
T4 (35.1 days later) (n = 64). Correlation coefficients are indicated in italic letters.

Furthermore, our results indicate that the measures of ol-
factory sensitivity using the olfactory detection threshold
test are independent of subjective ratings regarding the emo-
tional situation of the subjects (emotional valence, emotional
arousal, and alertness) and the intensity and pleasantness of
the odor. A possible explanation for the difference of emo-
tional arousal and alertness between the testing sessions
(most existing between T,/T>/T;) could be that the longer
the testing session on the first day the more the subjects felt
calm and inattentive. However, these findings should be
interpreted with caution because the observed variations
were relatively small even if some of these parameters dif-
fered significantly from each other.

Taken together, the results of the current study show that
the olfactory detection threshold test is highly reliable, even
if repeated more than once per day and over a long-term
period. The present results provide a significant extension
of the knowledge about reliability of the olfactory detection
threshold test of the Sniffin’ Sticks, which is important for
application of the test in clinical, industrial, and academic
context.
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Figure 4 Bland-Altman plots for the olfactory detection threshold test at the different points of time 7; (0 min), 7> (35 min later), T3 (105 min later), and
T4 (35.1 days later) (n = 64). The difference between threshold tests of 2 time points of testing is plotted against the mean of the 2 threshold tests. Lines indicate
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