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Subjectively intense odor does 
not affect dream emotions 
during rapid eye movement sleep
Satomi Okabe 1,2,3,4* & Takashi Abe 1*

Dreams experienced during rapid eye movement (REM) sleep have emotional features. Intervention 
methods for dream affectivity have recently garnered interest; we previously demonstrated that 
negative dreams were induced during REM sleep by exposure to favorable or familiar odors. However, 
the underlying mechanisms behind this phenomenon remain unclear. Thus, to address this gap, we 
investigated whether more intense odors could induce negative dreams, as odors tend to be perceived 
as more intense when they are preferred or familiar. Contrary to our hypothesis, the results of our 
study indicated that subjective intense odors did not induce negative dreams. We initially anticipated 
stronger odors to have a greater impact on dream emotionality, as they stimulate the brain more 
intensely. Notably, during arousal, weak odors tended to evoke a more potent olfactory response, 
while strong odors tended to produce a weaker response. To investigate whether this difference 
influenced the effects on dreams, we compared the respiratory activities of the strongly and weakly 
perceived odor groups; however, no significant differences were observed. Our findings suggest that 
subjectively perceived strong odors are unlikely to affect dream emotionality and may be processed 
differently than favorable or familiar odors.

Dreams during rapid eye movement (REM) sleep are characterized by emotional features1,2. The importance 
of studying dream emotionality has been emphasized owing to its clinical significance. Nightmares, which are 
dreams with excessively negative emotions, are associated with several mental illnesses, including depression3, 
suicide attempts4,5, insomnia6, and post-traumatic stress disorder7. Emotionality is an important variable for 
describing and understanding dreams as subjective experiences from a basic research perspective.

Odor is a useful stimulus for examining the processing of information during sleep8. Odors without trigemi-
nal components9,10 and mild trigeminal odors11 cause neither an increase in the arousal levels nor notice of 
odor presentation; moreover, several studies have reported odors to be processed during sleep8,12–14. However, 
during awakening, odor perception has highly variable individual differences15 that should be considered when 
implementing odors in sleep research.

Our previous studies16,17 revealed that specific individual variations in odor perception are related to the 
effects of olfactory presentation during REM sleep on dream emotionality. First, we investigated whether the 
effects of odor on dream emotionality were associated with individual variations in odor preference and found 
that only preferred odors induced more negative dream emotions16. In a subsequent study, we found that familiar 
odors also induced negative dreams17. Odor preference and familiarity are correlated with subjective inten-
sity ratings18–20. Since a more intense odor (stronger perceptual experience) generally results in stronger brain 
activity15, the findings of our previous studies16,17 could be attributed to odor preference and familiarity, reflecting 
how intensely the odor is perceived.

Moreover, odor sensitivity should also be investigated because it could be related to the perception of the odor 
intensity. The sensitivity and subjective intensity are very closely related perceptive characteristics. For example, 
some individuals with high sensitivities can perceive even low concentrations of chemical compounds, whereas 
others with low sensitivities can only perceive high concentrations. Several previous studies have indicated that 
repeated exposure to odors could increase sensitivity21,22, as well as subjective intensity23. However, the literature 
also indicated that the sensitivity and subjective intensity are independent indices and are not same or correspond 

OPEN

1International Institute for Integrative Sleep Medicine (WPI‑IIIS), University of Tsukuba, 1‑1‑1 Tennodai, Tsukuba, 
Ibaraki  305‑8575, Japan. 2Graduate School of Comprehensive Human Sciences, University of Tsukuba, 1‑1‑1 
Tennodai, Tsukuba, Ibaraki 305‑8575, Japan. 3Research Fellowship for Young Scientists (PD), Japan Society for the 
Promotion of Science, 5‑3‑1 Koujimachi, Chiyoda, Tokyo 102‑0083, Japan. 4Department of sleep‑wake disorders, 
National Center of Neurology and Psychiatry, 4‑1‑1 Ogawa‑Higashi, Kodaira, Tokyo  187‑8551, Japan. *email: 
satomiokabe.sleep@gmail.com; abe.takashi.gp@u.tsukuba.ac.jp

http://crossmark.crossref.org/dialog/?doi=10.1038/s41598-023-37151-8&domain=pdf


2

Vol:.(1234567890)

Scientific Reports |        (2023) 13:10442  | https://doi.org/10.1038/s41598-023-37151-8

www.nature.com/scientificreports/

to each other24,25. Repeated exposure to isobornyl acetate and citralva odors did not alter the participants’ subjec-
tive intensity ratings; however, their sensitivities to the odor improved26. Thus, it is important to examine not 
only the subjective intensity, but also sensitivity.

Therefore, the current study aimed to compare the effects of olfactory stimulation during REM sleep on dream 
emotionality between groups that perceived the odor as subjectively intense or weak. A sensitivity test was also 
conducted, and the correlation between sensitivity and the effect of odor on dream emotionality was investigated. 
Phenylethyl alcohol (rose-like odor; PEA) was used for olfactory stimulation, because it does not have trigeminal 
components27,28. PEA has been previously used in many sleep studies8,13,16,17,29. We hypothesized that the dreams 
of participants who perceived the odor as intense would be more emotionally negative by odor presentation and 
that high sensitivity would correlate with a stronger effect, thereby resulting in more negative dreams.

Methods
This study was conducted at the University of Tsukuba (Tsukuba, Ibaraki, Japan), approved by the Clinical 
Research Ethics Review Committee of the University of Tsukuba Hospital (ethics review number: R01-141), and 
registered in the University Hospital Medical Information Network Clinical Trials Registry (UMIN-CTR; study 
number: UMIN000039772). This study was also performed in accordance with the Declaration of Helsinki. All 
the participants provided written informed consent before participation in the study. The methods used in this 
study are consistent with those used in our previous studies16,17. Before starting the experiment, the participants 
were only informed that odor presentation would be conducted during sleep and not about the nature of the odor 
or when it would be presented to avoid subjective bias attributed to knowledge of odor presentation during sleep.

Participants.  To determine the target sample size, sample size calculation using a two-tailed test, with 
α = 0.05 and power = 0.8, was performed based on the data of our previous studies assuming that the effect size 
would be the same as that in the previous study. The target sample sizes were 14 participants per group for an 
effect size of the 2018 results16 (d = 1.12) and 9 participants for the effect size of the 2020 results17 (d = 1.43). We 
adopted the sample size of the 2018 study16 and added 6 additional participants to each group to account for 
discontinuation or withdrawal. Therefore, the target sample size was set at 20 participants per group, for a total 
of 40 participants.

First, the participants were recruited for screening. The inclusion criteria for screening participants were as 
follows: aged between 20 and 25 years, have no difficulty filling out Japanese-language documents, and were 
able to stay in the laboratory sleep chamber. The exclusion criteria were as follows: presently have or history of 
smell-taste disorders, presently have or history of sleep disorders, use drugs known to affect smell-taste func-
tions and sleep, have claustrophobia, confirmed or possible pregnancy, are currently breastfeeding, presently 
have or history of illness with a potential for sudden change, and were determined to be unsuitable for other 
safety reasons. According to these criteria, young healthy adults (n = 284; mean age: 22.0 ± 1.4; 130 men and 154 
women) were screened. All the participants provided written informed consent.

Second, screening was performed to determine the subjective intensity groups (i.e., intense or weak). The 
classification criteria for the subjective odor intensity of PEA were as follows: rating intensity of 1–3 for the weak 
group, and 6–9 for the intense group. Preference and familiarity were controlled by limiting these ranges inside 
the areas of the mean ± standard deviation (SD) of the distribution of previous data (preference: < 3 and > 6; 
familiarity: < 4 and > 7). Participants who passed the screening were fully informed of the description of the 
experiment and signed consent forms before the experiment.

Initially, the weak and intense groups were determined to be outside the areas of the mean ± SD of the dis-
tribution of intensity rating from our previous data16,17 (initial criteria: weak < 3, strong > 8). However, since 
the distribution of subjective intensity was different between the previous and present data (previous: 5.4 ± 2.1; 
present: 4.3 ± 2.1), we could not select a sufficient number of participants based on the original criteria. Thus, we 
had to change the criteria for participant recruitment before completing the experiment.

To summarize, a total of 40 participants took part in the sleep experiment (mean age: 21.6 ± 1.2 years; 20 men 
and 20 women; weak group: n = 20; strong group: n = 20). Of these, 7 participants (mean age: 21.9 ± 0.3 years; 4 
men and 3 women) were excluded from subsequent analyses according to our previous studies16,17: three noticed 
the stimulus presentation (dreams might be affected), and four reported that their REM sleep did not continue 
for sufficient lengths (protocols could not be completed). Thus, this study analyzed the data of the remaining 
33 participants (mean age: 21.5 ± 1.3 years; 16 men and 17 women; weak group: n = 17; strong group: n = 16).

Procedures.  In the screening session, the participants smelled the PEA, citral, and eugenol samples by sniff-
ing porous beads perfumed with 10% PEA (solvent: triethyl citrate) in a vial and answered a questionnaire con-
sisting of their subjective impressions of the odors using adjective scales. The scales ranged from 1 to 9, including 
intensity (1 [weak] to 9 [strong]), familiarity (1 [unfamiliar] to 9 [familiar]), and preference (1 [unpreferred] to 
9 [preferred]) (Table S1); 10% citral and 10% eugenol (solvent: triethyl citrate) samples were used as dummies 
to prevent participants from noticing or guessing the experimental stimuli; thus, the ratings of these odors were 
not used for participant selection. The researcher instructed that the participants could sniff the odor sample 
any number of times while they answered the questionnaire. Only the ratings of the PEA sample were used for 
participant selection.

In the sleep experiment session, the participants arrived at the laboratory 2 h before their usual bedtimes. They 
subsequently completed the State-Trait Anxiety Inventory30,31, Global Vigor and Affect32, and other visual analog 
scale items generated for the study (Table S2) to evaluate their pre-sleep conditions. After polysomnography, the 
participants went to the sleep chamber. The lights were turned off at their usual bedtimes (12:11 a.m. ± 1:05), 
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and after switching off the lights, the participants were allowed to sleep. Adaptation nights were taken place for 
all the participants to suppress the first night effect33.

PEA, as the experimental stimulus, and distilled water (DW), as the control stimulus, were presented in a 
counterbalanced order during the second and subsequent REM periods. The participants were woken up 1 min 
after the end of odor presentation and asked to report and rate their dreams. If the participant reported that they 
did not have dreams or if REM sleep did not continue for 10 min, the next REM period was provided for dream 
collection. After dream collection in the experimental and control conditions, the participants were allowed to 
sleep until their usual waking times.

Participants evaluated their post-sleep conditions the next morning after the experiment using the same 
questionnaire as that before sleeping. Subsequently, the participants underwent an examination to test their 
sensitivities to PEA, which was thought to be related to the perceived intensity of the odor and may correlate 
with its effects. For this examination, a standard odor set for panel selection (Daiichi Yakuhin Sangyo) was used. 
This set was constructed using nine concentrations of five chemical compounds, including PEA. In this study, 
only PEA was used. At the end of the experiment, the participants were informed about the timing of odor 
presentation and inclusion criteria for the subjective intensity of the PEA odor. The participants were also asked 
whether they noticed the odor stimulation.

Sleep recordings.  Polysomnography was performed during the adaptation and experimental nights. Six 
electroencephalograms (F3-A2, F4-A1, C3-A2, C4-A1, O1-A2, and O2-A1), two electrooculograms (left and 
right), and two submental electromyograms (bipolar leads) were performed according to the American Acad-
emy of Sleep Medicine (AASM) criteria34. Respiration was recorded using a thermistor (AP-C025, Miyuki 
Giken. Co., Ltd., Tokyo, Japan). Polymate Pro MP6100 (Miyuki Giken) Co., Ltd., Tokyo, Japan) was used for 
measurement. Sleep stages were scored according to the AASM criteria34.

REM awakenings, self‑ratings, and self‑reports of dreams.  The participants were woken up twice 
(control and odor conditions) during nocturnal sleep for reporting their dreams. First, they evaluated their 
dreams using the Emotional Tone8 and Dream Property (DP)35,36 Scales. Emotional tone8 is calculated accord-
ing to subjectively evaluated positive and negative dream emotion scores (0 = none, 1 = mild, 2 = moderate, and 
3 = strong). The negative score was subtracted from the positive score, and the resulting value was defined as the 
emotional tone. The DP Scale35,36 is a structured questionnaire with four dream property factors: emotionality, 
rationality, activity, and impression. This 7-point scale (1–7) contains 15 items to determine the dream charac-
teristics. The scores for each factor are calculated by summing the scores of the items within each factor. The 
emotionality factor included four items; hence, the minimum score is 4 (very negative dreams), and the maxi-
mum score is 28 (very positive dreams).

After the self-rating of dreams, the participants were asked, “What was on your mind before I woke you up?” 
After a pause during the reporting, the question, “Was there anything else?” was asked as follow-up three times.

During the sleep experiment, conversations between the participants and researcher were minimized. When 
the participants were in the sleep chamber, all communications were carried out through an intercom, and no 
face-to-face contact occurred. Moreover, the dream interviews were strictly structured. However, the researcher 
was not blinded to the order of the two experimental conditions (control and odor) or participant groups (weak 
and strong).

Olfactory stimulation.  An olfactory stimulation device was constructed for this study as shown in 
Fig. 1a,b. PEA and DW evaporated upon bubbling through a continuous airstream, each flowing at 4 L/min, 
through a Teflon tube. An air pump (HIBLOW CD-8S; TECHNO TAKATSUKI) was used to regulate airflow 
using a flowmeter with a precision needle valve (model 1250 series; KOFLOC).

The protocol for the stimulus presentation is shown in Fig. 1c. Stimulation began 10 min after the onset of 
the REM sleep period. In this study, REM sleep was scored in real time; therefore, REM sleep onset was defined 
as the point at which three features of REM sleep (low-voltage electroencephalogram record, muscle atonia, and 
REMs) were observed. The airflow from the device took 5 s to reach the participants. Each PEA airflow during 
the odor condition and DW airflow during the control condition was presented for 10 s. After the stimulation, a 
5-s odorless airflow (DW airflow) was added to clear the previous air. Therefore, the effective stimulation lasted 
for 10 s, whereas pre- and post-stimulation lasted for 5 s each (Fig. 1c). The switch-controlled device was installed 
outside the sleep chamber to minimize sleep disturbances caused by noise, light, or mechanical vibrations.

Post‑hoc analysis for respiration.  The findings of this study demonstrate that subjective intensity has 
no influence on dreams, as evidenced in the results section. This may be attributed to a potentially diminished 
sniffing response in the intense group. Therefore, we conducted an analysis to examine this possibility. The peak-
to-peak amplitudes of the waveforms were measured. For instances in which multiple respiratory waveforms 
were present within the interval, the amplitudes were computed as averages, yielding individual data for both 
the odor and control conditions. The average values were compared for each group (Fig. 2). After excluding three 
participants due to the absence of stimulation and two participants due to inadequate measurement data, this 
analysis included data from 28 participants.

Statistical analysis.  Pearson’s correlation coefficients were used to explore the correlation between the rat-
ings of subjective impressions of PEA at screening, as well as that between subjective intensity and sensitivity in 
the experiment. A two-tailed t-test was used to compare the backgrounds, pre- and post-sleep conditions, and 
experimental conditions between the groups. Analysis of variance (ANOVA) was used to examine the effects 
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of odor and subjective intensity ratings (groups) on dream emotionality. All the analyses were performed using 
IBM SPSS Statistics for Windows, version 27 (IBM Corp., Armonk, N.Y., USA). The alpha level was set at 0.05. 
Sample size calculation was performed using G* Power 3.1.9.4.37,38. Bayesian ANOVA was performed using JASP 
0.17.2.1.39.

Results
The ratings of subjective impressions of PEA from the screening session (n = 284) demonstrated significant cor-
relations between subjective intensity and familiarity; a more intense perceived odor was associated with more 
familiarity (r = 0.183; p < 0.01). Subjective intensity also correlated with preference, such that unpreferred odors 
tended to be perceived as more intense (r = -0.147; p = 0.01). The other correlation coefficients are listed in Table 1.

After the screening, 40 participants were recruited for the sleep experiment. Even after the exclusion of data 
(see details in the participants part of the methods section), no significant differences were observed in the odor 
preference scores between the weak and strong groups (mean ± SD: 4.9 ± 1.2 and 4.1 ± 1.1, respectively; two-
tailed t-test: t (31) = 1.88, p = 0.07) and familiarity scores (6.2 ± 0.8 and 6.3 ± 0.9, respectively; two-tailed t-test: t 
(31) = 0.25, p = 0.86). Therefore, the data from 33 participants were used in the subsequent analysis. Two-tailed 

a b

c

Switch
Air pump

Flowmeter

PEA

DW

Sleep chamber

Odor

REM periods onset awaken
PEA

DW (odorless)

DW (odorless)

10 min 5 s 10 s 5 s

Odor

Control

1 min

Figure 1.   Olfactory stimulation device and odor presentation protocol. The device allowed the presentation 
of evaporated phenylethyl alcohol (PEA) and distilled water (DW) in an airstream, according to the protocol. 
(a) Device structure: the airstream is generated by an air pump and regulated by a flowmeter. PEA and DW 
evaporated upon bubbling and passed through a Teflon tube, 350 cm in length. This device was located outside 
the sleep chamber; therefore, the noise and vibration of the device did not disturb sleep. (b) Attachment of the 
olfactory device to the participants: the stimulation was presented through the small orifice of the tube attached 
just below the nostrils of the participants. (c) The protocol: stimulation was initiated 10 min after the onset of 
the rapid eye movement (REM) sleep period. The airflow required 5 s to reach the participants from the device. 
PEA and DW airflows were presented for 10 s under odor and air conditions, respectively. After stimulation of 
the odor condition, the DW airflow was released for 5 s to remove air from the tube. The 5-s DW airflow was 
also applied to the control condition to match the protocol for both conditions. (a) and (b) are reworked from 
our previous papers16,17, and reuse is permitted by the publisher.
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Amplitude of
respiration #2
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Figure 2.   Post-hoc analysis for respiration. Black arrow: amplitude of respiration. Gray arrow: the period of 
stimulus presentation (10 s). Gray solid line: example of a respiration waveform.
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t-tests between the groups revealed no significant differences in the age, preference, and familiarity with PEA at 
screening, pre- and post-sleep conditions, time of stimulation, and sensitivity to odor (Table 2). Chi-square test 
revealed that the proportion of sex also did not differ between the groups (χ2 (1) = 0.279; p = 0.60). No signifi-
cant correlation was observed between the odor sensitivity and subjective intensity ratings (r = 0.167; p = 0.35).

We conducted two-factor repeated-measures ANOVA for the groups (weak and intense) and conditions 
(control and odor) concerning emotional tone8 (Fig. 3a,b) and emotionality of dreams35,36 (Fig. 3c,d). Both 
groups, conditions, and interactions had no significant effects. Other dream characteristics also demonstrated 
no significant effects (Table 3).

We also conducted Bayesian repeated-measures ANOVA to reveal whether the data were inconclusive or 
indicated a null hypothesis. BF01 (the index providing the evidence in favor of the null hypothesis) of the group, 
condition, and interaction were 2.936, 3.997, and 11.721, respectively. On the other hand, BF10 (favor of the 
alternative hypothesis) were 0.341, 0.250, and 0.085 (group, condition, interaction, respectively). According to 
the criteria of Kass & Raftery40, BF01 provided, weak (group) and positive (condition and interaction) evidence 
in favor of the null hypothesis, while BF10 did not provide evidence for the alternative hypothesis.

No significant correlations were identified between the effects of the odor (difference between odor and 
control condition on emotional tone8 and the emotionality of dreams35,36) and odor sensitivity (emotional tone: 
r = 0.133, p = 0.46; emotionality: r = 0.069, p = 0.71; Fig. 4).

In addition, we conducted two-factor repeated-measures ANOVA for the groups and conditions on respira-
tion amplitude (Fig. 5). The groups, conditions, or interactions demonstrated no significant effects (group: F (1, 
26) = 0.93, p = 0.34; condition: F (1, 26) = 1.22, p = 0.28; interaction: F (1, 26) = 1.60, p = 0.22).

Discussion
In the present study, a subjectively intense odor had no effect on the dream emotions. Our previous studies 
revealed that preferred and familiar odors induced negative dreams16,17. Odor pleasantness (hedonic strength) 
and familiarity ratings correlated with the intensity ratings18; therefore, we hypothesized that a subjectively 
intense odor might induce negative dreams and that high sensitivity would correlate with a more negative odor, 
similar to preferred and familiar odors. However, this hypothesis was not supported.

In a previous study, we discovered that preferred and familiar odors induced negative dream emotions, 
whereas unpreferred and unfamiliar odors did not affect dreams16,17. During wakefulness, pleasant odors are 
inhaled more often than unpleasant odors41. This sniffing response also occurs during sleep12. Our previous study 
may explain this sniffing response during REM sleep. Specifically, pleasant odors (preferred and familiar) are 
likely to be strongly inhaled, resulting in greater amounts of odor information reaching the brain and having a 
stronger influence on dreams. In contrast, no difference was observed in the dream emotionality between the 
two groups in this study. During wakefulness, strong odors are weakly inhaled, whereas weak odors are strongly 
inhaled42–44. Currently, no evidence suggests whether this sniffing response occurs during sleep; however, if it 
does, the results of this study could be explained by the sniffing response. Therefore, the hypothesized correlation 
between the subjective intensity of odors and their effects on dreams could have been underestimated owing 
to the weak inhalation of a subjectively intense odor. However, the post-hoc analysis of the sniffing response 
revealed that the intense group did not demonstrate a weaker sniffing pattern, thus negating the hypothesis that 
the subjective intensity of the odor correlated with its effect on dreaming. Additionally, our findings suggest that 
the relationship between odor sensitivity and dreams is inconclusive, thereby supporting the hypothesis that 
favorable and familiar odors that are perceived as intense odors have a stronger effect on dreams.

The amygdala is part of the brain network that underlies the genesis of negative emotions45 and therefore plays 
an important role in the emergence of unpleasant dreams46. The olfactory tubercle, which is situated near the 
amygdala, receives direct input from the olfactory bulb, and is responsible for the preference for familiar odors47. 
In contrast, the evaluation of odor intensity primarily occurs in the orbitofrontal cortex48 through the thalamus. 

Table 1.   Odor rating score and correlation with odor intensity. Means and (standard deviations) are shown. 
Several indices were significantly correlated with odor intensity ratings. *p < 0.05.

Mean (SD) Correlation coefficients (r) with odor intensity p

Cheap-expensive 4.79 (1.75) 0.094 0.11

Warm-cold 4.22 (1.95) 0.099 0.10

Masculine-feminine 6.26 (1.90) 0.022 0.71

Calm-activating 3.17 (1.62) 0.357* 0.00

Weak-intense 4.28 (2.05) – –

Have never smelled-have smelled 7.04 (1.86) 0.187* 0.00

Unfamiliar-familiar 6.26 (1.99) 0.183* 0.00

Nostalgic-novel 3.96 (1.64) 0.047 0.43

Feel distant from-feel close to 5.81 (1.84) 0.008 0.90

Positive–negative 4.14 (1.95) 0.103 0.08

Unattractive-attractive 5.47 (2.11) 0.035 0.55

Pleasant-unpleasant 3.95 (1.78) 0.276* 0.00

Unpreferred-prefer 5.85 (1.81) − 0.147* 0.01
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During sleep, the thalamus reduces sensory information transmission49. These differences in the processing 
pathways may account for variations in the results. Therefore, favorable and familiar odors induce unpleas-
ant dreams16,17, whereas subjectively intense odors may not impact dreams. Furthermore, these odor patterns 
contribute to differences in sniffing responses during sleep, by which pleasant odors are inhaled more strongly 
while asleep12 and awake41, and strong odors are inhaled weakly during wakefulness42–44 but not during sleep.

This study aimed to compare the effects of odors between participants who perceived the odors as more 
intense and weaker, than as neutral in the subjective intensity rating distribution. A significant difference was 
observed in the odor intensity ratings between the groups. Therefore, we were able to compare the odor effect on 
the dreams between the groups based on the subjective intensity rating. However, as shown in the Participants 
section, the initial inclusion criteria of the odor intensity rating, as determined by the distribution of our previ-
ous data16,17, did not correspond to the current study. The reason for the variation in the distributions between 
the current and previous studies is unclear16,17. One of the differences between the previous and present studies 
was the presence of dummy odors during screening in the present study. However, this difference in the protocol 
could have had little effect on the PEA ratings. To suppress the effect of dummy odors on the PEA odor ratings, 
we performed PEA ratings first and dummies second and third. The influence of the coronavirus disease-2019 
(COVID-19) pandemic should also be taken into consideration. Several studies have demonstrated COVID-19 
to impair odor perception50–52. We excluded participants with smell-taste disorders, but not those with histories 
of COVID-19.

Table 2.   Comparison of the pre- and post- sleep conditions, sensitivity for odor, and time of stimulation 
between the groups. Means and (standard deviations) are shown. Significant differences between the groups 
were not observed. STAI: State-Trait Anxiety Inventory30,31, GVA: Global Vigor and Affect32, VAS: visual analog 
scale constructed for our study. The value of sensitivity for odor indicates 10X, and the range of X were − 3 
(highest concentration) to − 7 (lowest concentration). In this study, the mean sensitivity was calculated using 
the X value and not the 10X value, according to a previous study58.

Weak Intense t p

Age 21.5 (1.1) 21.5 (1.5) 0.06 0.95

Pre-sleep condition

 STAI

  State anxiety 58.82 (7.30) 61.19 (8.35) 0.84 0.41

  Trait anxiety 51.76 (10.13) 54.69 (10.15) 0.80 0.43

 GVA

  Vigor 57.91 (14.17) 51.84 (9.61) 1.39 0.18

  Affect 69.96 (9.89) 73.04 (14.09) 0.62 0.54

 VAS

  Energy 51.71 (19.04) 46.50 (13.09) 0.88 0.38

  Tiredness 55.65 (16.86) 52.81 (17.03) 0.47 0.64

  Worry about own health 51.18 (27.79) 57.75 (24.45) 0.70 0.49

  Irritation 16.47 (19.47) 17.00 (16.52) 0.08 0.94

  Motivation 47.65 (20.74) 50.13 (15.83) 0.37 0.71

  Anxiety 35.71 (25.74) 35.25 (23.36) 0.05 0.96

  Depression 30.65 (25.80) 25.44 (23.86) 0.58 0.56

Post-sleep condition

 STAI state anxiety 62.00 (5.59) 62.00 (5.48) 0.00 1.00

 GVA

  Vigor 62.35 (14.29) 55.23 (14.05) 1.40 0.17

  Affect 74.93 (7.88) 70.23 (7.64) 1.68 0.10

 VAS

  Energy 46.82 (17.30) 47.75 (15.21) 0.16 0.88

  Tiredness 36.94 (25.39) 42.06 (14.95) 0.68 0.50

  Worry about own health 45.29 (30.68) 47.69 (23.08) 0.24 0.81

  Irritation 14.41 (16.45) 17.88 (13.61) 0.64 0.53

  Motivation 46.06 (20.31) 43.38 (10.08) 0.46 0.65

  Anxiety 20.29 (23.37) 23.19 (16.14) 0.40 0.69

  Depression 19.59 (23.36) 19.63 (16.44) 0.01 1.00

Time of stimulation

 Control condition 5:00:37 (1:48:30) 5:44:50 (1:40:50) 1.21 0.24

 Odor condition 4:42:25 (1:39:20) 5:09:54 (1:40:22) 0.79 0.44

Sensitivity for odor -5.24 (0.77) -5.41 (0.92) 0.58 0.57
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Our study has several limitations. In this study, the participants were limited to younger adults; therefore, 
the results cannot be generalized to other age groups. Olfactory perception declines with aging53–55. Therefore, 
when this study is applied to other age groups, the results could vary. In addition, we only used PEA odor as 
an experimental stimulus in this study. Thus, the effect obtained with the use of other types of odors is unclear. 
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Figure 3.   The effect of odor on the emotional tone and emotionality of dreams: comparison between individual 
differences on odor subjective intensity. (a,c) Violin plots. solid line: mean, dotted line: interquartile range. (b,d) 
Individual changes between conditions. White indicates odorless control condition. Gray is odor condition with 
PEA odor. Each small circle indicates individual data. There were no significant main effect and interaction. 

Table 3.   Analysis of variance of the effect of odor on the dream rating. Means and (standard deviations) are 
shown. Degrees of freedom: 1; degrees of freedom for error: 29. No significant effects or interactions were 
observed. DPS: Dream property scale35,36.

Weak Intense F

Control Odor Control Odor Group Condition Interaction

Emotional tone 0.88 (1.50) 0.35 (1.27) 0.63 (1.26) 0.25 (1.53) 0.01 2.74 0.21

Bizarreness of DPS 16.50 (5.66) 15.13 (5.75) 13.25 (7.28) 12.25 (6.24) 3.46 1.05 0.15

Emotionality of DPS 17.31 (5.30) 16.88 (3.22) 16.50 (4.07) 16.69 (4.57) 0.10 0.07 0.19

Impression of DPS 16.71 (4.87) 16.88 (4.96) 16.56 (4.11) 15.94 (4.70) 0.94 0.93 0.51

Activity of DPS 13.12 (3.14) 12.59 (3.71) 11.19 (3.76) 11.81 (3.19) 1.05 0.08 1.52
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Figure 4.   Correlation between odor sensitivity and the effects of odor on dreams. The gray points represent 
individual data, and the darker areas indicate overlapping data. The x-axis indicates sensitivity to odor: the 
lowest concentration that can be perceived by individual participants. The y-axis indicates the effects of odor 
on dreams: the difference in dream ratings between the odor and control conditions. (a) Emotional tone of 
dreams8. (b) Emotionality of dreams35,36. No significant correlations were identified on both scatter plots.
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Figure 5.   The effects of odor on amplitude of respiration (a) Violin plots. solid line: mean, dotted line: 
interquartile range. (b) Individual changes between conditions. White indicates odorless control condition. Gray 
is odor condition with PEA odor. Each small circle indicates individual data. There were no significant main 
effect and interaction.
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Several odors have general (not subject specific) effects on emotion56 and sleep57; thus, in the case of such odors, 
the general effects could confound to the effects selective to individual variation that we previously reported16,17.

In conclusion, this study indicates that individual variations in odor intensity do not affect dream emotional-
ity, contrary to the hypothesis based on our previous study that studied individual variations in odor preference16 
and familiarity17.

Data availability
The datasets used during the current study are available from the corresponding author upon reasonable request.
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