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Abstract

Objective: Sleep disturbances are recognized as an important health and public health problem that affects
physical, mental, and emotional health and well-being. Inhalation of essential oils may be a safe alternative to
pharmaceutical interventions for mild to moderate sleep disturbances. Quantitative human studies on the effect
of inhaled essential oils on sleep that were published between 1990 to 2012 were reviewed.

Methods: Ovid Medline, PsychINFO, CINAHL, Science Direct, and PubMed databases were searched to
extract articles that evaluated the effect of inhaled essential oils on sleep in humans.

Results: The search yielded 15 quantitative studies, including 11 randomized controlled trials that examined
hypnotic effects of inhalation of essential oils. A majority of the study findings suggested a positive effect of
essential oils on sleep. Lavender was the most frequently studied essential oil. No adverse events were reported.
Conclusions: Inhalation of essential oils may be considered for people with mild sleep disturbances. Further

studies with larger samples and stronger methods and endpoints are needed to build on the findings.

Introduction

DIFFICULTIES WITH INITIATING OR MAINTAINING sleep
are increasingly recognized as a public health problem.
Sleep epidemiology is a growing field that includes the as-
sociation of sleep disturbances with accidents, human errors,
and health, as well as the incidence and prevalence of sleep
problems. Health effects of sleep problems are both imme-
diate and long term. The immediate effect of sleep distur-
bances relate to well-being, daytime sleepiness, fatigue, and
impaired performance, with its resulting impact on safety.
Long-term health effects include hypertension, inflamma-
tion, obesity, and glucose intolerance. These long-term ef-
fects can lead to chronic diseases and premature death.’
Additionally, a strong relationship has been found between
sleep disturbances and cognitive functioning, regulation of
emotions, social problems, and substance abuse.> A recent
USA Sleep Poll found that 64% of respondents reported
frequent sleep problems, although only 15% received an
official diagnosis.> Mild sleep disturbances are frequently
self-treated, with varying degrees of success, through use of
over-the-counter medications (e.g., antihistamines), herbs
(e.g., valerian, chamomile, and St. John’s wort), alcohol, or
behavioral and cognitive techniques that modify the precip-
itating and contributory factors related to sleep disturbances.

More severe sleep disturbances are typically treated with
prescription hypnotic medications that are intended for short-
term use but are frequently prescribed long term. These

hypnotics have many adverse effects, further increasing
health care costs and overall morbidity.’

Sleep disturbances occur when the normal processes of
disengaging from wakefulness and engaging in sleep do not
happen. A variety of genetic, environmental, sleep habit,
and other psychobiological factors can precipitate problems
in the dearousal, homeostatic, and circadian processes that
normally occur to allow for good sleep.® If the pattern of
sleep disturbances continues over time, these factors can
build on themselves and create a vicious cycle of ongoing
sleep problems.”

The inhalation of essential oils with hypnotic properties
may provide a safe and effective therapy for some sleep
disturbances. Mechanisms of action for the sleep-inducing
properties of essential oils are not totally understood but are
believed to be multifaceted; properties include biochemical,
psychological, and energetic.” Several biochemical constit-
uents of essential oils can produce hypnotic, sedative, or
antianxiety effects, including acids and esters, coumarins,
and monoterpenols. These can act on nerve cell function by
antagonizing specified neuronal receptors or binding to
other receptors.® Many essential oils contain chemical
constituents that would suggest a sedative (irritability and
excitement decreasing as a precursor to sleep) or hypnotic
(sleep-inducing) effect, but few rigorous human studies have
explored the sedative or hypnotic effect of essential oils.
Several animal studies have demonstrated a sedative effect
for certain essential oils, including bergamot,9 sweet
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oran e,lo lavender, valerian and 1em0n,15 rose,l ce-
dar,'” and others.'® The Natural Standard, an international
research collaboration that synthesizes data on complemen-
tary and alternative therapy studies, reported aromatherapy as
having ‘“‘unclear or conflicting scientific evidence’” for sleep
disorders or sleep disturbances because of lack of scientific
research.'”?” Several systematic reviews have addressed the
use of essential oils or sedative effect peripherally,”'~* and
one published review specifically concerned lavender
and sleep.** However, no previously published systematic
and comprehensive reviews of studies have focused on es-
sential oils as a broad category and their effect on sleep in
humans. Thus, this review is an important step in informing
further research on the use of essential oils to address the
growing public health issue of sleep disturbances.

Methods
Literature search

Research articles describing the key area of interest were
sought from a range of journals and health disciplines. The
strategy for identifying key words for the search involved
combinations of the two main variables of interest: (1) sleep
disturbances (*‘sleep initiation and maintenance disorders,”’
““sleep disorder, symptoms,” “‘sleep disturbances,” *‘sleep’)
or related therapeutic properties of essential oils (‘‘hypnotics
and sedatives,” [anti]-‘‘anxiety’”) AND (2) aromatherapy
(“‘aromatherapy,” “‘oils, volatile,” “‘plants, medicinal,”
“essential oils,” “‘olfactory stimulation’). ‘‘Relaxation” was
identified as an additional therapeutic property of essential
oils related to sleep and was added to the search strategy.
Electronic literature searches were carried out in December
2012 using Ovid Medline, PubMed, CINAHL, PsychINFO,
Science Direct, Natural Standard, and the Cochrane Library.

The following search inclusion limits and criteria were
used: human studies, full paper reported in English, study of
inhalation of essential oils rather than topical use or inges-
tion, study participants without dementia and agitation
(those patients are the focus of a separate area of research),
measurable outcomes for sleep (subjective and/or objective
measures), and quantitative design.

Titles and abstracts were reviewed to identify studies that
did not meet the specified criteria. This assessment was
confirmed by full-text review prior to exclusion (Fig. 1). The
15 remaining studies identified for systematic review were
evaluated by using a structured abstracting form with 10
topics: (1) reference, (2) aim(s), (3) variables, (4) partici-
pants and setting, (5) design, (6) measures and key proce-
dures, (7) interventions, (8) analysis and results, (9)
discussion, and (10) limitations/critique. In addition, ran-
domized controlled trials (RCTs) were reviewed using the
Consolidated Standards of Reporting Trials (CONSORT).
This tool provides a minimum set of recommendations for
reporting RCTs.* Where plant genus and species were
specified in the articles, the Latin botanical names are noted
in Table 1; where not specified, Latin names could not be
assumed.

Data synthesis

Because of the heterogeneity of the study populations,
measurement tools, and interventions, a formal meta-
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Initial database: OVID Medline

Search terms: “Sleep imtiation and maintenance disorder”,
“hypnotics”, “anxiety” combined with “aromatherapy™, “oils,
volatile”™, “plants, medicinal”

Limitations: human and English (n = 204)

Exclusions applied:

1. Studies on dementia/agitation (outside scope
of review)

2. Studies not involving inhalation of essential
oils

(184 studies excluded)

n=20
Additional data bases Additional inclusion
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CINAHL, PubMed, articles:
Science Direct, National I v h
Standard, and Cochrane (n - Quantitative researc
=2 study
Additional search term: 2 Outcome measure for
“relaxation” combined with sleep
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volatile”, “plants,
medicinal” (n = 1) n=17 (n=4)

Reference lists and OVID
Medline mapping review of
6 key articles reviewed:
(n= 8]
Total = 15
FIG. 1. Search strategy flowchart.

analysis could not be conducted. However, a review and
synthesizing summary of the study methods and results
were completed, along with projected applications of these
studies to research, practice, and theory.

Results
Study description

A multistage search strategy was applied (Fig. 1). Ap-
plication of the first four inclusion criteria identified 20
studies for review through Ovid Medline. Four additional
databases—PsychINFO, CINAHL, Science Direct, and
PubMed—were searched to identify additional studies on
the sedative/hypnotic effect of inhaled essential oils. The
term ‘‘relaxation’’ (release of tension) was also searched for
in the databases because it is a precursor to sleep and may be
a therapeutic effect of essential oils. Two recent studies
meeting the criteria were found in CINAHL, and an addi-
tional study was found by using ‘‘relaxation’” combined
with aromatherapy terms. No further references were iden-
tified from review of the Natural Standard and the Cochrane
databases. In total, 23 references were identified, abstracted
to a reference database, and reviewed in full text to deter-
mine whether the initial exclusion/inclusion criteria were
met. At this point, the two additional inclusion criteria of
quantitative design and hypnotic or sleep outcome were
applied. After a full-text screening, six papers met all six
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inclusion criteria. The reference lists of these identified
studies and systematic reviews, along with OVID Medline
electronic article mappings, yielded eight additional studies
meeting the inclusion criteria. A total of 15 human studies
on inhaled essential oils and their effect on sleep were
found,5 36-49 and their methods and results were summarized
and compared (Table 1).

Participants and settings

Sample sizes in the 15 studies ranged from 4 to 67 par-
ticipants and totaled 409 participants. Participant age was
not consistently documented. Studies included college un-
dergraduates, graduate students, and the elderly, as well as
cancer and other patient populations. Participants were both
healthy sleepers and those with sleep disturbances. Men and
women were included in all of the studies except for one all-
male study’® and one all-female study.*® Study locations
varied, with some in the home and others in a sleep labo-
ratory or inpatient setting.

Design and intervention

Eleven of the 15 studies were RCTs with single- or double-
blinding.>¢ %4064 Blinding is a challenge in essential oil
research because of the distinct odor of each essential oil.
Blinding techniques included using language that was not
specific, avoiding visual cues, embedding blocks of odor
stimulus in the airflow, administration during sleep, and use
of more than one essential oil or substance with an aroma.
The remaining studies were evaluative clinical studies®*”*®
or a small equivalence trial.” Crossover design was used in
four of the studies using controls or placebos.*****° Ten
RCTs screened for olfactory abnormalities®® 84043454649
and 11 screened and controlled for sleep abnormalities in the
deSign.36’37’40"‘2’43’45’46’49 In addition, most used more than
one measurement tool and combined objective and subjective
measurements. Measurement tools varied widely, as noted in
Table 1, but several studies used a version of the Pittsburgh
Sleep Quality Index>’**4%* and polysomnography.**-#>434
In a majority of the studies, reliability and validity of the
measurement tools were documented. The essential oils used
for inhalation differed between studies as well. Ten studies
reported the use of lavender. Lavandula angustifolia was
specified for only 3 of these studies.***”*® The other es-
sential oils studied included Citrus sinensis (sweet orange),
vetiver, peppermint, jasmine, rosemary, and blends of es-
sential oils. With only 4 studies reporting the Latin botanical
name>****7*® and only 1 of the 4 reporting an analysis of
the chemical constituents,® the exact chemical composition
of the materials used for the intervention is unclear in a
majority of the studies. Routes of administration included a
drop on a pillow, drops on gauze, all-night diffusion, and
mask and tubing. Doses varied widely with amount, fre-
quency, and duration unique to each study.

On the basis of the CONSORT criteria,>’ the RCTs met
criteria for title, abstract, introduction, and methods, al-
though sample size determination and randomization pro-
cedures were less well documented. Other areas where
some studies did not meet criteria included demographic
characteristics outside of age and sex, incorporation of a
study flow diagram, and reference to any harms or the lack
thereof.

LILLEHEI AND HALCON
Outcomes

Although results were mixed, most studies found a pos-
itive association between inhalation of essential oils and
sleep. Statistically significant results for improved sleep
quality were reported for lavender oil,*’%4!'*} peppermint
0il, and jasmine oil.** Peppermint oil has stimulating
qualities, so this finding was counter to other studies and
may have been due to a balancing quality or the exact
chemical constituency of the oil, although this was not re-
ported. Other studies reported positive findings (not statis-
tically significant but showing a relationship or trend toward
improved sleep quality) for lavender oil;>*****® Javender
and valerian blends;*® and a blend of basil, juniper, laven-
der, and sweet marjoram.*’ A statistically significant nega-
tive association with sleep quality was found for lavender oil
in one study. This again could be due to the undocumented
chemical constituency of the lavender used in the study or
use of a different species of lavender.*> Sweet orange, which
has stimulating qualities, was also reported as having sta-
tistically negative findings in relationship to sedative/hyp-
notic effects after an anxiety-eliciting task.>® In another
study, lavender and vetiver modified breathing during
sleep.*® A study examining the behavioral and physiological
responsiveness to peppermint oil during sleep found positive
associations with micro switch closure, electroencephalo-
graphic speeding, heart rate during odor administration, and
a decrease electromyographic response. No effect was dis-
played for respirations and awakenings.*’ The findings
generally support that essential oils have an effect on sleep
or during sleep, with the exceptions noted. No adverse ef-
fects were reported in any of the studies reviewed. However,
neither did the studies report the lack of adverse effects.

In addition to sleep outcomes, secondary outcomes were
examined in one or more studies: hedonicity (a like/dislike
of the essential oil/control), expectancy effect (participant
expectancy can be positive or negative and can bias the
results), and intensity rating. In the three studies that mea-
sured hedonicity, the like/dislike preference had no signifi-
cant effect on sleep outcomes.’®***? Five of the studies
addressed expectancy effect by using language that was not
specific, avoiding visual cues, embedding blocks of odor
stimulus in the airflow, using questionnaires to assess par-
ticipant expectancy before the study, and using more than
one essential oil. None of these studies identified an ex-
pectancy effect.’®7404244 1 two studies that assessed in-
tensity rating, the rating affected sleep measures.**** In
summary, expectancy effect and hedonicity were not found
to have an effect on the treatment outcome in these studies;
however, participant-rated intensity did affect results.

Four studies explored the effect of sex. One study found
no association between sex and the outcomes,37 two studies
did find an associ.altion,‘u’43 and one noted a significant trend
toward an effect.** The study findings varied, and there was
no uniform association between sex and effects on sleep.

Only 1 of the 15 studies reported verifying the chemical
composition of the essential oils studied by gas chroma-
tography analysis/mass spectrometry.*® In addition, studies
that used a blend of essential oils did not identify the exact
proportions or composition of the blend. Only 4 of the 15
studies reported the Latin botanical name for plant species
identification.*®***7*8 Different plant species have different
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chemical constituencies and therefore different therapeutic
properties. With lavender, for example, Lavandula latifolia
is considered stimulating and L. angustifolia is considered
relaxing. Each plant species or chemotype can have a
slightly different chemical constituency, making gas chro-
matography analysis/mass spectrometry analysis critical in
essential oil research.

Discussion

This is the first comprehensive review of inhaled essential
oils and their effects on sleep. The strength of this system-
atic review includes its coverage of all relevant studies and
the use of strict methodologic criteria. Major strengths of
this group of studies include study design, the use of
blinding, and the quality of measurement tools. Most of the
studies (11 of 15) were RCTs. Eight of these incorporated
some form of participant blinding despite the difficulty in
blinding smells. In addition, most studies incorporated more
than one measurement tool with demonstrated validity and
reliability, the most commonly used being the Pittsburgh
Sleep Quality Index. A majority of the studies originated in
the United States or the United Kingdom. However, other
countries were represented, thereby providing for some
geographic diversity.

Limitations were also identified. Defined geographic lo-
cations and small homogeneous samples affect the gener-
alizability of these studies. No studies documented a power
analysis to determine the sample sizes needed to demon-
strate an effect. In addition, all of the study samples ap-
peared to be convenience samples, and only five studies
reported recruitment methods. All of the RCTs applied ex-
clusion criteria to increase the control of such factors as
olfactory and sleep disturbances for internal validity, limit-
ing generalizability to similar populations. In addition, many
of the studies were conducted in a laboratory setting, again
limiting external validity.>*>%4%424345 Only one study re-
ported follow-up measurements to assess the duration of the
effect.’® In aromatherapy practice, essential oil selection is
often individualized according to the match of the thera-
peutic effects of essential oil and the physical and emotional
states of the patient, as well as aroma preference.”® There-
fore, standardization of interventions in research designs
limits external validity because of the lack of standardiza-
tion in actual clinical practice. In addition, lack of botanical
name identification and lack of chemical analysis substan-
tially limit the interpretation of results in essential oil re-
search. Although the studies reported no adverse effects, the
fact that none mentioned the lack of adverse effects is a
limitation of the articles reviewed.

Few ethical issues were identified. Only six studies re-
ported informed consent and approval from an ethics or in-
ternal review committee.**?**** Potential nonparticipant
involvement presents a potential ethical issue in the studies
that did not tightly control for the essential oils in the ambient
background of a home or an inpatient setting.>*! 444748

Only one study compared different dosages and their
hypnotic effect, and only as a secondary finding.*® In that
study, the lower dose and higher dose of sweet orange oil
were associated with an effect but the intermediate dose was
not. This finding has also been noted in other studies’' and
should be explored in future research. The odor of essential
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oils, the challenge of control conditions, and current lack of
knowledge of the therapeutic dose for inhaled essential oils
represent limitations in essential oil research that are diffi-
cult to avoid. In addition, there is a lack of understanding of
the mechanisms of action of essential oils, which are likely
to be multifaceted and may be subtle and balancing, making
a rigorous scientific inquiry challenging. Moreover, there is
still much to be known about the complex systems of sleep
and olfaction.

Future research should consider these limitations. Research
quality can make a significant difference in the validity and
reliability of a study. Unique challenges of essential oil re-
search include subtle and synergistic effects, timing of mea-
surements, blinding difficulties, and the intent to affect the
whole person to maximize balance and healing.””

Despite the limitations noted, the findings of this review
are promising. Essential oils were found to have a short-
term effect on sleep measured by variety of sleep outcome
measures. Use of essential oils could be a safe and cost-
effective therapy or adjunct therapy for sleep disturbances
and might decrease overuse of prescription medications and
short- and long-term health outcomes from sleep distur-
bances. Gaps in the evidence identified through this review
include study design and measurements to account for the
subtle and synergistic effects of essential oils, dose/fre-
quency/duration for therapeutic effect, assessment of long-
term effect, mechanism of action, and a need for more
rigorous methods.

Several other issues unique to essential oil research were
identified in the review process. These issues included he-
donicity or the like/dislike of the odor, expectancy effects,
the distinct odors of essential oils, and the chemical vari-
ability of essential oils due to plant and other natural con-
ditions. Future research on sleep and essential oil inhalation
should also consider these issues.

In conclusion, there is still much to be discovered about
the complex systems of olfaction, sleep, the mechanism of
action for essential oils, and the inter-relationship of these
complex systems. This systematic review of the literature
creates a basis for continued research into inhaled essential
oils and sleep that can lead to better understanding and
practice. Gaps in the evidence identified through this review
highlight topics for future research. Statistically significant
positive and negative effects were found for essential oils on
sleep, although most findings were positive. Generalizability
of findings from these 15 studies is limited. However, they
provide a strong basis for future studies and suggest that
essential oils could provide a safe, cost-effective therapy for
the growing public health issue of sleep.
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