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Effects of odors on sleep quality 
in 139 healthy participants
Agnieszka Sabiniewicz 1*, Pia Zimmermann1, Guliz Akin Ozturk1,2, Jonathan Warr3 & 
Thomas Hummel1

The present study aimed to systematically examine whether laurinal, orange odor, and a specifically 
designed “perfume” influence sleep quality. During sleep, healthy participants (n = 139) were 
presented with odor or no odor through nose clips for fourteen consecutive nights (phase one). We 
collected physiological parameters together with subjective reports. Later on, longer lasting effects 
of this manipulation were examined for the following fourteen nights (phase two) without exposition 
to odors. Additionally, olfactory, cognitive and non-cognitive measures were conducted before phase 
one, between both phases and after phase two. One-way analyses of variance for repeated measures 
with nights and condition (1 vs 2) as the within-subject factor and odor condition (0, 1, 2 or 3) together 
with odor pleasantness rating as between-subject factor, was employed to analyse data. Overall, 
the present results demonstrated that the odor condition in comparison to control had no consistent 
effect on sleep in healthy participants which can be possibly explained by exposure to odors via nose 
clips. However, the analyses indicated that the individual pleasantness of odors enhanced the positive 
assessment of sleep quality. Altogether, the present results indicate that the subjective perception of 
an odor’s hedonic value appears to be crucial for sleep quality, not the odors themselves.

Fragranced substances, including single or multiple odorants adding up to perfumes or aromas, have been 
assigned for millennia with a unique role for human mental and physical  health1. In ancient Egypt, myrrh incense 
was used to decrease fear and increase sleep  quality2. More recently, citrus fragrances have been assigned with 
mood-enhancing  properties3. A number of scientific reports confirmed the common knowledge and beliefs 
about the connection between exposure to odors and sleep quality: odors were found to modify neural processes 
during  sleep4 and impact dreams and sleep  quality4–7.

Some odors were attributed with particular effectiveness in improving both objective and subjective sleep 
quality. Bitter orange odor increased sleep quality in postmenopausal  women8 and improved mothers’ sleep 
quality in postpartum  period9. Jasmine odor led to greater sleep efficiency and reduced sleep  movement10. Lav-
ender oil, in turn, enhanced sleep effectiveness, increased total sleep  time11,12, promoted sleep in patients with 
 insomnia13 and those having clinical  interventions14,15.

Scents targeting sleep and well-being, such as lavender, induce central relaxant and sedative  effects16,17. Gen-
erally, plant-derived odors can enhance mood and calmness and are typically assessed as  pleasant18. Pleasant 
odors per se positively affect mood and decrease  arousal19–21. Pleasantness of odorants is also related to higher 
molecular  complexity22. Recently, Ackerley et al.23 demonstrated that two pleasant odors activated olfactory-
relevant areas and showed some beneficial impact on sleep.

Given the common anecdotal and subjective evidence in aromatherapy research, systematic objective inves-
tigations on the impact of odors on sleep quality are  few11,24. Pleasant odors were found to have some beneficial 
effects on sleep quality in healthy  humans8,13,23,25. However, other studies did not confirm this  effect6,26,27 and 
Nováková et al.28 indicated no impact of odors on sleep quality as measured by dream content. Overall, the effects 
of odors on sleep quality are relatively superficially studied and still require a more profound understanding.

Hence, the purpose of the present study was to systematically examine whether l-Laurinal® ([S]3,7-dimethyl-
7-hydroxyoctanal), orange odor (essential oil), and a specifically designed, complex perfume (further termed as 
“perfume”; provided by Takasago, Paris, France), influence sleep quality of a large group of healthy participants. 
We aimed to investigate the difference between particular odors in causing this effect. Specifically, we intended 
to investigate the effects of odor exposure during sleep on physiological parameters and subjective reports.

OPEN

1Interdisciplinary Center “Smell & Taste”, Department of Otorhinolaryngology, TU Dresden, Dresden, 
Germany. 2Dokuz Eylul University, Izmir, Turkey. 3Takasago Europe Perfumery Laboratory, Paris, France. *email: 
a.sabiniewicz@gmail.com

https://orcid.org/0000-0002-9361-0486
http://crossmark.crossref.org/dialog/?doi=10.1038/s41598-022-21371-5&domain=pdf


2

Vol:.(1234567890)

Scientific Reports |        (2022) 12:17165  | https://doi.org/10.1038/s41598-022-21371-5

www.nature.com/scientificreports/

Materials and methods
Participants. A total of 192 participants were enrolled in the study, of whom 53 were excluded due to vari-
ous reasons: pregnancy or breast-feeding; significant health problems possibly related to olfactory disorders 
(e.g., Parkinson’s disease, renal insufficiency); acute or severe chronic inflammation of the nose or nasal cavities; 
heavy smoking (more than five cigarettes a week); rough night sleep times; any allergic reaction to the silicon.

Thus, the final sample consisted of 139 participants (82 women, 57 men; mean age 29 years, SD = 9.6, range 
18–66 years of age). Data were collected at the Smell & Taste Clinic at the Department of Otorhinolaryngol-
ogy of the TU Dresden. The study was performed according to the principles of the Declaration of Helsinki on 
biomedical research involving human subjects. The study design was approved by the Ethics Committee at the 
Medical Faculty of the TU Dresden (EK number 377082019). All participants provided written informed consent.

Additionally, 10 participants (6 women; mean age = 23.7 years, SD = 3.3) took part in the pilot study aimed 
to compare the pleasantness and intensity of the odors used in the study.

Recruitment was performed through posters and flyers on the campus of Dresden, word of mouth, flyers 
in local fitness studios, supermarkets or similar. Recruitment was also performed through an advertisement at 
eBay classifieds.

The data was collected over a period of 12 months (November 2019–November 2020).

Odors. Table 1 consists of the odors used in the study, together with their characteristics. Odors, including 
the no-odor placebo condition, were presented through nose clips which allow specific odor presentation to 
an individual without contaminating the environment. Nose clips were used in both phases of the experiment.

Participants were randomly assigned to one odor group (for orange: 14 women, 13 men, aged from 18 to 
39, M = 27, SD = 5.5; for “perfume”: 17 women, 9 men, aged from 20 to 66, M = 32, SD = 12.1; for Laurinal: 11 
women, 14 men, aged from 21 to 64, M = 29.7, SD = 11; for placebo: 23 women, 13 men, aged from 19 to 62, 
M = 28.4, SD = 8). For example, the first participant in the study was allocated in orange group, the second in 
“perfume”, the third in Laurinal and the fourth in placebo. Odors’ pleasantness was rated after the first 14 days 
of the experiment on a scale 0–10 (M = 7, SD = 1.9).

Sleep quality measures. All participants slept at home. They were provided with detailed instructions 
about all the study aspects (e.g., how to place the nose clip before the night) except for the odors they were pre-
sented with. There was no cover story, hence no debriefing.

During the experimental procedure, participants were asked to fill out the sleep diary every morning. The 
diary included reports on participants’ daytime behavior and sleep perception for all upcoming 14 nights.

Additionally, 66 participants agreed to wear wearable sleep and fitness monitoring devices Fitbit® Charge 
2 (Fitbit® charge 2; Fitbit Inc., San Francisco, CA, USA), called further as wSMD, during the whole procedure 
(28 days). wSMD can be utilized as an alternative measurement of sleep time (i.e., quantity of sleep) and/or sleep 
efficiency (i.e., quality of sleep), as it allows for measurements of time spent in each of the sleep stages, as well as 
time spent awake. The wSMD brand family of devices have been shown to have a high intradevice  reliability29. 
The participants were asked to synchronize their wSMDs every morning.

Olfactory, cognitive and non-cognitive testing. A simplified experimental protocol is presented in 
Fig. 1. The procedure consisted of three sessions, each separated by 14 days. Descriptive statistics of cognitive 
and non-cognitive tests are presented in Table 2.

Olfactory function. Olfactory function was assessed in all participants by means of the “Sniffin’ Sticks” test 
battery (Burghart, Holms, Germany). During the first meeting, odor threshold (T), discrimination (D) and 
identification (I) were measured, together with the total assessment of olfactory functions (TDI)30,31. Only par-
ticipants who scored 12 or more points in the odor identification test were accepted for the  study31. This way, five 
participants (1 woman) were excluded. During the second and the third session, only odor threshold (T) and 
identification (I) were assessed. These two olfactory factors were chosen because they cover two major domains, 
threshold and suprathreshold testing. The former is more related to peripheral olfactory functioning, the latter 
to cognitive functions.

Additionally, the self-assessed significance of olfaction was measured with the Importance of Olfaction 
 questionnaire32. The questionnaire consists of 20 items (e.g., ‘without sense of smell, my life would be worth-
less’) and is a reliable and easy to use instrument.

Table 1.  Odors used in the study.

Number Name of odor Description

0 Placebo No odor

1 Orange Orange odor

2 “Perfume” Provided by Takasago citrus; floral; musky; orange

3 l-Laurinal® Sweety floral—like notes with green citrus and melon undertones
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Cognitive testing. Executive control was measured via Trail Making Test, part B (TMT)33. TMT is a neuropsy-
chological test that involves visual scanning and working memory. A participant is asked to connect 24 consecu-
tive circles, randomly arranged on a page. The TMT is scored by the time one takes to complete the test. In the 
case of TMT B the average time to complete this part is 73 s.

Corsi Block tapping Test (CBT)34 is a simple way to measure spatial spans. The test was presented to the 
participants on the computer. Nine blocks positioned randomly on a flat surface were lightening up for a short 
time while the participant watched. Then the participant was asked to click on the blocks on the screen. In the 
forward version of the test, the participant repeats the tapping order as presented, while in the backward version, 
the participant repeats the tapping order in  reverse35. The test is completed when the participant fails to replicate 
a given sequence of taps. The most extended series, called the Corsi span, is then marked. The average forward 
Corsi span for adults ranges between five and seven  blocks34,36. The CBT is commonly used in neuropsychologi-
cal and medical  studies35.

Non‑cognitive testing. The 60-items NEO Five Factor Inventory (NEO-FFI)37 in German  adaptation38 was pre-
sented to the participants to assess their personality. Neo-FFI measures five global dimensions of personality: 
neuroticism (the predisposition to experience negative affect, such as depression or anxiety), extraversion (the 
intensity and quantity of social interactions), openness (the predisposition to active searching and appreciation 
of new experiences), agreeableness (the quality of one’s social interactions along a continuum from compassion 
to antagonism), and conscientiousness (goal-directed behaviors containing motivation, organization and per-
sistence). Neo-FFI was completed by the participants only in the first session and the results were normal (see 
Table 2).

The Hospital Anxiety and Depression Scale (HADS)39 measures anxiety and depression in a general medical 
population of patients. It is simple, fast and easy to  use40. The questionnaire consists of 14 items (7 for anxiety 
[HADSA], e.g.: I get a sort of frightened feeling like ’butterflies’ in the stomach, and 7 for depression [HADSD], 
e.g.: I have lost interest in my appearance) and takes 2–5 min to complete. The questionnaire’s anxiety and depres-
sion questions are interspersed, but the final outcome is separated into these two (see Table 2). The questionnaire 
was presented in German  adaptation41.

A description of a typical experimental session. During the first session, in the beginning, the sense of smell 
was tested, and then the inclusion and exclusion criteria were checked again. If the tested person fulfilled these 
criteria, we followed with the information about the study. Afterwards, the participant gave their written consent 
and was informed that their participation in this study was voluntary and that they could withdraw at any time. 
This part was followed by a thorough explanation of the sleep diary, including answers to any questions the par-
ticipant might have asked. Next, explanations of the questionnaires to be filled out afterwards, which represented 
the second part of each meeting, followed. Each participant could work through the questionnaires peacefully 
without being observed by the experimenter who left the room for this period. After the experimenter returned, 

Figure 1.  Simplified experimental protocol.
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she checked all the questionnaires for completeness. The cognitive tests were then explained and carried out. At 
the end of the first meeting, the subject was given the clip assigned to her.

The course of the second and third appointments was identical. Firstly, the sense of smell was tested again, 
with two of the three Sniffin` Sticks tests. Subsequently, new sleep diaries were issued, only for the second ses-
sion, and the old ones were collected. In addition, at the second meeting, the test person was asked about the 
pleasantness of the scent and other abnormalities. The subject then filled out the questionnaires he was familiar 
with, now only two, and completed the cognitive tests, the same as at the first appointment. After three completed 
meetings, each test person received a moderate expense allowance.

Data analyses. Pilot study. Pleasantness and intensity of the three odors used in the study were compared 
by means of repeated measures analysis of variance with (a) rated pleasantness and intensity and (b) orange, 
Laurinal and “perfume” as within-subject factors.

Psychophysical measures. Possible differences in olfactory, cognitive and non-cognitive tests were assessed 
by means of one-way analyses of variance for repeated measures with odor condition (0, 1, 2 or 3) as between-
subject factor. Here, we also investigated the impact of perceived odor pleasantness on the declared sleep quality. 
Following the ratings of all delivered odors’ pleasantness, participants were divided into two groups: (a) assessing 
the odors as less pleasant (≤ 7; 55 participants; 51.8%); (b) assessing the odors as more pleasant (≥ 8; 59 partici-
pants; 48.2%). Obtained odor pleasantness rating was used as between-subjects factor. For these analyses, the 
placebo group was excluded.

Table 2.  Descriptive statistics of participants’ performance in four different odor conditions in all the 
presented tests during the three sessions.

Variable

Odor condition

Session

Placebo Orange “Perfume” Laurinal

M SD M SD M SD M SD

Olfactory testing (Sniffin’Sticks)

Odor Threshold

First 7.5 2 6.7 2.3 6.1 2.4 6.1 3.4

Second 7.3 2.5 6.5 2.5 7 2.7 7.5 4.1

Third

Identification

First 14.2 1.1 14.2 1.2 13.8 1.3 13.6 1

Second 14.6 1.1 13.9 1.2 14.2 1.5 13.9 1.2

Third

Discrimination First 13.7 1.6 13.3 1.5 13.3 1.7 13 1.8

Total assessment of olfactory functions First 35.4 2.8 34.2 3.6 33.2 3.7 32.6 4.1

Significance of olfaction

First 36.8 7.2 32.3 6.8 34.9 5.9 33.2 5.3

Second 35.9 6.7 32.8 6.2 34.2 6 31.7 6.2

Third 35.8 7.1 32.5 6.1 34.1 6.8 32 7.4

Cognitive testing

Executive control (Trail Making Test, part B)

First 50.1 20.9 47.3 10.6 50.3 19.7 57 21.5

Second 40 16 46.6 29.2 41.8 24.2 43.6 15.6

Third 36.9 15.4 38.6 17.8 40 21.8 39.3 11.8

 Spatial spans (Corsi Block tapping Test)

First 6 1.6 6.5 1.3 6.2 1.6 6.3 1.4

Second 6.3 1.5 6.3 1.3 6.4 1.6 6.4 1.4

Third 6.3 1.3 6.6 1.3 6.7 1.6 6.2 1.5

Non-cognitive tests

Anxiety (HADSA)

First 5.1 3.2 5.4 2.6 4.9 3 6.3 2.8

Second 4.6 3 5.7 3.7 4.7 3.4 6.3 3.2

Third 5.2 3.7 5.7 2.9 4.2 3.2 6.8 4.1

Depression (HADSD)

First 2.1 2.3 2.9 2.2 2.4 2.7 3.1 2.2

Second 2.4 2.7 2.8 2 2 2.6 3.8 2.7

Third 2.3 2.7 2.9 2.1 2 2 4.5 3.6

Personality (NEO Five Factor Inventory)

 Neuroticism First 17.6 8.1 19 7.7 19 7.5 21.3 7

 Extraversion First 29.3 6 29.4 5.5 29.7 5.6 28.8 5.7

 Openness First 32.5 5.9 30.7 6.3 31.6 6.8 29.3 6.1

 Agreeableness First 32.8 5.7 31.6 5.1 34.1 5 32 6.3

 Conscientiousness First 35.5 5.1 33.7 7.3 34.7 6.7 33.8 6
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Sleep diary. Analyses were conducted separately for each individual question for the first, seventh, thirteenth 
night (phase 1), fifteenth, twenty-first, and twenty-eight night (phase 2), employing Repeated Measures Anova. 
Thus, eight separate models were constructed with nights (1, 7, 13), and phases (1 vs 2) as within-subjects fac-
tors and odor condition (0,1,2 or 3) together with odors pleasantness rating as between subject factors. We did 
not investigate the question concerning yesterday’s physical activity because there were about 20% missing data. 
Scoring for the sleep diary is described in supplementary Table 1. For the purpose of the analyses, the scale has 
been changed in ways that the lowest numbers respond to the lowest score and the highest to the highest number. 
For example, regarding the item ‘how many hours did you sleep’ 0 responds to 0–4 h and 4 to 10–12 h. To control 
for multiple comparisons, Bonferroni corrections were applied where appropriate.

wSMD measures. Data were analyzed both  individually42 and grouped in the following way:

• sum of minutes asleep; time spent in bed; minutes REM sleep, and minutes of deep sleep (N3) were summed 
up into a category of ‘positive’ sleep quality;

• sum of minutes awake andminutes of light sleep (N2) were summed up into a category of ‘negative’ sleep 
quality.

Both ‘positive’ and ‘negative’ sleep quality of consecutive two nights of each phase were combined into one. 
This way, we obtained seven nights for each phase.

Possible differences in the sleep quality, as measured via wSMD, were assessed by one-way analyses of vari-
ance for repeated measures, separately for ‘positive’ and ‘negative’ sleep quality. Within-subject factor included 
nights and phases (1, 2), with odor condition (0, 1, 2 or 3) and odors pleasantness rating as between-subject 
factors. In order to control for multiple comparisons, Bonferroni corrections were applied where appropriate.

Additionally, we further examined the effect of odor condition on sleep quality with Bayesian  statistics43. The 
Bayes Factor (B) is a method that weighs evidence and shows which of two hypotheses is better supported and to 
what extent. Adopting the B in statistical inference, it can be examined whether the data provided robust support 
for the null hypothesis, the alternative hypothesis, or whether the analysis is inconclusive and more data need to 
be collected to provide clear  evidence44. Furthermore, Bayesian statistics are resistant to multiple comparisons.

Data are presented as mean values (± standard deviation). Statistical analyses were performed using JASP v. 
0.11.2 (www. jasp- stats. org), with p < 0.05 set as the level of significance.

Results
Pilot study: comparison of the pleasantness and intensity of the three odors. No interaction 
was noticed between either intensity or pleasantness and three odors used in the study (F[2,18] = 0.6; η2 = 0.02; 
p = 0.57) (Fig. 2).

Analyses of psychophysical measure. Non‑cognitive testing. HADSA scores’ analyses showed 
between-subjects effect for odor condition (F[3,105] = 2.9, p = 0.04). Specifically, participants in the Laurinal 
group tended to score higher—thus, reported higher anxiety level—compared to those in the “perfume” group 
(p = 0.052, Bonferroni corrected) (Fig. 3a).

The same effect was even more visible in case of HADSD scores (F[3,105] = 3.6, p = 0.016), with participants 
in the Laurinal group reporting higher depression severity compared to those in “perfume” and placebo groups 
(for “perfume”: p = 0.035; for placebo: p = 0.027, all p’s Bonferroni corrected) (Fig. 3b).

Bayes factor revealed that in case of both anxiety and depression, the null model was indistinguishable from 
the model with the main effect of odor (for anxiety: B01 = 0.8; for depression: B01 = 0.3).

Figure 2.  Pleasantness and intensity ratings of three odors used in the study—the higher the scores the more 
intense the odors. Pleasantness ratings of 0 indicate very unpleasant perceptions, ratings of 10 very pleasant 
sensations, scores of 5 indicate a hedonically neutral perception of the odor.

http://www.jasp-stats.org
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Olfactory testing. Increase in odor threshold was noticed (F[2,212] = 12.4, p < 0.001) together with between-
subjects effects regarding the interaction between odor pleasantness rating and odor condition (F[2,72] = 4.3, 
p = 0.017). Specifically, odor threshold performance was higher in the group presented with Laurinal, for par-
ticipants who rated the odors as more pleasant than those who rated them as less pleasant (p = 0.035, Bonferroni 
corrected) (Fig. 4a).

Alike, increase in odor identification was demonstrated (F[2,212] = 9.5, p < 0.001). Here, at the second meas-
urement participants exhibited an improved odor identification function (F[6,212] = 2.3, p = 0.039). Specifically, 
participants in the “perfume” group had lower scores between the second and third measure (p = 0.003, Bonfer-
roni corrected) (Fig. 4b).

Bayes factor revealed that odor condition did not affect odor threshold (B01 = 5) while for identification 
performance. the null model was indistinguishable from the model with the main effect of odor (B01 = 3.6).

Cognitive testing. TMT scores analyses showed a decrease in scoring (F[1.8,202] = 27.9, p < 0.001, Greenhouse–
Geisser correction) while Corsi test scores analyses demonstrated a tendency of increase (F[1.8,190.4] = 3.2, 
p = 0.05, Greenhouse–Geisser correction). Alike, an increase in total correct trials (F[1.9,197,9] = 4.9, p = 0.01, 
Greenhouse–Geisser correction) and memory span (F[1.9,197.8] = 4.5, p = 0.015, Greenhouse–Geisser correc-
tion) was noted.

Bayes factor indicated that odor condition did not influence either TMT scores (B01 = 9.3) nor corsi test 
outcome (for blockspan: B01 = 9.5; for total correct trials: B01 = 7.5; for total score: B01 = 7.4; for memory span: 
B01 = 7.5). In other words, the null hypotheses concerning the lack of relationship between these variables was, 
correspondingly, 9 and 7 times more probable than the opposite assumption.

Analyses of the sleep quality measures obtained via sleep diary. Regarding the first question, “how fast did you fall 
asleep”, participants declared faster falling asleep in the second phase compared to the first one (F[1,106] = 6.1, 

Figure 3.  (a, b) (from the left). HADSA and HADSD scores in different odor conditions. Note different Y-axis.

Figure 4.  (a, b) Odor threshold in the Laurinal group for participants who rated the odors as more and less 
pleasant, respectively; Odor identification in three sessions for different odor conditions. Note different Y-axis.
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p = 0.016). Furthermore, at the 15th night (second phase), participants reported faster falling asleep than at the 
first night (first phase) (F[2,212] = 4.2, p = 0.016; p = 0.003, Bonferroni corrected).

Regarding the second question, “did you wake up”, participants declared more awakenings in the second phase 
compared to the first one (F[1,106] = 5.6, p = 0.019). Furthermore, main effect of nights (F[2,212] = 10.3, p < 0.001) 
and an interaction between nights and phases (F[2,212] = 2.5, p = 0.086) were demonstrated, however the latter on 
a trend level only. Specifically, in nigh one (first phase), participants declared fewer awakenings compared to the 
following nights: 13th (first phase), 21st (phase 2), 28th (phase 2) (all p’s < 0.001, all p’s Bonferroni corrected), and 
night 15th (phase 2), however here the effect was noticed on a trend level only (p = 0.052, Bonferroni corrected).

Regarding the fourth question, “how was your sleep”, participants declared higher sleep quality in some of 
the nights of the second phase compared to the first one (F[2,212] = 4.4, p = 0.014). Post-hoc tests revealed that 
higher sleep quality was reported on night 13th (first phase) (p = 0.009, Bonferroni corrected) and fifteen (second 
phase), however here, the effect was noted on a trend level only (p = 0.06, Bonferroni corrected).

Regarding the sixth question: “how well-rested did you get up”, participants reported more feeling of being 
rested in the second phase compared to the first one (F[2,212] = 4.5, p = 0.012). Specifically, the reported feeling 
of being rested increased gradually: both on nights thirteen (first phase) and twenty-eight (second phase), sleep 
quality was rated higher compared to the first night (phase 1) (for the 13th night: p < 0.001, for the 27th night: 
p = 0.012, all Bonferroni corrected). Also, on night seven (first phase), participants tended to declare higher sleep 
quality compared to night one (first phase) (p = 0.052, Bonferroni corrected).

Furthermore, main effect of nights, phases, and odors pleasantness rating was demonstrated (F[2,144] = 4.6, 
p = 0.012). Participants who rated the odors as more pleasant reported more feeling of being rested on night 
twenty-eight (second phase) compared to night one (first phase) (p = 0.014, Bonferroni corrected). In turn, those 
who rated the odors as less pleasant, tended to declare more feeling of being rested on night thirteen (p = 0.014, 
Bonferroni corrected) compared to night twenty-eight (second phase) (Fig. 5).

As indicated by Bayes factor, in neither of the above questions odor condition influenced sleep quality rat-
ings (for the first question: B01 = 18.4; for the second question: B01 = 19.1; for the third question: B01 = 25; for 
the fourth question: B01 = 34.3; for the fifth question: B01 = 5.6; for the sixth question: B01 = 8.2; for the seventh 
question: B01 = 18.8; for the eight question: B01 = 9). In other words, the null hypotheses concerning the lack of 
relationship between these variables was at least 5—and maximally 34 times more probable than the opposite 
assumption.

Analyses of sleep quality measures obtained via wSMD. Descriptive characteristics of the aspects of 
sleep quality obtained via wSMD for each phase are presented in the supplementary Table 2.

Considering individual categories, for ‘minutes awake’ general increase in time spent awake was noticed 
(F[6,288] = 2.9, p = 0.009) between night 1 and 14 (p = 0.006, Bonferroni corrected). Furthermore, time spent in 
bed increased in the second phase (F[1,288] = 4.9, p = 0.032).

Bayes factor indicated that odor condition did not affect sleep quality in case of ‘minutes asleep’: B01 = 5.3. 
As regards other categories, the null model was indistinguishable from the model with the main effect of odor 
(for ‘minutes awake’: B01 = 1.9; for ‘number of awakenings: B01 = 2.7; for ‘time in bed’: B01 = 5.5; for ‘rem sleep’: 
B01 = 1.3; for ‘deep sleep’: B01 = 1.9; for ‘light sleep’: B01 = 3.2).

Regarding summed categories of sleep quality, we found that ‘positive’ sleep quality increased; in the second 
phase; i.e. sleep quality improved (F[1,288] = 5.5, p = 0.024). Here, theBayes factor showed that odor condition 
did not influence this aspect (B01 = 12.6). As for the negative sleep quality, the null model was indistinguishable 
from the model with the main effect of odor (B01 = 2.9).

Figure 5.  Feeling of being rested after getting up as assessed by participants who rated the odors pleasantness.
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Discussion
We systematically examined the idea of whether Laurinal, orange odor, and “perfume” in comparison to a no-
odor condition, influence sleep quality of a large group of healthy participants. Specifically, we aimed to investi-
gate the effects of continuous odor exposure during sleep on physical parameters, and subjective reports collected 
via a sleep diary. In contrast to the majority of previous  studies4–7,23; but see:28, the present results indicate that 
odor condition has no consistent or significant effect on sleep which was confirmed by Bayesian anlayses.

One plausible explanation of the lack of odors’ impact on sleep quality might be the experimental conditions 
employed in the present study. Nose clips used to deliver odors do not mimic ambient atmosphere in which odor 
exposure takes place at people’s homes. While fresh and pleasant bedroom odors receive a central role in sleep 
 hygiene45, typical ways to obtain this goal are airing the room, using scented candles, incense or adding scents 
(e.g., lavender) to linens. A 19th-century anecdotal report regarding the impact of odors on sleep quality refers 
to dropping perfumes on the pillow [cited  from46]. Compared to the use of nose clips these techniques appear 
to be more convenient. In addition, they also allow to share the odors with others, such as romantic partners, 
therefore providing essential social context to the odor exposition. In turn, social meaning given to the odors 
can enhance sleep  quality47; see also:48.

Additionally, in the present study, individual odors differed very slightly in influencing affective or psycho-
physical states of participants. Specifically, between-subject analyses revealed that after the use of “perfume”/
placebo, participants reported lower depression severity compared to the use of Laurinal. Furthermore, again 
on between-subjects effects level, participants in the “perfume” group tended to report lower anxiety level com-
pared to those in the Laurinal group. Besides, odor threshold performance was higher in the group presented 
with Laurinal, for participants who rated the odors as more pleasant compared to those who rated them as less 
pleasant, as shown by between-subject analyses. An open question remains why some of the odors employed in 
the study caused such effects, and some did not.

Odors are well-established to impact physiology and mood (see for review:49), leading to decrease in anxiety 
and a greater sense of calmness, relaxation, and  contentment3,50–54. Why results from the present, rigorous study 
indicate only spurious effects of odors in this area remains an open question. However, it must be noted that a 
very limited number of odors has been associated with a consistent impact on mood, whilst exposure to others 
has produced varied or contradictory  results53. For example, while exposure to orange oil has been reported to 
improve mood and reduce  anxiety3,51, olfactory stimulation with rosemary has been observed to either increase 
 anxiety54 or decrease  it50.

These possibly more selective abilities of odors might be explained, on one hand, by chemosignals in some 
essential oils that, following absorption in the respiratory tract, may cause sedative and anxiolytic effects through 
specific effects in the central nervous  system55–58. On the other hand, odors tend to readily acquire the affective 
valence of the situation in which they were experienced via evaluative  conditioning59, and hence become liked 
or  disliked60. Going further, odors that are contextually linked with positive experiences can also exert an anxio-
lytic effect, perhaps through a reduction in sympathetic  tone48. Villemure and  colleagues61 showed that when 
presented to a self-selected pleasant odor, participants reported mood improvement and decrease in anxiety and 
perceived pain unpleasantness. On the contrary, exposure to a smell that the participants themselves picked as 
unpleasant resulted in the opposite. Thus, the impact of odors on affective and psychophysical states appears 
a complex issue with a number of factors such as biological components, unique contextual background and 
perceived hedonics as potential mediators.

Interestingly, the present results indicate that except for real odor perception, also imaginary sniffing might 
contribute to improvement in affective state. Exposition to placebo odor resulted in decrease of depression 
severity, what can be explained by presumably positive expectations of participants regarding the odors’ effects. 
Masaoka et al.62 demonstrated that blind exposition to no odor, when associated with certain positive expecta-
tions about odor’s effects, might bring beneficial results. This effect can be caused by breathing patterns that 
change while imaginary sniffing: analogous to real odor perception, imagination of a pleasant odor is accom-
panied by a larger  sniff63–65.

Present results indicate that perceived odor’s pleasantness enhanced some of the positive assessment, which 
is in line with previous  studies66–72. Regarding individual questions of the sleep diary, participants who rated 
the odors as more pleasant tended to report an increase in feeling of being rested during both phases, especially 
when comparing the end of the experiment with the beginning. Interestingly, this effect was not present in those 
who rated the odors as less pleasant—instead, they tended to declare less feeling of being rested at the end of 
the second phase compared with the end of the first phase. Some of those effects have been noted in previous 
 studies7,23,73. For example, Goel and  Lao73 demonstrated that peppermint, perceived as pleasant, decreased a 
feeling of fatigue. Exposure to pleasant odors was also shown to be associated with positive dream  contents7. 
Lastly, participants who rated the odors as unpleasant might be slightly anhedonic compared to the others which 
results in diverse odor  encoding74.

Affective perception evoked by an odor is crucial for olfactory  processing75. Already at the level of sniff 
response pleasant odors drive stronger sniffs and unpleasant odors drive weaker  sniffs63,76. Anderson et al.77 found 
that the pleasantness of an odor was processed in spatially separate areas of the orbitofrontal cortex (OFC), which 
play a significant role in emotional processing. Present results emphasize the idea that the subjective perception 
of an odor’s hedonic value might be crucial for sleep quality, not the odors themselves.

One would expect that overnight odor exposure would increase or decrease sleep quality and psychophysical 
measures consistently during the first phase and then return to baseline or stabilize in the second phase. While 
some results fit into this hypothesis, others do not. For example, odor identification kept increasing from sessions 
2 to 3. Regarding sleep diary, participants reported more feeling of being rested in the second phase compared to 
the first one. Also, “positive” sleep quality measured with wSMD was higher in the second phase compared to the 
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first one. One plausible explanation might be the indirect effects of frequent odor exposition, such as increased 
attention to odors in case of odor  identification78. Furthermore, mood improvement, here presumably reflected 
in a feeling of being more rested, was demonstrated to accompany olfactory performance  amelioration79.

To conclude, the present results show that odor condition had no consistent or significant effect on sleep 
in healthy participants. It can be possibly explained by exposure to odors via nose clips that may not mimic an 
ambient atmosphere in which odor exposure is usually employed at people’s homes. Furthermore, only spurious 
effects of individual odors on affective or psychophysical states of participants were noticed. In turn, the present 
data support the view that subjectively perceived pleasant odors enhance the positive assessment of sleep quality. 
Overall, the present results indicate that the subjective perception of an odor’s hedonic value is crucial for sleep 
quality, not the odors themselves.

Data availability
The datasets analyzed during the current study are not publicly available due to the privacy of the participants 
but are available from the corresponding author on reasonable request.

Received: 5 April 2022; Accepted: 27 September 2022

References
 1. Philpott, C. M., Bennett, A. & Murty, G. E. A brief history of olfaction and olfactometry. J. Laryngol. Otol. 122, 657–662 (2008).
 2. Chaudhri, S. K. & Jain, N. K. History of cosmetics. Asian J. Pharm. 3, 164 (2014).
 3. Lehrner, J., Eckersberger, C., Walla, P., Pötsch, G. & Deecke, L. Ambient odor of orange in a dental office reduces anxiety and 

improves mood in female patients. Physiol. Behav. 71, 83–86 (2000).
 4. Perl, O. et al. Odors enhance slow-wave activity in non-rapid eye movement sleep. J. Neurophysiol. 115, 2294–2302 (2016).
 5. Badia, P., Wesensten, N., Lammers, W., Culpepper, J. & Harsh, J. Responsiveness to olfactory stimuli presented in sleep. Physiol. 

Behav. 48, 87–90 (1990).
 6. Okabe, S., Fukuda, K., Mochizuki-Kawai, H. & Yamada, K. Favorite odor induces negative dream emotion during rapid eye move-

ment sleep. Sleep Med. 47, 72–76 (2018).
 7. Schredl, M. et al. Information processing during sleep: The effect of olfactory stimuli on dream content and dream emotions. J. 

Sleep Res. 18, 285–290 (2009).
 8. Abbaspoor, Z. et al. The effect of citrus aurantium aroma on the sleep quality in postmenopausal women: A randomized controlled 

trial. IJCBNM. 10, 86–95 (2021).
 9. Mirghafourvand, M., Charandabi, S. M. A., Hakimi, S., Khodaie, L. & Galeshi, M. Effect of orange peel essential oil on postpartum 

sleep quality: A randomized controlled clinical trial. Eur. J. Integr. Med. 8, 62–66 (2016).
 10. Raudenbush, B., Koon, J., Smith, J. & Zoladz, P. Effects of odorant administration on objective and subjective measures of sleep 

quality, post-sleep mood and alertness, and cognitive performance. N. Am. J. Psychol. 5, 181–192 (2003).
 11. Fismer, K. L. & Pilkington, K. Lavender and sleep: A systematic review of the evidence. Eur. J. Integr. Med. 4, e436–e447 (2012).
 12. Goel, N., Kim, H. & Lao, R. P. An olfactory stimulus modifies nighttime sleep in young men and women. Chronobiol. Int. 22, 

889–904 (2005).
 13. Hardy, M., Kirk-Smith, M. & Stretch, D. Replacement of drug treatment for insomnia by ambient odor. Lancet 346, 701 (1995).
 14. Lytle, J., Mwatha, C. & Davis, K. K. Effect of lavender aromatherapy on vital signs and perceived quality of sleep in the intermediate 

care unit: a pilot study. Am. J. Crit. Care. 23, 24–29 (2014).
 15. Ayik, C. & Özden, D. The effects of preoperative aromatherapy massage on anxiety and sleep quality of colorectal surgery patients: 

A randomized controlled study. Complement. Ther. Med. 36, 93–99 (2018).
 16. El Alaoui, C., Chemin, J., Fechtali, T. & Lory, P. Modulation of T-type Ca2+ channels by Lavender and Rosemary extracts. PLoS 

ONE 12, e0186864 (2017).
 17. Haze, S., Sakai, K. & Gozu, Y. Effects of fragrance inhalation on sympathetic activity in normal adults. J. Clin. Pharmacol. Ther. 90, 

247–253 (2002).
 18. Weber, S. T. & Heuberger, E. The impact of natural odors on affective states in humans. Chem. Senses. 33, 441–447 (2008).
 19. Alaoui-Ismaili, O., Vernet-Maury, E., Dittmar, A., Delhomme, G. & Chanel, J. Odor hedonics: Connection with emotional response 

estimated by autonomic parameters. Chem. Senses. 22, 237–248 (1997).
 20. Inoue, N., Kuroda, K., Sugimoto, A., Kakuda, T. & Fushiki, T. Autonomic nervous responses according to preference for the odor 

of jasmine tea. Biosci. Biotechnol. Biochem. 67, 1206–1214 (2003).
 21. Knasko, S. C. Ambient odor’s effect on creativity, mood, and perceived health. Chem. Senses. 17, 27–35 (1992).
 22. Kermen, F. et al. Molecular complexity determines the number of olfactory notes and the pleasantness of smells. Sci. Rep. 1, 1–6 

(2011).
 23. Ackerley, R., Croy, I., Olausson, H. & Badre, G. Investigating the putative impact of odors purported to have beneficial effects on 

sleep: Neural and perceptual processes. Chemosens. Percept. 13, 93–105 (2020).
 24. Lin, P. C. et al. Effects of aromatherapy on sleep quality: A systematic review and meta-analysis. Complement. Ther. Med. 45, 

156–166 (2019).
 25. Sano, A., Sei, H., Seno, H., Morita, Y. & Moritioki, H. Influence of cedar essence on spontaneous activity and sleep of rats and 

human daytime nap. Psychiatry Clin. Neurosci. 52, 133–135 (1998).
 26. Okabe, S., Hayashi, M., Abe, T. & Fukuda, K. Presentation of familiar odor induces negative dream emotions during rapid eye 

movement (REM) sleep in healthy adolescents. Sleep Med. 66, 227–232 (2020).
 27. Tanaka, J. et al. Effects of aroma on sleep and biological rhythms. Psychiatry Clin. Neurosci. 56, 299–300 (2002).
 28. Nováková, L. M., Miletínová, E., Kliková, M. & Bušková, J. Effects of all-night exposure to ambient odour on dreams and affective 

state upon waking. Physiol. Behav. 230, 113265 (2021).
 29. Montgomery-Downs, H. E., Insana, S. P. & Bond, J. A. Movement toward a novel activity monitoring device. Sleep. Breath. 16, 

913–917 (2012).
 30. Hummel, T., Sekinger, B., Wolf, S. R., Pauli, E. & Kobal, G. ‘Sniffin’sticks’: Olfactory performance assessed by the combined testing 

of odor identification, odor discrimination and olfactory threshold. Chem. Senses. 22, 39–52 (1997).
 31. Oleszkiewicz, A., Schriever, V. A., Croy, I., Hähner, A. & Hummel, T. Updated Sniffin’Sticks normative data based on an extended 

sample of 9139 subjects. Eur. Arch. Oto‑Rhino‑L. 276, 719–728 (2019).
 32. Croy, I., Buschhüter, D., Seo, H. S., Negoias, S. & Hummel, T. Individual significance of olfaction: Development of a questionnaire. 

Eur. Arch. Oto‑Rhino‑L. 267, 67–71 (2010).
 33. Tombaugh, T. N. Trail Making Test A and B: Normative data stratified by age and education. Arch. Clin. Neuropsychol. 19, 203–214 

(2004).



10

Vol:.(1234567890)

Scientific Reports |        (2022) 12:17165  | https://doi.org/10.1038/s41598-022-21371-5

www.nature.com/scientificreports/

 34. Kessels, R. P., Van Zandvoort, M. J., Postma, A., Kappelle, L. J. & De Haan, E. H. The Corsi block-tapping task: Standardization 
and normative data. Appl. Neuropsychol. 7, 252–258 (2000).

 35. Arce, T. & McMullen, K. The Corsi block-tapping test: Evaluating methodological practices with an eye towards modern digital 
frameworks. Comput. Hum. Behavior Rep. 2021, 100099 (2021).

 36. Monaco, M., Costa, A., Caltagirone, C. & Carlesimo, G. A. Forward and backward span for verbal and visuo-spatial data: Stand-
ardization and normative data from an Italian adult population. Neurol. Sci. 34, 749–754 (2013).

 37. Costa, P. T., & McCrae, R. R. NEO five-factor inventory (NEO-FFI). Odessa, USA: Psychological Assessment Resources (1989).
 38. Borkenau, P., & Ostendorf, F. NEO-Fünf-Faktoren-Inventar (NEO-FFI) nach Costa und McCrae: Handanweisung (1993).
 39. Zigmond, A. S. & Snaith, R. P. The hospital anxiety and depression scale. Acta Psychiatr. Scand. 67, 361–370 (1983).
 40. Stern, A. F. The hospital anxiety and depression scale. Occup. Med. 64, 393–394 (2014).
 41. Herrmann, C., Buss, U., & Snaith, R.P. HADS-D Hospital Anxiety and Depression Scale—Deutsche Version. Ein Fragebogen zur 

Erfassung von Angst und Depressivität in der somatischen Medizin. Testdokumentation und Handanweisung (HADS-D A. Hinz, 
E. Brähler (1995)/Journal of Psychosomatic Research 71 (2011) 74–78 77 Hospital Anxiety and Depression Scale–German version. 
A questionnaire to assess anxiety and depression in somatic medicine. Test documentation and manual). (Bern: Huber, 1995).

 42. Ohayon, M. et al. National Sleep Foundation’s sleep quality recommendations: First report. Sleep Health 3, 6–19 (2017).
 43. Dienes, Z. Using Bayes to get the most out of non-significant results. Front. Psychol. 5, 781 (2014).
 44. Domurat, A. & Białek, M. Dowodzenie hipotez za pomocą czynnika bayesowskiego (bayes factor): Przykłady użycia w badaniach 

empirycznych. Decyzje. 26, 109–141 (2016).
 45. National Sleep Foundation: 2013 International Bedroom Poll (National Sleep Foundation, Arlington, 2013) http:// sleep found ation. 

org/ sites/ defau lt/ files/ RPT49 5a. pdf
 46. Desseilles, M., Dang-Vu, T. T., Sterpenich, V. & Schwartz, S. Cognitive and emotional processes during dreaming: A neuroimaging 

view. Conscious Cogn. 20, 998–1008 (2011).
 47. Hofer, M. K. & Chen, F. S. The scent of a good night’s sleep: Olfactory cues of a romantic partner improve sleep efficiency. Psychol. 

Sci. 31, 449–459 (2020).
 48. Perl, O., Arzi, A., Hairston, I. S., & Sobel, N. Olfaction and sleep. In Springer Handbook of Odor pp. 111–112 (Springer, Cham, 

2017).
 49. Herz, R. S. The role of odor-evoked memory in psychological and physiological health. Brain Sci. 6, 22 (2016).
 50. Diego, M. A. et al. Aromatherapy positively affects mood, EEG patterns of alertness and math computations. Int. J. Neurosci. 96, 

217–224 (1998).
 51. Lehrner, J., Marwinski, G., Lehr, S., Johren, P. & Deecke, L. Ambient odors of orange and lavender reduce anxiety and improve 

mood in a dental office. Physiol. Behav. 86, 92–95 (2005).
 52. Motomura, N., Sakurai, A. & Yotsuya, Y. Reduction of mental stress with lavender odorant. Percept. Mot. Ski. 93, 713–718 (2001).
 53. Nováková, L. M., Kliková, M., Miletínová, E. & Bušková, J. Olfaction-related factors affecting chemosensory dream content in a 

sleep laboratory. Brain Sci. 11, 1225 (2021).
 54. Burnett, K. M., Solterbeck, L. A. & Strapp, C. M. Scent and mood state following an anxiety-provoking task. Psychol. Rep. 95, 

707–722 (2004).
 55. Chioca, L. R. et al. Anxiolytic-like effect of lavender essential oil inhalation in mice: Participation of serotonergic but not GABAA/

benzodiazepine neurotransmission. J. Ethnopharmacol. 147, 412–418 (2013).
 56. Lee, S. J., Depoortere, I. & Hatt, H. Therapeutic potential of ectopic olfactory and taste receptors. Nat. Rev. Drug Discov. 18, 116–138 

(2019).
 57. Maßberg, D. & Hatt, H. Human olfactory receptors: Novel cellular functions outside of the nose. Physiol. Rev. 98, 1739–1763 (2018).
 58. Sergeeva, O. A. et al. Fragrant dioxane derivatives identify β1-subunit-containing GABAA receptors. J. Biol. Chem. 285, 23985–

23993 (2010).
 59. Levey, A. B. & Martin, I. Evaluative conditioning: Overview and further options. Cogn. Emot. 4, 31–37 (1990).
 60. Hummel, T. et al. The rewarding effect of pictures with positive emotional connotation upon perception and processing of pleasant 

odors—an FMRI study. Front. Neuroanat. 11, 19 (2017).
 61. Villemure, C., Slotnick, B. M. & Bushnell, M. C. Effects of odors on pain perception: Deciphering the roles of emotion and atten-

tion. Pain 106, 101–108 (2003).
 62. Masaoka, Y. et al. Analgesia is enhanced by providing information regarding good outcomes associated with an odor: Placebo 

effects in aromatherapy?. Evid. Based Complement. Altern. Med. CAM 2013, 5 (2013).
 63. Bensafi, M. et al. Perceptual, affective, and cognitive judgments of odors: Pleasantness and handedness effects. Brain Cogn. 51, 

270–275 (2003).
 64. Bensafi, M., Pouliot, S. & Sobel, N. Odorant-specific patterns of sniffing during imagery distinguish ‘bad’ and ‘good’ olfactory 

imagers. Chem. Senses. 30, 521–529 (2005).
 65. Kleemann, A. M. et al. Investigation of breathing parameters during odor perception and olfactory imagery. Chem. Senses. 34, 

1–9 (2009).
 66. Baus, O., Bouchard, S. & Nolet, K. Exposure to a pleasant odor may increase the sense of reality, but not the sense of presence or 

realism. Behav. Inf. Technol. 38, 1369–1378 (2019).
 67. Flavián, C., Ibáñez-Sánchez, S. & Orús, C. The influence of scent on virtual reality experiences: The role of aroma-content congru-

ence. J. Bus. Res. 123, 289–301 (2021).
 68. Rihm, J. S., Diekelmann, S., Born, J. & Rasch, B. Reactivating memories during sleep by odors: Odor specificity and associated 

changes in sleep oscillations. J. Cogn. Neurosci. 26, 1806–1818 (2014).
 69. Schredl, M., Hoffmann, L., Sommer, J. U. & Stuck, B. A. Olfactory stimulation during sleep can reactivate odor-associated images. 

Chemosens. Percept. 7, 140–146 (2014).
 70. Seo, H. S. & Hummel, T. Auditory–olfactory integration: Congruent or pleasant sounds amplify odor pleasantness. Chem. Senses. 

36, 301–309 (2011).
 71. Seo, H. S. et al. Cross-modal integration between odors and abstract symbols. Neurosci. Lett. 478, 175–178 (2010).
 72. Seo, H. S., Lohse, F., Luckett, C. R. & Hummel, T. Congruent sound can modulate odor pleasantness. Chem. Senses. 39, 215–228 

(2014).
 73. Goel, N. & Lao, R. P. Sleep changes vary by odor perception in young adults. Biol. Psychol. 71, 341–349 (2006).
 74. Bensafi, M. & Rouby, C. Individual differences in odor imaging ability reflect differences in olfactory and emotional perception. 

Chem. Senses. 32, 237–244 (2007).
 75. Zou, L. Q., van Hartevelt, T. J., Kringelbach, M. L., Cheung, E. F. & Chan, R. C. The neural mechanism of hedonic processing and 

judgment of pleasant odors: An activation likelihood estimation meta-analysis. Neuropsychology 30, 970 (2016).
 76. Mainland, J. & Sobel, N. The sniff is part of the olfactory percept. Chem. Senses. 31, 181–196 (2006).
 77. Anderson, A. K. et al. Dissociated neural representations of intensity and valence in human olfaction. Nat. Neurosci. 6, 196–202 

(2003).
 78. Croy, I. & Hummel, T. Olfaction as a marker for depression. J. Neurol. 264, 631–638 (2017).
 79. Sabiniewicz, A., Hoffmann, L., Haehner, A. & Hummel, T. Symptoms of depression change with olfactory function. Sci. Rep. 12, 

1–8 (2022).

http://sleepfoundation.org/sites/default/files/RPT495a.pdf
http://sleepfoundation.org/sites/default/files/RPT495a.pdf


11

Vol.:(0123456789)

Scientific Reports |        (2022) 12:17165  | https://doi.org/10.1038/s41598-022-21371-5

www.nature.com/scientificreports/

Author contributions
A.S.: writing of the manuscript, revision of the manuscript, data analysis; P.Z.: study design, revision of the 
manuscript, data analysis, data collection; G.A.O.: revision of the manuscript, data collection, data analysis; 
J.W.: study design, administrative support, supervision of project, revision of the manuscript; T.H.: study design, 
administrative support, supervision of project, writing of the manuscript, revision of the manuscript, data analy-
sis. All authors contributed to and have approved the final manuscript.

Funding
Open Access funding enabled and organized by Projekt DEAL.

Competing interests 
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https:// doi. org/ 
10. 1038/ s41598- 022- 21371-5.

Correspondence and requests for materials should be addressed to A.S.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

© The Author(s) 2022

https://doi.org/10.1038/s41598-022-21371-5
https://doi.org/10.1038/s41598-022-21371-5
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Effects of odors on sleep quality in 139 healthy participants
	Materials and methods
	Participants. 
	Odors. 
	Sleep quality measures. 
	Olfactory, cognitive and non-cognitive testing. 
	Olfactory function. 
	Cognitive testing. 
	Non-cognitive testing. 
	A description of a typical experimental session. 
	Data analyses. 
	Pilot study. 
	Psychophysical measures. 
	Sleep diary. 
	wSMD measures. 



	Results
	Pilot study: comparison of the pleasantness and intensity of the three odors. 
	Analyses of psychophysical measure. 
	Non-cognitive testing. 
	Olfactory testing. 
	Cognitive testing. 
	Analyses of the sleep quality measures obtained via sleep diary. 

	Analyses of sleep quality measures obtained via wSMD. 

	Discussion
	References


