
INTRODUCTION

Many mid-life women suffer from physiological and/or psycho-
logical menopausal symptoms [1]. They experience a menopausal 
transition period called ‘perimenopause,’ which is defined as the 
period immediately before menopause and the first year after 
menopause [2]. Although cessation of menstruation is unavoid-
able, women who have severe menopausal symptoms have a very 
low quality of life ratings [3]. Women may experience a more nega-
tive mood during perimenopause than in other periods of life, 

which may lead to mood disorders [4-6]. 
Mid-life women’s brains have distinct characteristics than in 

other periods of life. During mid-life, women experienced not 
only physical but also neurological transition [1]. According to 
Frey et al. [7], the brain network for emotional regulation may shift 
during the menopausal transition and early postmenopausal years. 
They suggested that these changes possibly contribute to the oc-
currence of mood and anxiety symptoms in midlife women (peri-
menopausal/postmenopausal women). Midlife women displayed 
increased activation in the dorsolateral prefrontal cortex during 
the emotional task, although amygdala engagement was not re-
vealed. Amygdala showed significant deactivation in response to 
fearful faces. This brain activity was contrary to the observation 
in young adults [8]. Another study demonstrated significantly dif-
ferent EEG mapping between the menopausal syndrome patients 
with depression and healthy controls [9]. Their results suggest that 
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a deteriorated vigilance in the mid-life women’s brain could lead 
to a decreased ability to adapt the daily problems in a complicated 
life. 

Although attempts have been made to alleviate psychological 
menopausal symptoms, most studies approached from a hormone 
perspective. Estrogen-containing hormone therapy (HT) was used 
to treat menopausal symptoms, however, compared to the primary 
indication of HT, such as vasomotor symptoms, the reported al-
leviation effects in the neurological functions were inconsistent 
[10]. In addition, the functional magnetic resonance imaging 
study revealed that HT does not modify emotion-induced brain 
activity in postmenopausal women [11]. The brain activity of the 
amygdala or ventrolateral prefrontal cortex showed no significant 
difference between the HT group and the control group when pre-
senting negative, neutral, and positive scenes. They concluded that 
HT did not affect recognition, valence, or arousing ratings in older 
women. Furthermore, HT usage in mid-life women has decreased 
since the Women’s Health Initiative study in 2002 [12]. This study 
was stopped early because of increased risks of breast cancer, pul-
monary embolism, coronary heart disease, and stroke than the 
placebo group. And it affected concerns towards HT use among 
mid-life women [13].

As an alternative, inhalation of fragrances may alleviate psy-
chological menopausal symptoms. Hedonic perception of fra-
grances modulates the physiological and psychological states of 
people [14]. Fragrances also are known to evoke various affective 
responses [15, 16]. Pleasant fragrances tend to evoke positive 
moods, while unpleasant odors enhance negative moods [17-19]. 
Fragrances have reported stress-relief effects, as revealed using 
psychophysiological methods such as electromyography [20] 
and EEG [21]. Among all senses, olfaction closely interacts with 
emotion processing [22-24]. The olfactory neuroanatomy shows 
monosynaptic axonal connections from the olfactory bulb to the 
primary emotion area, the amygdala [25, 26]. This anatomical 
point of view explains that fragrances could interact with emotion 
processing in the brain [24]. In perimenopause, some fragrances 
reported alleviation effects in stress, depressive symptoms, and 
anxiety symptoms [19, 27-30]. Schiffman et al. [19] reported that 
participants exposed to pleasant fragrances for five days answered 
alleviation of their feelings of tension, depression, and confusion. 
Another study reported positive mood change and alleviation 
of menopausal symptoms after massage with essential oils [30]. 
These studies showed that fragrances could positively modulate 
the physiological and psychological states. In addition, fragrances 
showed alleviation of menopausal symptoms. However, it is not 
yet known how fragrances change brain signals in women suffer-
ing from menopausal symptoms. 

It is important to study whether the fragrance acts on the brain 
of mid-life women to relieve psychological symptoms. Because we 
can understand how fragrances influence on the mid-life women, 
and characterize how fragrances change the shifted emotional 
brain network of mid-life women. Moreover, we can quantify 
fragrance effects directly with brain signals using EEG. Six EEG 
indexes were used to quantify fragrance effects: theta, alpha, beta, 
gamma [31], alpha asymmetry (valence index), and β/α ratio 
(arousal index) [32]. We observed correlation pattern changes 
between EEG indexes and psychological symptoms by fragrances. 
We also compared which fragrance could revert to brain signals as 
similar as before stress stimulation brain state using linear regres-
sion pattern changes. 

In this study, we evaluated the effect of fragrances on mid-life 
women. We hypothesized that fragrance could restore mid-life 
women’s brain response to the stressful situations compared to no 
odor condition. We presented negative affective pictures (NAPS), 
which can induce stressful valence [33]. For the fragrances stimuli, 
lavender (L), olibanum (O), palmarosa (P), blended fragrances 
based on olibanum (O29), and blended fragrances based on pal-
marosa (P12) were mainly tested in this study. The ‘lavender’ was 
selected as a positive control because lavender has already been 
well studied its anxiolytic, sedative, anti-depressive, and calming 
properties through previous studies [34-36]. Other essential oils 
were selected by the pre-test. We measured EEG to observe emo-
tional state changes in the brain and how influenced by fragrances. 
We focused on how fragrances changed EEG indexes, depending 
on menopausal symptom severity (Kupperman menopausal index 
(KI) [37]). This study will be helpful in understanding how mid-
life women maintain their mental health despite the increasing 
risks of mood disorders.

MATERIALS AND METHODS

Participants

Thirty mid-life women participated in this study; one of them 
was excluded because of task non-compliance and another one be-
cause of health problems (n=28, mean age: 49.75±3.49, age range: 
43~56) (S1 Table). All participants were right-handed and had no 
history of psychological or neurologic diseases. The olfactory func-
tion was tested by a Sniffin’ Sticks test kit (Burghardt, Wedel, Ger-
many), which determines odor threshold and discrimination abil-
ity [38]. These odor threshold tests and discrimination tests were 
performed shortly before recording EEG. Only those who passed 
the odor threshold and discrimination ability could participate in 
the experiment. The experimental procedures were approved by 
the Clinical Research Information Service (KCT0005318), and the 
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Institutional Review Board Ethics Committee, Daegu Gyeongbuk 
Institute of Science and Technology (DGIST-160909-HR-015-02). 
All participants gave their written informed consent prior to par-
ticipating in the experiment. All experiments were performed in 
accordance with all relevant guidelines and regulations.

Negative affective pictures preparation

Negative affective pictures were prepared using the database of 
the Nencki Affective Picture System (NAPS) [33], which contains 
1,356 high-quality pictures of five categories: people, faces, ani-
mals, objects, and landscapes. To induce negative affective emo-
tion during the experiment, we selected the high arousal, and low 
valence scored pictures by women participants to make visual 
stimuli (S2 Table). The score range was from 1 to 9, which repre-
sented 1 means negative valence and low arousal. We prepared six 
sets of visual stimuli (20 negative valence pictures per set; 500-ms 
blank between pictures) to avoid presenting repeated stimuli—
five categories of pictures evenly distributed for these six sets. The 
score of each set is significantly different from the middle (i.e., 
score 5). There was no significant difference between each NAPS 
set (Arousal; 6.10±0.09 (SD), Valence; 3.54±0.05 (SD)).

Fragrance preparation

Lavender (L), olibanum (O), palmarosa (P), blended fragrances 
based on olibanum (O29), and blended fragrances based on pal-

marosa (P12) were mainly tested in this study (‘lavender, Lavan-
dula angustifolia oil ’, ‘olibanum, Boswellia carterii oil ’, ‘palmarosa, 
Cymbopogon martini oil ’ from Robertet, Grasse, France). These 
fragrances were given from Amore Pacific (Yong-In, Republic 
of Korea), and selected by preference test (S1 Fig.). Blended fra-
grances O29 and P12 were made based on the olibanum and pal-
marosa each (also given by Amore Pacific). O29, which contains 
mainly olibanum essential oil, also contains lavender, palmarosa, 
patchouli, chamomile, clary sage, shiu, and nutmeg. P12, contains 
mainly palmarosa, also contains lavender, patchouli, bergamot, 
rose, shiu and ylangylang. The fragrances of essential oils were 
diluted to 3% (v/v) in dipropylene glycol. Each diluted fragrance 
(20 µl) was dropped on filter paper, which was then placed in a 
conical tube until presented to participants. Each tube was labeled 
with a number for a blind test. For the blind test, each filter paper 
was presented about 2 cm below the nostrils by hand during the 
fragrance conditioning period for 10 s (Fig. 1).

Experimental procedure

EEG and skin conductance were recorded in an olfactory cham-
ber. Participants had time to stabilize their mood for about 1~2 
min before the trial began. Participants sat in front of a monitor 
screen; the following presentation order was used: baseline period 
(10 s) - negative affective pictures presentation (90 s) - fragrance 
period (10 s) (Fig. 1). During fragrance period, the participants 
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inhalated randomly presented with one of the fragrances or odor-
less solvent (no-odor condition). After each fragrance test set was 
completed, participants responded on a 7-point scale as to how 
fragrance relieved tension in the previous set of experiments. 
Then, participants took a rest during olfactory chamber ventila-
tion for at least 1 minute. Each participant attended EEG and skin 
conductance recording for all conditions in one day. 

Survey

The severity of participants’ menopausal symptoms was deter-
mined using the KI [37]. The total KI score was calculated accord-
ing to a previous study. Factors had different weighting during the 
calculation: hot-flash score (X4), sweating (X2), sleep disorders 
(X2), irritability (X2), depressed mood (X1), dizziness (X1), tired-
ness (X1), joint pain (X1), headaches (X1), heart pounding or 
palpitations (X1), genital problems (X1). Menopausal symptoms 
were analyzed separately in five categories: ‘depressive symptoms,’ 
‘anxiety symptoms,’ ‘somatic symptoms,’ ‘vasomotor symptoms,’ and 
‘vaginal dryness’ [39]. Depressive symptoms contained three items: 
feeling unhappy or depressed, feeling tired or lacking energy, ir-
ritability. Anxiety symptoms were difficulty in sleeping and fast or 
strong heartbeat. Somatic symptoms contained three items: muscle 
and joint pains, headaches, and feeling dizzy or fainting. Vasomo-
tor symptoms were hot flushes and night sweats. The vaginal dry-
ness category included vaginal dryness and reduced secretion. The 
answers were rated as follows: none (0), mild (1), moderate (2), and 
severe (3). Scores of categories were averaged and compared with 
scores of other categories. 

Fragrance relaxed effect was measured on 7-point scales after 
each test set, which showed NAPS. The question was written in 
Korean. Participants answered to ‘The tension seems to be alleviat-
ing.’ after inhalation fragrances. The answers were rated as follows: 
strongly disagree (1), disagree (2), somewhat disagree (3), neutral 
(4), somewhat agree (5), agree (6), strongly agree (7). Participants 
answered to “How do you like this fragrance?” for rating fragrance 
preference. The answers were rated as follows: dislike extremely (1), 
dislike very much (2), dislike slightly (3), neither like nor dislike (4), 
like slightly (5), like very much (6), like extreamly (7).

Autonomic sympathetic activity measure and analysis

Skin conductance is measuring changes in sympathetic arousal, 
which can be quantified using two points of skin contact [40]. It is 
known as the only autonomic psychophysiological variable which 
is not contaminated by parasympathetic activity. To use as an in-
dex of sympathetic activity, we measured skin conductance using 
Biopac MP 36 system (sampling rate=1,000 Hz) (BIOPAC Sys-
tems., Goleta CA, USA). The raw data was obtained using Biopac 

Student Lab software (BIOPAC Systems., Goleta CA, USA), and 
further analysis was done with MATLAB R2018a (MathWorks, 
Natick, MA, USA). The skin conductance level (SCL; reflect gen-
eral changes in autonomic arousal) was calculated by (average SCL 
data during fragrance periods)– (average SCL data during baseline 
periods).  

EEG data acquisition

EEG was recorded using an EEG amplifier (Active Two, Biosemi, 
Amsterdam, Netherlands) with an 8-channel system (sampling 
rate=2,048 Hz). The measured 8-channel sites were AF3, AF4, C1, 
C2, C5, C6, O1, and O2. The eight channels were located at the 
prefrontal cortex (AF3, AF4), pre-parietal cortex (C1, C2), and 
anterior and posterior transverse temporal cortex (C5, C6), and 
occipital cortex (O1, O2). These locations corresponded to the left 
and right frontal, parietal, temporal, and occipital lobes. The Ag/
AgCl scalp electrodes were placed on an EEG cap (64ch, Biosemi), 
which was placed on channels followed by a 10~20 international 
system. We used the common-mode-sensor (CMS) and driven-
right-leg (DRL) electrodes as reference electrodes. During record-
ing, impedances were below kept 15 kΩ.

EEG pre-processing and power spectrum analysis

For data extraction, the sampling rate of 2,048 Hz was reduced to 
512 Hz. The 8 EEG channels were filtered offline with a band-pass 
between 0.5 and 100 Hz to exclude noise caused by skin potentials 
and muscle artifacts. For data analysis, we extracted the power 
spectral density from the raw EEG data sets. We extracted four fre-
quency bands: theta (4~8 Hz), alpha (8~13 Hz), beta (13~30 Hz), 
and gamma (30~40 Hz). Epoch for analysis was extracted from 
the baseline and fragrance conditioning periods. Each averaged 
power spectral density during the fragrance presentation was nor-
malized by the baseline (‘fragrance condition period’ – ‘baseline’). 
Alpha asymmetry was used as a valence index. Low alpha asym-
metry was interpreted as negative emotions [41]. The frontal alpha 
power asymmetry index (AF4 – AF3) was calculated to measure 
negative feelings. β/α ratio was used as an arousal index. The beta 
wave is associated with the alert state of mind, whereas the alpha 
wave is higher in relaxed individuals [32]. The β/α ratio of each 
channel was calculated during odor conditioning. Then, the β/α 
ratio during the baseline period was subtracted from that during 
the fragrance conditioning periods for each channel for normal-
izing. Representative data were the mean values of the eight chan-
nels. The EEG was analyzed with MATLAB R2018a (MathWorks, 
Natick, MA, USA) and EEGLAB toolbox (EEGLAB, Boston, MA, 
USA) [42].
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Statistical analysis

For statistical analysis, we used GraphPad Prism 5 software 
(GraphPad Software, Inc., La Jolla, CA, USA) and MATLAB 
R2018a. To assess the relationships between menopausal symp-
tom severity and brain activity, we used Spearman’s correlation. 
For each statistical analysis, we used a two-tailed p-value. Linear 
regression analysis was applied as indicators of pattern changes 
after presenting fragrances. The line of best-fit was calculated us-
ing GraphPad Prism 5 software. For detecting outliers, a cook's 
distance was used.

RESULTS

To understand the effects of fragrance on the negative emotion 
of mid-life women, we first set an experimental design that in-
duces negative affective emotion. For inducing negative affective 
emotion, we made negative affective pictures (NAPS) set using the 
NAPS database [33] (Fig. 1). We made 6 set for inducing negative 
emotion (no-odor, L, O, P, O29, P12). Each set consisted of signifi-
cantly low valence and high arousal pictures and was no signifi-
cantly different among the set (S2 Table). We focused on changes 
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in EEG indexes after presenting NAPS.
We found that the total KI score showed a tendency of correlated 

pattern with the alpha power and β/α ratio by regression analysis 
(Fig. 2b and e, r2=0.16, r2=0.15 each). Because regression analysis 
is vulnerable to outliers, we verified the regression model with 
outlier rejected data (S3 Table). Specifically, alpha power showed 
a marginally significant decrease by the total KI score increase 
(t=-2.58, p=0.016), and the β/α ratio shown the opposite pattern 
(t=2.065, p=0.050). We found that alpha power increased model 
performance while using outlier rejected data, and the β/α ratio 
does not change as well. Age has no significant correlation with 
both total KI score (S2 Fig.) and EEG indexes (S3 Fig.).

Secondly, we performed a correlation analysis between EEG 
indexes and KI categories. KI survey can be categorized by symp-
toms as psychological and physiological [39]. Interestingly, we 
found that only psychological symptoms correlated with EEG 
indexes, specifically, the alpha power, beta power, and β/α ratio 
(Table 1; psychological symptoms column). Alpha power showed 
significantly correlated with the anxiety symptoms and marginally 
significantly with the depressive symptoms. Beta power showed 
marginally significantly with the anxiety symptoms, and β/α ratio 
showed significantly correlated with depressive symptoms and 
marginally significantly with the anxiety symptoms. However, 
physiological symptoms had no significant correlations with the 
EEG indexes (Table 1; physiological symptoms column).

We observed different alpha power, beta power, and β/α ratio af-
ter NAPS depending on menopausal factors (KI score, depressive 
symptoms, and anxiety symptom severity). Based on these indexes, 
we evaluated fragrances’ effects on psychological menopausal 
symptoms in the brain. We used fragrances which selected by ‘re-
laxation effect’ and ‘preference’ of responses from mid-life women 
in the pre-test (S1 Fig.). Before evaluating fragrances’ effect on the 
brain, we first verified whether fragrances affected behavioral or 
autonomic sympathetic activity. We found that except P, most of 

the fragrances rated significantly or marginally (P12, p=0.065) 
above score 4 (the middle) in ‘relaxed effect’ (Fig. 3a). Although no 
statistical significance, skin conductance showed decreased pat-
terns compared to no-odor condition overall fragrance conditions 
(Fig. 3b).

To evaluate fragrances’ effect in the brain, we made the five devia-
tion data sets between fragrance conditions and no-odor condi-
tion (L, O, P, O29, and P12). Using deviation data sets, we firstly 
observed average patterns of alpha power, beta power, and β/α ra-
tio during fragrance inhalation (Fig. 4a~c). However, these average 
patterns showed no significant difference from no-odor condition 
(Two-sample t-test, two-tail). Subsequently, we performed a regres-
sion analysis between the deviation data set and menopausal fac-
tors (KI score, depressive symptoms, and anxiety symptoms). Each 
fragrance’s linear regression pattern showed the line that best fits of 
data points using ordinary least-squares regression (Fig. 4d~l). 

We found significantly correlated patterns between alpha power 
and anxiety symptoms (Fig. 4f). Moreover, the β/α ratio also showed 
a significant correlation between depressive and anxiety symptoms 
(Fig. 4k and l). Specifically, O29 and P12 significantly induce in-
creasing alpha power, especially on having higher anxiety symptom 
participants (t value=2.63 and 2.15 each) and L in β/α ratio also in-
crease alpha power unless having less significance (p=0.055, t=2.01). 
Depressive symptoms only have an increasing tendency with O29 
(p=0.055, t=2.01) but no statistically significant with other fra-
grances (Fig. 4e and S4 Table). In the β/α ratio, O29, P12, and L have 
significantly affected fragrances (Fig. 4k and l). 

O29 decreased β/α ratio on overall menopausal factors (Fig. 4j~l 
and S4 Table, marginally significant on KI score, p=0.06). O and 
P also induced a decreasing tendency on depressive symptoms 
(Fig. 4k and S4 Table, p=0.073, p=0.062 each). Subsequently, we 
found that these fragrances affect more strongly to participants 
who rated comparatively higher menopausal factors rather than 
affected overall or lower rating participants (S4 Fig.). Fragrances 

Table 1. Correlation between EEG indexes and KI categories

Psychological symptoms Physiological symptoms

Depressive 
symptoms

Anxiety 
symptoms

Somatic 
symptoms

Vasomotor 
symptoms

Virginal 
dryness

Theta power -0.25 (p=0.20) 0.03 (p=0.86) -0.11 (p=0.58) 0.00 (p=0.99) -0.15 (p=0.44)
Alpha power -0.34 (p=0.076) -0.43* (p=0.022) -0.18 (p=0.35) -0.24 (p=0.22) -0.03 (p=0.88)
Beta power -0.09 (p=0.65) -0.36 (p=0.064) -0.29 (p=0.13) -0.22 (p=0.26) 0.24 (p=0.23)
Gamma power 0.33 (p=0.083) -0.02 (p=0.93) 0.10 (p=0.61) -0.20 (p=0.30) 0.21 (p=0.28)
β/α ratio 0.40* (p=0.033) 0.36 (p=0.061) 0.14 (p=0.47) 0.25 (p=0.20) 0.10 (p=0.61)
Alpha asymmetry 0.00 (p=0.99) -0.20 (p=0.32) -0.09 (p=0.66) -0.06 (p=0.75) 0.18 (p=0.37)

Spearman's correlation coefficients (rho) (two-tailed; in parentheses) are listed. Asterisks denote statistical significance (*p<0.05). Alpha and beta power 
showed a significant correlation with psychological but no physiological symptoms. The β/α ratio also showed significant rho only for psychological 
symptoms.
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significantly decrease the slope of the no-odor regression patterns 
at β/α ratio but no significant changes in the y-axis direction. In 
contrast, no fragrance induced beta power change depending on 
menopausal factors.

We evaluated fragrances’ effect, however, this may be very lo-
cally or dispersedly effect to the brain. To verify how fragrance 
globally affects the brain, we observed overall channels change by 
comparing no-odor and fragrance conditions (Fig. 5). We found 
that fragrances altered EEG indexes locally or dispersedly in total 
channels, especially alpha and beta, with the total KI and depres-
sive symptoms (Fig. 5a, b, d, and e). In contrast, fragrances altered 
EEG indexes globally on anxiety symptoms compared to other 
menopausal factors (Fig. 5c and f). In the β/α ratio, most fragrances 
affected globally on overall menopausal factors (Fig. 5g~i).

We additionally investigated whether the psychological evalu-
ation of fragrance could reflect in the brain signal or not. We as-
sumed that if fragrance preference has a positive correlation with 
alpha or negative correlation with β/α ratio, psychological influ-
ence may affect EEG in our experimental design. Thus, we per-
formed the Spearman’s correlation analysis between EEG indexes 
and the fragrance preference score (Fig. 6). We found that each 
fragrance preference scores showed a weak negative correlation 
with alpha power (number of XY Pairs=140, rho=-0.22, p=0.0078, 
two-tailed), a weak positive correlation with beta power (rho=0.18, 
p=0.031), and a weak positive correlation with β/α ratio (rho=0.24, 
p=0.0041). 

DISCUSSION

Here, we found that fragrances increased alpha power and de-

creased β/α ratio depending on the severity of menopausal symp-
toms in a stressful situation. To answer whether fragrance could 
positively modulate brain signals in mid-life women, we firstly 
verified brain signals (Fig. 2). From the previous studies, we could 
predict shifted brain network for emotional regulation [7], and 
menopausal symptom dependent EEG power [9]. We could char-
acterize brain signals of midlife women in a stressful situation us-
ing negative affective pictures system (NAPS), which scored high 
arousal and negative valence [33]. We found psychological meno-
pausal symptoms (not in physiological menopausal symptoms) 
correlated with EEG indexes, the alpha power, beta power, and β/α 
ratio (Table 1). Then, we observed whether fragrance could restore 
the symptom-dependent EEG indexes. Our EEG results verified 
the relaxing effects of fragrances [34, 36, 43-46]. The EEG pat-
tern of Fragrances showed the possibility to alleviate menopausal 
symptoms [28, 30, 47, 48], reported previously, and showed similar 
relaxing effects with behavioral or autonomic sympathetic activ-
ity in Fig. 3. Interestingly, only EEG results showed that fragrances 
affect more strongly to mid-life women with severe menopausal 
symptoms (Fig. 4). The survey and skin conductance level showed 
no significant correlation with menopausal symptoms severity 
(S5 Fig.). By measuring brain signal, it was possible to reveal the 
effect of fragrance according to menopausal symptoms severity, 
which could not be verified by other measurement methods. The 
topographical EEG pattern showed that increased anxiety symp-
toms, EEG indexes from almost channels were more changed by 
fragrance, on the other hand, increased depressive symptoms, 
EEG indexes from locally or dispersedly within entire channels 
were more changed by fragrance (Fig. 5). It means that fragrances 
showed symptom-specific activation patterns in mid-life women’s 
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brains. Lastly, we checked that psychological influence in our EEG 
data, and it showed a weak negative correlation with alpha and 
weak positive correlation with β/α ratio, which means that fra-
grance preference did not affect to modulation of relaxation effect 
related EEG indexes. Our results may suggest that fragrances could 
alleviate menopausal anxiety or depressive symptoms by modulat-
ing responses in the brain. 

We found that alpha power and β/α ratio reflected the character-
istics of brain response to NAPS according to psychological meno-
pausal symptoms (Fig. 2, Table 1). In our study, by subdividing the 
KI questionnaires into psychological symptoms and physiological 

symptoms, we found that alpha power and β/α ratio were related 
to psychological but not physiological menopausal symptoms (Ta-
ble 1). These alpha power and β/α ratio have reported the associa-
tion with emotional changes [32, 49-51]; the state of relaxation or 
decreased anxiety corresponds to an increase in alpha activity [50]. 
Besides, alpha power shows a negative correlation with subjective 
arousal level ratings [49]. The β/α ratio is known as an index of the 
arousal state because beta power is associated with an alert or ex-
cited state, and alpha power is more dominant in a relaxed state [32, 
51]. In this study, we could confirm the changes in alpha power 
and β/α ratio in the stressful conditions. 
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However, under our experimental condition, we did not ob-
serve such changes in other frequency band powers (i.e., theta, 
beta, gamma) and frontal alpha asymmetry (FAA). According to 
a previous study, menopausal syndrome patients with depression 
showed significantly different EEG mapping with healthy women 
[9]. The patients characterized by decreased total power and at-
tenuated alpha power. Furthermore, they showed the lower FAA 
in menopausal syndrome patients with depression than healthy 
women. Depressed patients showed lower alpha power in the right 
than the left frontal lobe. We also expected that total power and 
FAA are decreased in women with severe menopausal symptoms, 
however, there was no significant difference. The reason for the 
different results is probably we recruited participants who had no 
diagnosis of neurological disorders and used NAPS for the stimuli 
for our experimental design. The FAA pattern reported that de-
creased only at CES-D greater than 16 [52], which is a cut-off for 
depression diagnosis [53] (depression is diagnosed at CES-D score 
>16). Since we recruited healthy mid-life women (not depressed 
patients), the FAA pattern seems different. In addition, a previous 
study measured EEG during lying relaxed with closed eyes. In our 
study, to set up an event-related and controlled brain state among 
participants, we presented negative affective pictures during EEG 
recording. This set up allowed us to find psychological symptom-
specific modulation of alpha power and β/α ratio in the response 
of stressful situations in the mid-life women. 

Our novel finding is fragrances reduced the difference of brain 
response to stressful stimuli between participants with severe and 
light psychological symptoms. Participants answered that most of 
the presented fragrances have relaxed effects after stressful stimuli 
(Fig. 3). However, fragrance preference survey ratings were not 
reflected in EEG signals (Fig. 6). Instead of a hedonic evaluation 
of fragrance, alpha power, and β/α ratio were changed by each pre-
sented fragrance depending on the severity of anxiety or depres-
sive symptoms (Fig. 4). In no-odor condition, participants with 
severe psychological symptoms seemed to have lower stress cop-
ing ability in the brain than participants with light psychological 
symptoms (Fig. 2, Table 1). The reason why we interpret this result 
is that their linear regression line showed a larger alpha and β/α 
ratio difference from the baseline than participants with light psy-
chological symptoms. To alleviate the psychological menopausal 
symptoms, stress coping ability is important because menopausal 
symptoms could be severe, depending on the stressful situation 
coping skills [54]. For the stress coping and emotion regulation in 
the brain, oxytocin receptor-mediated actions were reported [55-
57]. And estrogen is the key factor for the oxytocin receptor bind-
ing [58]. During perimenopause, estradiol fluctuation occurs fre-
quently, and it is reported that enhancing the emotional sensitivity 
to stress [59]. For further study, it would be interesting to reveal 
whether inhalation of fragrance has the role of oxytocin receptor 
binding in the perimenopausal women.
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We observed that lavender and O29 showed better efficacy in 
the process of returning brain signals similarly with baseline brain 
signals (Fig. 4, Fig. 5). Notably, we confirmed that lavender is an ef-
fective fragrance in case of anxiety symptoms in mid-life women 
using our method. Lavender has already been well characterized 
in terms of its anxiolytic, sedative, anti-depressive, and calming 
properties [34-36]. Moreover, the anxiolytic effect of lavender is 
reportedly accompanied by changes in the EEG pattern in humans 
[43]. Lavender itself might act as an efficient modulator of anxiety 
states in the mid-life women's brain compared to other fragrances. 
In the case of depressive symptoms, O29 had distinguished ef-
ficacy, and olibanum also showed modulating effects in our study. 
Previous studies had been reported components of olibanum, the 
Incensole acetate, showed reducing depressive symptoms. This 
component is known to reduce depressive-like behavior and is 
used in ceremonies to evoke the feeling of exaltation [44-46]. Our 
finding indicated that the chemical properties of fragrance seemed 
to reflect with the brain signal. Interestingly, the blended oils (O29, 
and P12) showed a more significant effect than olibanum, and pal-
marosa, probably due to the synergy effect of fragrances, and this 
needs to be verified in further study. 

In this study, we revealed the fragrance–EEG index–menopausal 
symptom severity links. Our finding shows that EEG indexes, 
which are related to relaxing effects, are regulated by fragrance, and 
this fragrances effect varies depending on the severity of meno-
pausal symptoms. Our approach may facilitate the development of 
a new repertoire of fragrances to establish a database of effective 
fragrances because our experimental scheme provides standard 
conditions to measure affective brain responses. Furthermore, 
using this database, it may be possible to recommend a series of 
fragrances depending on an individual’s menopausal symptoms 
by using simple measurements. It might also be possible to pre-
dict brain responses or menopausal symptom severity using our 
method. In addition, it could be used to confirm the mood regula-
tion effects of other sensory systems (e.g. music, scenery) in mid-
life women. To sum up this, fragrances could influence a woman’s 
response to a stressful situation in daily life, and the impact on her 
social and personal life. Thereby our study might help to under-
stand how mid-life women respond to various stimuli and could 
be widely used for the well-being of the society and of mid-life 
crisis sufferers. 
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