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Abstract

Aromatherapy with essential oils is one of the most popular complementary medical tools for
improving sleep quality. However, only a few reports have objectively measured the effects of
essential oils on sleep. Here, we used objective and subjective measures to analyze the effects of the
essential oils of lavender (Lavandula angustifolia) and sweet orange (Citrus sinensis) on the sleep
quality of healthy university students. The participants were monitored for 15 consecutive nights as
they inhaled lavender oil, sweet orange oil, or neither in a crossover design. Their sleep was
monitored objectively by actigraphy, and total sleep time (TST), sleep efficiency, sleep latency, and
wake after sleep onset (WASO) were analyzed. Their sleep was analyzed subjectively using
Oguri-Shirakawa-Azumi (OSA) sleep inventory scores. Inhalation of an essential oil improved sleep
measures only in participants whose sleep quality was poor in the control condition. Lavender
seemed more effective than sweet orange in objective measures, especially in improving sleep
latency. In the subjective sleep analysis, the essential oils improved sleep maintenance, dreaming,
and sleep length in subjects who had poor sleep quality. Sweet orange seemed more effective than
lavender in the subjective sleep measures. The difference between the two oils suggests that
expectancy bias had little effect on the hypnotic effect of lavender on objective sleep. Although no
obvious effect was observed in good sleepers, the inhalation of lavender oil could be effective for

helping poor sleepers improve objective sleep quality.

Keywords: Sleep, actigraphy, OSA sleep inventory, essential oil, lavender, sweet orange



Introduction
Sleep disturbance is common in developed countries, including Japan. A systematic review found
that approximately 20% of Japanese adults had chronic symptomatic insomnia [1]. Another study
analyzed the sleep status of a Japanese population by using the Pittsburgh Sleep Quality Index
(PSQI), and estimated that26.4% of males and 31.1% of females had sleep problems [2]. People with
insomnia feel dissatisfied with their sleep and impaired in their physical and social activities during
the day. Furthermore, recent epidemiological and physiological studies revealed associations
between sleep disturbance and various physical and psychological disorders, such as cardiovascular
diseases, diabetes, mood disorders, and cognitive disorders [3-7]. Sleep disturbance is thought to be
a risk factor for these chronic diseases and to have substantial adverse impacts on public health.

Aromatherapy is one of the most popular complementary therapies [8, 9]. Since many aroma oils
are thought to provide a relaxing and sedative effect, they are frequently applied to reduce anxiety
and to alleviate sleep disturbance [8-11]. A recent systematic review yielded 15 quantitative studies
that examined the hypnotic effects of inhaled essential oils in human [10]. Most of these studies
reported positive effects of essential oils on sleep, and lavender was the most frequently tested
essential oil. Aromatherapy with lavender or other essential oils seemed effective for sleep
disturbance. However, most of these studies assessed sleep quality by subjective indices such as
PSQI, Profiles of Mood States (POMS), and visual analog scales. As pointed out by Howard and
Hughes, the effects of the aromas were easily influenced by expectancy bias [12]. Although several
studies analyzed sleep objectively with polysomnography (PSG) or actigraphy [10, 11, 13-15],
further studies using objective measures are necessary to analyze the hypnotic effects of essential
oils.

Sleep analysis with actigraphy is easy to conduct, and sleep estimation by actigraphy shows strong
agreements and correlations with PSG, the gold standard of sleep examination [16, 17]. In 1995,
Sadeh et al. reviewed the empirical data on the validity of actigraphy and concluded that “actigraphy
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may be a useful, cost-effective method for assessing specific sleep disorders” [16]. This conclusion
was approved by the American Sleep Disorders Association, and provides the background for the
standards for the practice of sleep medicine. Nowadays, acigraphy is recognized as a useful and
validated tool for objective sleep analysis, and is widely used for sleep analysis in sleep research and
in clinical [16-20].

In this study, we analyzed the effects of essential oils on subjective and objective sleep quality
simultaneously in a crossover design. Young, healthy university students inhaled the scents of
lavender oil and sweet orange oil during sleep, and their subjective and objective sleep data were
analyzed using the Oguri-Shirakawa-Azumi Sleep Inventory scale for middle-aged and older adults
(OSA-MA) and wrist actigraphy. Sweet orange was reported to have anxiolytic and sedative effects
[21, 22]. Although both lavender and sweet orange have been thought to be effective for sleep, their
components are quite different. The differences in their effects on sleep were analyzed and

discussed.

Methods

Participants

The participants consisted of 12 healthy university students aged 18 to 24 years (8 females, 4 males).
They were recruited by an announcement posted on bulletin boards at the Chiba campus of Josai
International University, and volunteered to participate in the study. The participants were required
to be healthy, and those who were in subjectively poor physical and/or mental condition, under
medication, or diagnosed as allergic to the components used in the study were excluded. All
participants fulfilled the entry criteria. Although the smoking was not included in the entry criteria,
there was no smoker in the participants. Before the experiment began, an outline of the study was
explained to them, and they signed their informed consent.
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Materials
The essential oils of lavender (Lavandula angustifolia) and sweet orange (Citrus sinensis) were

obtained from Pranarom (Ghislenghien, Belgium).

Sleep recording by actigraphy

Obijective sleep was recorded using ActiSleepMonitor (ASM; Actigraph, Pensacola, FL, USA), and
the following sleep measures were analyzed. Sleep latency: Duration from the time of going to bed
to the time of falling asleep (sleep onset time); Wake after sleep onset (WASO): Total amount of
time that is scored as awake after sleep onset; Total sleep time (TST): Total amount of time that is
scored as sleep. Sleep latency and WASO are subtracted from total time in bed; Sleep efficiency:
Ratio of TST to total time in bed. The ASM recorded the movement score in 1 min epochs, and the
collected data were analyzed by the official data analysis software for ASM, ActiLife6 (Actigraph,
Pensacola, FL, USA), that uses the standard sleep scoring algorithms developed and validated by
Cole and colleagues [23]. The time of going to bed at night and the time of getting up in the morning
were determined by the sleep diary and the data in ASM. ActiLife6 scored individual epochs as
either sleep or non-sleep, and determined the time of falling asleep and the value of sleep measures

with the Cole-Kripke sleep scoring algorithm [23].

Self-evaluation of sleep by questionnaire

Subjective sleep was measured by OSA-MA [24]. Although this questionnaire was developed to
measure subjective sleep in middle-aged and older adults, the OSA-MA is applicable to young adults
and has been widely used for sleep analysis in various age groups [25, 26]. OSA-MA consists of 16
items scored on a four-point scale; these items are divided into five factors: (1) sleepiness on rising,
(2) initiation and maintenance of sleep, (3) frequent dreaming, (4) refreshment, and (5) sleep length.
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A higher score means a better sleep quality. The mean + SD of 670 Japanese (aged 26 to 75) were

reported as follows [24]: (1) 21.0+ 7.5, (2) 21.1 + 6.8, (3) 23.3+ 7.4, (4) 20.8 + 7.6, (5) 21.4 £ 7.2.

Procedure

The total procedure took 15 consecutive days and was divided into three 5-day sessions. In the first
session, the participants inhaled the first essential oil (lavender or sweet orange) every night during
sleep. The second session was a control period, during which the participants took their usual sleep
without any intervention. In the third session, the participants inhaled the second essential oil every
night during sleep. Those who used lavender in the first session used sweet orange in the third
session, and vice versa; the order for each participant was randomly assigned by the experimenter.

The participants were instructed to maintain their usual lifestyle and sleep habits in their own
home during the procedure. They were instructed to write a sleep diary in which they recorded the
time of going to bed at night, the time of getting up in the morning, the time of meals, and unusual
events that could affect sleep quality such as vigorous exercise, alcohol and caffeine intake at night,
medication, and different sleep habits. These data were used to analyze the ASM data and to confirm
whether they maintained their usual lifestyle and sleep habits.

The participants were instructed to wear the ASM on the wrist of their nondominant hand during
sleep every night for the 15-day study period. They were also instructed to fill out the OSA-MA after
they woke up on the last morning of each session.

In the first and third sessions, each participant was instructed to drip two drops of the assigned
essential oil onto a tissue paper and to place the paper by their pillow. Since the participants could
easily identify the contents by the smell, they were not blinded. The participants were instructed to
use the oil every night during the 5-day session.

In the analysis of sleep measures, aggregation of the data in multiple nights is routinely done,
because single-night measures can be easily disordered by accidental factors [27]. Some previous
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studies reported that 3-5, or more nights were necessary to obtain reliable aggregated measures, and
the mean value might ensure reproducible individual sleep characteristics [19, 27]. We obtained
objective data from each participant for each day of a session. In order to minimize accidental
inter-day fluctuation of sleep measures, we used the mean value of each measure during the 5-day
session as each participant’s value in that session. Some participants sometimes forgot to put on the
ASM, and the data were missed. If data were successfully obtained from four or more nights of a
session, we used the data for analysis. If data for fewer than four nights were obtained, all of that
participant’s data in the session were excluded from analysis. As a result, we excluded the data of
two participants (subjects 03 and 11 in Fig. 1) in the sweet orange session.

For the analysis of subjective sleep, one participant (subject 10 in Fig. 3) forgot to complete the

guestionnaire for the sweet orange session, and the data thus are missing.

Statistical analysis
Data are expressed as means + SD. Data obtained from the measurement with ASM and OSA-MA
were analyzed with repeated-measures ANOVA. The significance level was set at 0.05.

All statistical analyses were performed with EZR (Saitama Medical Center, Jichi Medical
University, Saitama, Japan), which is a graphical user interface for R (The R Foundation for
Statistical Computing, Vienna, Austria). More precisely, it is a modified version of R commander

designed to add statistical functions frequently used in biostatistics [28].

Results

Obijective sleep

Objective sleep was measured for 5 days in each session (no aroma, lavender, and sweet orange).
Table 1 shows the results of each day in each session. Although the values fluctuate during 5-day
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session, the fluctuation seems random, and we could not find any trend such as monotonic
increase/decrease according to time and high/low value in the specific day (e.g. specifically high in
day 1). “No aroma” session also showed no specific trend. Since the day 1 of the “No aroma”
session was the next day of the day 5 of the first essential oil session, the carryover effect of the
essential oil inhalation might be concerned in the first day of “No aroma” session. As described
above, however, data in Table 1 does not indicate any specific influence on the first day of “No
aroma” session. We considered that the carryover effect had little effect on sleep measures in this
study. We used the data in “No aroma” session as control in the following analysis.

The individual results of the analysis are shown in Fig. 1. One-way repeated-measures ANOVA
could not detect any statistically significant difference between treatments (TST: F,15 = 1.0907, p =
0.3572, npz = 0.1081; Sleep efficiency: F, 15 = 0.9161, p = 0.418, npz = 0.0931; Sleep latency: F; 15 =
2.2958, p = 0.1294, 7,> = 0.2032; WASO: F, 14 = 0.6705, p = 0.5238, 7,” = 0.0693). Although there
was no statistically significant difference, the effect sizes suggested small to moderate effects of
aroma treatment on sleep quality. As shown in Fig. 1, some participants showed large improvements
by the aroma treatment. The effect of treatment on sleep might depend on the sleep quality of the
participants during the control (no aroma) session. We tried to analyze with stratification.

Participants were divided into three groups according to their sleep measures obtained in the
control condition: good sleepers, medial sleepers, and poor sleepers. The “good” and “poor” groups
consisted of the participants who scored in the top and bottom thirds in the sleep measures,
respectively. The main effects of sleep status (good, medial, and poor sleepers) and aroma treatment
(no aroma, lavender, and sweet orange), as well as the interaction effect, were analyzed with
two-way repeated-measures ANOVA. The results are shown in Fig. 2, and the results of the
statistical analysis are summarized in Table 2.

The ANOVA revealed that the interaction between sleep status and aroma treatment was
significant only in sleep latency. In other measures, the main effect of sleep status was detected in
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sleep efficiency and WASO. There were no statistically significant differences among the
groups in TST. The effect sizes suggested small to moderate effect of aroma treatment and
moderate interaction effect in all measures. The effect size of the interaction effect in sleep latency
seemed large, although the npz value did not meet the suggested size by Ferguson [29]. The sleep
latency of poor sleepers was shorter in the lavender condition than in either the control or sweet
orange condition. Figure 2 and Table 2 indicate that lavender shortened sleep latency only for people

in the poor sleep quality group.

Subjective sleep

The individual results of the analysis are shown in Fig. 3. The means + SD of all participants for
each factor in the control condition were 16.2 + 8.0 (sleepiness), 15.8 + 5.6 (sleep maintenance),
19.0 + 8.4 (dreaming), 18.8 + 6.1 (refreshment), and 17.7 + 6.1 (sleep length). Compared with the
standard value of a Japanese population reported by Yamamoto et al. [24], the participants in the
present study showed lower values in all measures, suggesting that, as a population, their sleep
quality was slightly poorer.

One-way repeated-measures ANOVA could not detect any statistically significant difference
between treatments (sleepiness: F; 0 = 1.983, p = 0.1638, np2 = 0.1654; maintenance: F, 5, = 0.5629,
p = 0.5783, npz = 0.0532; dreaming: F,2 = 1.5182, p = 0.2433, npz = 0.1318; refreshment: F; 5 =
0.163, p = 0.8507, npz = 0.0161; length: F, 5, = 3.3189, p = 0.0569, npz = 0.2492). The effect sizes
suggested moderate effect of aroma treatment in sleep length, and small effects in sleepiness, sleep
maintenance, and dreaming.

The data were stratified according to good, medial, and poor sleepers, the same as in the objective
sleep analysis, and the results are shown in Fig. 4 and Table 3. Good sleepers showed higher values
and poor sleepers showed lower values than the standard of a Japanese population reported by
Yamamoto et al. [24] in all measures. The ANOVA revealed that the interaction between sleep status
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and aroma treatment was significant in sleep maintenance, dreaming, and sleep length. In other
measures, the main effect of sleep status was detected in sleepiness and refreshment. The effect sizes
suggested small to moderate effects of aroma treatment in sleepiness, sleep maintenance, dreaming,
and sleep length. The interaction effect in these measures also showed moderate to large effect sizes.
Among the poorer sleepers, sleep length seemed longer in the sweet orange condition than in the
control or lavender condition. These results indicate that aroma treatment is effective for improving
sleep maintenance, dreaming, and sleep length only for poor sleepers. Sweet orange seemed more

effective than lavender for improving subjective sleep, especially in sleep length.

Discussion

This study investigated the effects of two essential oils, lavender and sweet orange, on objective and
subjective sleep. Although neither lavender nor sweet orange improved sleep among good sleepers,
both showed alleviative effects for poor sleepers in several sleep measures. Moderate to large effect
sizes of the interaction effects between sleep status and aroma treatment suggested that the effect of
essential oils were quite different between good sleepers and poor sleepers. In particular, lavender
shortened the objective sleep latency of poor sleepers, and sweet orange lengthened the subjective
sleep length of poor sleepers. Since good sleepers slept well without aroma treatment,
sleep-improving effects of aroma oils could not be detected with actigraphy or the self-checked
guestionnaire. The present results suggest that the inhalation of essential oils during sleep is effective
for alleviating mild sleep complaints.

There was an inconsistency between the results of objective and subjective sleep measures.
Lavender seemed more effective for objective sleep, whereas sweet orange seemed more effective
for subjective sleep. We suspect that this might be the result of individual preferences for the smell
of one essential oil over the other. Some participants found the smell of sweet orange oil pleasant,
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but the smell of lavender essential oil not pleasant. This difference in preference could
psychologically affect the self-estimation of subjective sleep.

In studies of aroma treatment thus far, participants could recognize easily which aroma oil they
were inhaling. Since participants expect some positive effects of aroma treatments, it is difficult to
eliminate expectancy bias [12]. We used two aroma oils in this study, and found a difference between
them. Lavender greatly improved the objective sleep latency of poor sleepers, while sweet orange
did not. On the other hand, sweet orange showed larger effects than lavender on subjective sleep
measures. Since subjective estimations were more likely to be affected by psychological factors, the
effect of sweet orange on subjective sleep may have been confounded by expectancy bias. We
considered, however, that the difference between the two oils in objective sleep latency suggested
that lavender had an actual effect. Since sweet orange did not show any effect on objective sleep
latency, expectancy bias had little effect on object sleep latency. The effect of lavender was not due
to expectancy bias. Lavender could exert alleviative effects on sleep by acting physiologically rather
than psychologically.

Nagai and colleagues reported the effects of olfactory stimulation with grapefruit and lavender oils
on autonomic nerves [30]. Inhalation of grapefruit essential oil activates sympathetic nerves and
elicits physiological changes such as the elevation of blood pressure [31, 32]. Inhalation of lavender
essential oil activates parasympathetic nerves and elicits physiological changes such as the reduction
of blood pressure [33, 34]. Limonene and linalool, the main components of grapefruit and lavender
oils, respectively, showed the same effects as grapefruit and lavender. Since the main component of
sweet orange oil is limonene [22], sweet orange might show the same effect as grapefruit.

The effects of linalool and limonene on autonomic nerves might contribute to the results of the
present study. The activation of parasympathetic nerves by linalool could enhance the sleep-inducing
effect of lavender. The activation of sympathetic nerves by limonene could not induce such
sleep-inducing effect in sweet orange treatment. These effects might contribute to the positive and
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negative effects of lavender and sweet orange, respectively, on objective sleep latency.

There are limitations in this study. Since the participants spent daily life in their usual environment
and slept in their own home, the absolute control of participants’ activity and environment was
impossible. The participants were instructed to keep usual lifestyle and sleep habits, and we
confirmed by their sleep diaries and ASM data that there was no activity that disturbed the sleep at
night. However, we could not exclude the possibility that the participants violated the protocol.
Furthermore, there are other factors that could affect sleep but were not controlled in this study.
Intra- and inter-individual difference in various factors such as physical and psychological stress,
unaware medical conditions, the amount and the balance of nutrition in their meal, the amount of
activity in daytime, the amount of light exposure in daytime and at night, and menstrual cycle of
female participants could mask the effect of essential oil inhalation. In order to control and exclude
the effects of these factors, experiments in a sleep laboratory in which participants spend whole day
in controlled condition with thorough monitoring might be effective.

We did not design a long wash-out period in this study. The data in Table 1 suggest that the
carryover effect had little effect on sleep measures in the present experimental setting. Previous
crossover studies that analyzed the effect of aroma treatment on sleep used various wash-out period
[10, 11, 13, 14]. Some studies designed the experiments with a washout period for 2-7 days, whereas,
the other studies analyzed the effect with a washout period for 15-23 hours. We consider that the
essential oils might affect the brain activity transiently during exposure at night, and the effect would
be washed out within a half day (from morning to night of the day). However, we could not exclude
the possibility that the carryover effect of the first essential oil lasted for more than 5 days in the
present study. In that case, the sleep quality of control session might be estimated better than it really
is, and the effect of essential oils might be underestimated. The experiment with a long washout
period may detect the alleviative effects of essential oils on sleep more efficiently.

In this study, we revealed that including a control condition in the stratification of sleep status is
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important for analyzing the hypnotic effects of essential oils, because the effects were so mild that
they were difficult to detect in good sleepers. Although this study was a small-scale open trial, we
detected the alleviative effects of essential oils for people with poor sleep quality. In particular,
lavender showed 58% (12 min) reduction in objective sleep latency in poor sleepers. The inhalation
of lavender essential oil may be useful for alleviating objective sleep quality. Further study on a
larger scale with objective sleep analysis in a controlled sleep laboratory would clarify more

precisely the effects and the mechanisms of lavender and other essential oils on sleep quality.
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Figure legends

Fig. 1 Individual response on objective sleep measures under three conditions: no aroma (control),

lavender (Lav), and sweet orange (Cit)

Fig. 2 The effects of aroma inhalation on objective sleep measures in three sleep groups: good
sleepers (open column), medial sleepers (dotted column), and poor sleepers (closed column). The

results with no aroma (control), lavender (Lav), and sweet orange (Cit) are shown

Fig. 3 Individual response on subjective sleep measures under three conditions: no aroma (control),

lavender (Lav), and sweet orange (Cit)

Fig. 4 The effects of aroma inhalation on subjective sleep measures in three sleep groups: good

sleepers (open column), medial sleepers (dotted column), and poor sleepers (closed column). The

results with no aroma (control), lavender (Lav), and sweet orange (Cit) are shown
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Table 1 The objective sleep measures of each day in each session (n = 6-12): no aroma (No), lavender (Lav), sweet orange (Cit)

TST Sleep Efficiency Sleep Latency WASO

Day No Lav Cit No Lav Cit No Lav Cit No Lav Cit

1 271 328 315 81.2 85.7 82.5 7.6 7.1 11.0 57.7 46.3 55.5
(70) (62) (75) (123) (4 (72 (12.3) (28) (11.0) (39.4) (16.2) (27.5)

2 330 343 383 82.0 84.1 82.9 10.9 6.9 135 65.7 58.7 65.9
(67) (95) (86) (13.4) (7.8) (9.5 (146) (5.5) (26.3) (57.8) (34.6) (41.2)

3 348 342 343 84.8 84.2 83.5 9.8 6.2 10.0 55.4 58.9 59.9
(101) (87) (48) 87 (7.7) (102 (1200 (19 (79 (42.6) (36.1) (44.4)

4 366 339 288 80.7 86.0 82.8 7.6 7.2 11.0 83.1 46.2 47.5
(81) (83) (61) 9.1) (6.3) (9.6) (6.4) (5.8) (16.1) (52.6) (19.1) (25.3)

5 287 286 338 81.2 80.1 85.5 17.3 7.1 5.4 51.0 58.7 58.8

(90)  (98)  (100) (12.7) (13.0) (8.8) (43) (53) (20 (29.8) (43.8) (43.0)

Numbers in parentheses are SDs.



Table 2 Impact of sleep status in control condition and aroma treatment on objective sleep quality in university students.

Sleep Status Aroma Treatment Status x Treatment
Fa7 p ' F214 p s Fa14 p '
TST 3.2790 0.0989 0.4837 0.8356 0.4542 0.1065 1.6436 0.2186 0.3195
Sleep Efficiency 14.3866 0.0033 **  0.8043 0.5776 0.5741 0.0756 1.6778 0.2108 0.3238
Sleep Latency 6.5719 0.0247*  0.6525 4.6214 0.0288*  0.3977 4.2136 0.0191*  0.5463
WASO 17.9494 0.0018 **  0.8368 0.3123 0.7368 0.0427 1.3275 0.3080 0.2750

The main effects of sleep status and aroma treatment, as well as the interaction effect, were analyzed with two-way repeated-measures ANOVA. * p <0.05,
**p<0.01.



Table 3 Impact of sleep status in control condition and aroma treatment on subjective sleep quality in university students.

Sleep Status Aroma Treatment Status x Treatment
Fas p 77p2 Fa16 p ’7p2 Fa1s p 77p2
Sleepiness 14.9502 0.0020 **  0.7889 2.2174 0.1413 0.2170 2.3942 0.0937 0.3744
Sleep Maintenance 0.2358 0.7953 0.0557 1.4960 0.2537 0.1577 4.9915 0.0083 **  0.5552
Dreaming 1.5715 0.2657 0.2820 2.4941 0.1141 0.2376 8.8745 0.0006 **  0.6893
Refreshment 8.5887 0.0102*  0.6822 0.1839 0.8338 0.0224 0.3443 0.8441 0.0793
Sleep Length 5.6075 0.0301*  0.5836 4.3606 0.0308 *  0.3528 3.0850 0.0463*  0.4354

The main effects of sleep status and aroma treatment, as well as the interaction effect, were analyzed with two-way repeated-measures ANOVA. * p <0.05,
**p<0.01.
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