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Abstract
Objective: To investigate the effect of aromatherapy on sleep quality in cancer patients.
Methods: Published literature on the effect of aromatherapy in cancer patients with sleep disorders in the form
of randomized controlled trials (RCTs) were systematically retrieved and screened from PubMed, Cochrane Library,
Embase, CBM, CNKI, VIP, and Wanfang databases from inception to November 2021. The methodological quality of the
included studies was critically and independently evaluated by two reviewers using the Cochrane Risk of Bias Assessment Tool for RCTs. The correlated data were extracted using the pre-designed form, and all analyses were performed
using Reviewer Manager version 5.4. Due to the difference in sleep quality instruments, the data extracted in this
study were in the form of standard mean difference (SMD).
Results: Ten RCTs included 933 patients (experimental group: 474, control group: 459), and the risk of bias in the
included studies was moderate. Aromatherapy could significantly improve the sleep quality of cancer patients
[SMD = − 0.79, 95% CI (− 0.93, − 0.66), p < 0.01], especially those with breast cancer [SMD = − 0.98, 95% CI (− 1.57,
− 0.40), p < 0.01]. Aromatherapy with single essential oil had a better effect on sleep quality [SMD = -0.94, 95%CI
(− 1.25, − 0.62), p < 0.01], of which lavender essential oil had the best effect [SMD = -1.06,95%CI (− 1.49, − 0.63),
p < 0.01] while compound essential oils had no effect on sleep quality improvement in cancer patients [SMD = -0.21,
95%CI (− 0.57, 0.14), p = 0.23]. Four of the ten RCTs reported the occurrence of adverse events, of which only one RCT
indicated that patients had headache and sneezing while the remaining six did not.
Conclusions: This meta-analysis of 10 RCTs reveals that aromatherapy with single essential oil had a substantial
effect on the sleep quality of cancer patients and should be recommended as a beneficial complementary therapy to
promote sleep quality in cancer patients.
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Introduction
According to the data updated to 2020, over 40 million
people are affected by cancer [1], which causes many
negative consequences such as sleep disorder. Among
cancer-related symptoms after treatment, sleep disorders
are the most common symptom among cancer survivors [2–4] and it cannot be managed effectively in posttreatment care. The incidence of sleep disorders in cancer
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patients is from 30% [5] to 93.1% [6]. Sleep disorders can
also cause a series of chain reactions, such as depression,
pain, circadian rhythm disorders, fatigue, decreased quality of life, disease progression and even lower survival
rates [3, 7]. Given the importance of ensuring a good
sleep, an increasing number of researchers are turning
their attention to the measures to improve sleep quality.
The National Cancer Institute recommends that sleep
treatment for cancer patients consists of both pharmacological and non-pharmacological treatments. Pharmacological treatments can lead to serious side effects [8],
such as drug dependence, lethargy, mental confusion, etc.
As a result, most guidelines support only the short-term
use of medications to treat insomnia, and non-pharmacological approaches to improve sleep are attracting
more attention. As a type of non-pharmacological treatment, aromatherapy has been known as one of the most
commonly used complementary therapies [9], which is
used all over the world because it is cost-effective, noninvasive and low in side effect [10]. Aromatherapy is a
treatment that uses concentrated essential oils extracted
from herbs, flowers and other plant parts to treat various diseases. As a form of herbal medicine, it has been
used for thousands of years in countries such as Egypt
and India [11]. Essential oils are volatile oils with different dosage forms, including inhalation type, oral type and
topical type [12]. Aromatherapy makes use of the interaction of essential oils with the olfactory system to affect
the connection between body and mind [11, 13], thereby
improving the physical condition.
Increasing attention has been paid to aromatherapy
as an alternative therapy for improving sleep in cancer
patients. However, previous studies on the effect of aromatherapy on sleep quality have yielded controversial
results. Therefore, the purpose of this study was to systematically review the existing studies, evaluate the effect
of aromatherapy on the improvement of sleep quality in
cancer patients, and provide evidence and reference for
the application of aromatherapy in constructing an effective sleep regimen in cancer patients.

Methods
This study was conducted in accordance with the Preferred Reporting Items for Systematic Reviews and MetaAnalyses (PRISMA) guidelines [14].
Search strategies

Seven databases (Cochrane Library, PubMed, Embase,
CBM, Wanfang, VIP, and CNKI) were systematically
searched from inception to November 2021 for randomized controlled trials (RCTs) with no language restrictions. Two researchers independently read the title,
abstract and full text to screen the studies that were
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eligible for the meta-analysis. If there was any dispute,
a third party would be asked to make an arbitration. In
addition, the reference lists of the identified articles were
used to search for further potentially relevant articles.
(The specific search strategy for PubMed is shown in
Appendix as an example.)
Inclusion criteria
Participants

Patients who were ≥ 18 years old, diagnosed with cancer and met the diagnostic criteria for sleep disorders
(regardless of age, gender, ethnicity, cancer type, cancer
stage and current form of treatment).
Intervention and control group

The intervention group used aromatherapy as the intervention measure on the basis of symptomatic treatment;
the control group used usual care (including basic nursing, psychological nursing and health education and so
on) or placebo care.
Outcomes

Trials using sleep quality as a primary or secondary outcome and containing extractable sleep quality scores
were included. Sleep quality was measured using assessment tools, such as the Richards-Campbell Sleep Questionnaire (RCSQ) and the Pittsburgh Sleep Quality Index
(PSQI). (The description of assessment tools is shown in
Supplement Table 1).
Study design

Only randomized controlled trials (RCTs) were eligible.
Data extraction

Two researchers extracted information and data independently from the included RCTs, and a third party
was invited to make an arbitration in the case of any
disagreement. Basic data extracted mainly included: first
author and publication year of the study, characteristics
of patients, characteristics of intervention (intervention form, time, frequency, dosage, program length) and
control group (control measure, program length or contamination), type of aroma oils, outcome indicators and
adverse events.
Risk of bias assessment

The included studies were independently assessed by two
reviewers using the Cochrane Handbook for Systematic
Reviews to determine risk of bias [14]. Methodological
quality was evaluated from the following seven aspects:
random sequence generation, allocation concealment,
blinding of participants and personnel, blinding of outcome assessment, incomplete outcome data, selective
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reporting, and other sources of bias. Each category was
scored as low, unclear, or high risk of bias. Disagreements
were resolved by discussion between the two reviewers.
If no agreement was reached, arbitration by a third person resolved the issue.
Data analysis

Review Manager version 5.4 was used for data analysis.
Heterogeneity (variability of participants, interventions,
and outcomes) and methodological heterogeneity (variability of study design and risk of bias) were first assessed
with I2. If P > 0.1 and I2 < 50%, the fixed effect model was
used. If P < 0.1 and I2 ≥ 50%, the random effects model
was adopted [14]. Statistical heterogeneity was the result
of clinical or methodological diversity or both in the
study [14]. Subgroup analysis was performed if moderate clinical heterogeneity was found. Continuous data
were synthesized using Mean difference (MD), Weighted
Mean difference (WMD) and standard Mean difference
(SMD). Sensitivity analysis was used to investigate the
influence of fixed effects or random effects model analysis on results and any assumptions that had heterogeneity. Reporting and publication bias were assessed by
visually examining the degree of asymmetry of a comparison-adjusted funnel plot made from outcome indicators.

Results
Literature search

A total of 2056 articles were retrieved, and 517 articles
were deleted after duplicate checking. After repeatedly
reading the title and abstract of the articles to exclude
ineligible studies, 58 articles were left. When reading the
full text, 44 articles were deleted (11 non-RCTs, 25 articles with inappropriate intervention or control measures,
8 articles without sleep quality outcome indicators). A
further 4 articles were excluded for having not provided
sufficient data for further analyses. Therefore, a total of
10 articles were included in the final meta-analysis [15–
24], including 933 patients (see Table 1). The process of
literature identification and selection is shown in Fig. 1.
Characteristics of the included trials

The characteristics of the patients, interventions, controls, outcome measures, and adverse events are shown
in Table 1.
Participants

A total of 933 participants were included in the ten
RCTs. All the participants were diagnosed with cancer.
The mean age of the participants ranged from 40.70 to
76.50 years. Ten trials clearly reported ethnicity, and four
trials reported cancer stage. Regarding the type of cancer, 2 trials were on breast cancer, 1 trial on liver cancer,
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1 trial on colorectal cancer, 1 trial on leukemia, 1 trial
on gastric cancer, and the remaining 3 on mixed cancer
types. In terms of current treatment, the participants in
3 trials were undergoing chemotherapy; the participants
in 4 trials were in the perioperative period; the remaining trials did not report the form or status of current
treatment.
Interventions

All trials used aromatherapy as the intervention measure for sleep disorder. The form of intervention in nine
trials was inhalation while that in one trial was massage.
The frequency of treatment was 1-7 times per week; the
dosage of aroma oils was 2-8 drops per time; the time of
intervention in all trials was in the evening.
Controls

Among the ten trials included in the meta-analysis, seven
trials used “usual care” [15, 18–20, 22–24], and three trials used “placebo” [16, 17, 21] as the control measure.
Risk of bias in individual trials

The methodology quality of the included trials was evaluated using the Cochrane Risk of Bias Assessment Tool
for RCTs (Fig. 2). Eight studies reported the method of
random sequence generation [15, 17–19, 21–24], among
which one had an unclear [16], risk and one had a high
risk of bias [20]. Five trials reported allocation concealment methods [16–19, 22] while five trials did not [15,
19, 20, 23, 24]. Aromatherapy interventions are difficult
to blind participants and personnel; therefore, all ten
trials had a high risk of bias in this domain. Three trials
reported blinding of outcome assessment [18, 19, 22],
while the rest had an unclear risk of bias. Only two trial
was rated unclear in terms of other sources of bias [15,
21] while the other eight trials had a low risk of bias in
this domain. As for selective reporting, the risk of bias
was low. With regard to incomplete outcome data, the
outcome data in all ten trials were relatively complete, so
they were all rated low risk. Overall, the risk of bias in the
included studies was moderate.
Analysis of overall effects

Ten trials reported the sleep quality of cancer patients
before and after intervention. The sleep quality of
patients in both the intervention group and control group
ameliorated after the intervention, and there were statistical differences compared with that before the intervention. The results of this meta-analysis showed that the
sleep quality scores of patients in the intervention group
[SMD = − 0.79, 95% CI (− 0.93, − 0.66), p < 0.01] were
higher than those in the control group (Fig. 3), suggesting aromatherapy had a moderate effect on improving

AG 43
CG 43

AG 24
CG 17

Zhou et al.,2021
[15]

Shammas et al.,
2021 [16]

AG 76.50 ± 10.70
11/16
CG 74.90 ± 12.90
13/17

AG 27
CG 30

AG 52
CG 48

AG1 15
AG2 15
CG 15

AG 22
CG 28

Kawabata
et al.,2020 [18]

Li et al.,2020 [19]

Heydarirad et al.,
2019 [20]

Blackburn
et al.,2018 [21]

50.00
22/28

liver cancer
Not reported

Various
Not reported

Chinese

American Leukemia
Not reported

Not reported

Breast cancer
I–IV

Japanese Various
Advanced cancer

Iranian

American Breast cancer
Not reported

Chinese

Ethnicity Cancer, Cancer
stage

AG1 47.60 ± 10.76 Iranian
3/12
AG2 50.00 ± 13.94
6/9
CG 50.20 ± 18.54
8/7

AG40.70 ± 6.20
CG 42.40 ± 7.30
female

49.47 ± 14.52
AG1 14/26
AG2 16/24
CG 22/18

Hamzeh et al.,2020 AG1 40
[17]
AG2 40
CG 40

AG 46.70
CG 48.20
female

44.00
AG 30/13
CG 23/20

Sample size Mean age(±SD)
gender (male/
female)

Author, year

Table 1 Studies included in the meta-analysis

Undergoing
chemotherapy

Not reported

Undergoing
chemotherapy

Not reported

Not reported

Perioperative
period

Perioperative
period

Treatment status

Lavender

Lavender

Type of aroma
oils

Aromatherapy
inhalation
9 p.m.,1 time
per day,8
drops,3 weeks

Aromatherapy
inhalation
Half an hour
before going
to bed,1 time
per day,5
drops,2 weeks

Aromatherapy
inhalation
8 p.m.,1 time per
day,2 drops,6
mouths

Aromatherapy
massage
8 p.m.,1 time,1 day

Usual care,
2 weeks,
not reported

Usual care,
6 courses,
not reported

Lavender/ Pepper- Placebo
mint/ Chamomile (Rose water),
3 weeks

AG1 5% rose
AG2 10% rose

Lavender

RCSQ

PSQI

PSQI

PSQI

PSQI

RCSQ

Placebo
PSQI
(Aromatic distilled
water),
1 week

Placebo
(Coconut oil),
One day before
surgery until
discharge

Usual care,
2 weeks

Control group:
Sleep
control measure, quality
length of
scale
program,
contamination

Compound essen- Usual care,
tial oils
not reported
(Lavender and
orange)

Aromatherapy
AG1 Peppermint
inhalation
AG2 Lavender
9 p.m.,1 time per
day,3 drops,1 week

Aromatherapy
inhalation
One day before
surgery until discharge,4 drops

Aromatherapy
inhalation
9 p.m., 1 time
per day,5 drops,
2 weeks

Intervention
group:
form of
intervention,
time, frequency,
drops/per
time, length of
intervention

None

Headache: 2
Sneezing: 1

Not reported

Not reported

Not reported

None

Not reported

Adverse events
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AG1 30
AG2 20
CG 20

AG 60
CG 60

AG 34
CG 35

Ozkaraman et al.,
2018 [22]

Li et al., 2018 [23]

Qi et al., 2016 [24]

Chinese

Chinese

Colorectal cancer
I–III

Stomach cancer
I–IV

Perioperative
period

Perioperative
period

Undergoing
chemotherapy

Treatment status

Aromatherapy
inhalation
Afternoon
and night,2
time per day,3
drops,10 days

Aromatherapy
inhalation
9 p.m.,1 time per
day,1 day

Aromatherapy
inhalation
9 p.m.,3 drops,2
courses

Intervention
group:
form of
intervention,
time, frequency,
drops/per
time, length of
intervention

Notes: CG Control Group, AG Aromatherapy Group, RCSQ The Richards-Campbell Sleep Questionnaire, PSQI The Pittsburgh Sleep Quality Index

AG 62.12 ± 10.13
21/13
CG 62.00 ± 8.83
19/16

63.20 ± 9.02
89/31

Various
Not reported

Ethnicity Cancer, Cancer
stage

AG1 57.73 ± 12.81 Turk
6/24
AG2 57.55 ± 12.87
3/17
CG 59.65 ± 13.37
2/18

Sample size Mean age(±SD)
gender (male/
female)

Author, year

Table 1 (continued)

Usual care,
not reported

Usual care,
not reported

PSQI

PSQI

PSQI

Control group:
Sleep
control measure, quality
length of
scale
program,
contamination

Compound essen- Usual care
tial oil
not reported
(Lavender, geranium, bergamot,
prepared according to 1:2:3)

Geranium

AG1 Lavender
AG2 Tea tree oil

Type of aroma
oils

Not reported

Not reported

Not reported

Adverse events
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Fig. 1 Flow chart diagram of literature identification and selection

sleep quality. Sensitivity analysis showed that the analysis
model was relatively stable, and the funnel plot demonstrated a moderate publication bias (Fig. 4).
Subgroup and sensitivity analysis
Treatment status

Aromatherapy could significantly improve the sleep quality of patients undergoing chemotherapy [SMD = -0.94,
95%CI (− 1.29, − 0.58), p < 0.01], and it had moderate effects for patients in the perioperative period
[SMD = -0.92, 95%CI (− 1.55, − 0.30), p < 0.01] (Table 2).
Types of cancer

Aromatherapy could significantly ameliorate sleep quality in patients with breast cancer [SMD = -0.98, 95% CI
(− 1.57, − 0.40), p < 0.01]. It had a moderate effect on
patients with digestive system cancers [SMD = -0.58,

95%CI (− 0.98, − 0.18), p < 0.01] and mixed cancer types
[SMD = -0.58, 95% CI (− 0.87, − 0.30), p < 0.01] (Table 2).
Control group

Both placebo [SMD = -0.64, 95%CI (− 0.89, − 0.38),
p < 0.01] and usual care [SMD = -0.88, 95%CI (− 1.27,
− 0. 49), p < 0.01] had an effect on sleep quality in cancer
patients. There is no significant difference between them.
Types of aroma oils

Single essential oils had a significant effect on the sleep
quality of cancer patients [SMD = -0.94, 95%CI (− 1.25,
− 0.62), p < 0.01] while compound essential oils had
no effect on sleep quality improvement [SMD = -0.21,
95%CI (− 0.57, − 0.14), p = 0.23]. In four included studies, single essential oils were subdivided into lavender
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Fig. 2 Risk of bias assessment using the Cochrane tool: (A) Overall risk of bias; (B) Risk of bias by individual trials

essential oils and other single essential oils. It was
shown that lavender essential oil and other single
essential oils both had a significant effect on the sleep
quality of cancer patients, but the effect of lavender
essential oil was much better [SMD = -1.06, 95%CI
(− 1.49, − 0.63), p < 0.01] (Table 2).

Dosage of aroma oils

In terms of the aroma oils drops used per time, 2-4 drops
of essential oil had a moderate effect on sleep quality
[SMD = -0.78,95%CI (− 1.04, − 0.51), p < 0.01] and 5-8
drops also had an effect [SMD = -1.12, 95%CI (− 2.06,
0.19), p = 0.02] (Table 2).
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Fig. 3 Overall effect of aromatherapy on sleep quality

Fig. 4 Funnel plots of sleep quality

Frequency of intervention

Whether given once a day [SMD = -0.86, 95%CI (− 1.22,
− 0.49), p < 0.01] or more than once a day [SMD = -0.66,
95%CI (− 0.94, − 0.37), p < 0.01], both frequencies of
intervention had a moderate effect on improving sleep
quality.
Dimensions of sleep

The dimensions of sleep include sleep latency, disturbance, efficiency and duration. Sleep latency refers to
the time to fall asleep, from going to bed to actually

falling asleep. Sleep disturbance refers to the clinical syndrome caused by the rhythm disorder of sleep
awakening due to various reasons, resulting in abnormal sleep quality and abnormal behavior during sleep.
Sleep efficiency refers to the actual sleep time divided
by the time spent in bed between going to bed and
waking up. Sleep duration refers to the average actual
sleep hours per night in the past month. Aromatherapy had a moderate effect on the sleep latency of cancer patients [SMD = -0.78, 95%CI (− 1.15, − 0.42),
p < 0.01], and it also had a moderate effect on sleep
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Table 2 Subgroup analyses of effect of aromatherapy on sleep quality
Subgroup

K

ES

Sample size

Random-effects analysis
SMD

EG

CG

P

95%CI
L

Fixed-effects analysis
SMD

U

P

95%CI
L

U

Treatment status
Undergoing chemotherapy

3

5

176

164

-0.94

Perioperative period

4

4

161

155

− 0.92

Type of cancer
Breast cancer

2

2

128

113

Digestive system cancers

2

2

94

95

Mixed types

3

5

157

150

Control group
Placebo

3

4

126

125

Usual care

7

10

348

334

Type of aroma oils
Single essential oil

7

11

391

366

Lavender

5

6

241

216

others

4

5

150

150

Compound essential oil

2

2

61

65

Dosage of aroma oils (per time)
2-4 drops

5

8

292

268

5-8 drops

3

4

95

101

Frequency (per day)
1 time

7

10

366

367

  > 1 time

3

4

108

92

Dimension of sleep
Sleep latency

5

5

186

196

Sleep duration

4

4

159

166

Sleep efficiency

3

3

137

138

Sleep disturbance

3

3

99

106

−0.98

−0.58

−0.58
−0.64

−0.88
−0.94

−1.06

−0.77

−0.21
−0.78

−1.12
−0.86

−0.66
−0.78

−0.17

−0.16

−0.58

−1.29

− 1.55
−1.57

− 0.98

− 0.87
−0.89

−1.27
−1.25

−1.49

−1.22

−0.57
−1.04

−2.06
−1.22

− 0.94
−1.15

− 0.58

−0.64

−0.80

−0.58

− 0.30
− 0.40

− 0.18

− 0.30
− 0.38

−0.49

− 0.62

−0.63

− 0.31

0.14

−0.51

0.19

− 0.49

− 0.37
− 0.42

0.24

< 0.01
< 0.01
< 0.01
< 0.01
< 0.01
< 0.01
< 0.01
< 0.01
< 0.01
< 0.01
0.23
< 0.01
0.02
< 0.01
< 0.01
< 0.01
0.43

0.33

0.53

− 0.36

< 0.01

− 0.95

− 0.89
− 0.99

− 0.60

−0.58

− 0.64

− 0.86
− 0.91

− 1.05

− 0.72

−0.21

− 0.77

−1.16

− 0.83

− 0.66
− 0.60

−0.35

−0.47

− 0.58

− 1.18

− 1.13
−1.27

− 0.90

− 0.81
−0.89

− 1.02
−1.07

− 1.25

− 0.96

−0.57

− 0.95

−1.47

− 0.99

− 0.94
− 0.67

− 0.45

−0.54

−0.80

− 0.72

− 0.66
−0.72

−0.31

−0.34

− 0.38

− 0.70
− 0.76

− 0..85

− 0.48

0.14

−0.60

−0.84
−0.68

−0.37
−0.52

− 0.26

− 0.04

0.36

< 0.01
< 0.01
< 0.01
< 0.01
< 0.01
< 0.01
< 0.01
< 0.01
< 0.01
< 0.01
0.23
< 0.01
< 0.01
< 0.01
< 0.01
< 0.01
< 0.01
< 0.01
< 0.01

Note: K number of studies, ES number of effect size, AG aromatherapy group, CG control group, SMD standardized mean difference effect size, L lower, U upper

disturbance [SMD = -0.58, 95%CI (− 0.80, − 0.36),
p < 0.01]. As for sleep efficiency, its effect was not statistically significant [SMD = -0.16, 95% CI (− 0.64,
− 0.33), p = 0.53], Aromatherapy also did not affect
sleep duration [SMD = − 0.17, 95% CI (− 0.58, 0.24),
P = 0.43]. However, sensitivity analysis showed that
Aromatherapy affected sleep efficiency and sleep duration, which means the model was unstable.
Adverse events

Seven trials did not report the occurrence of adverse
events while 3 trials did [16, 20, 21], of which 2 trials
[16, 21] had no adverse events and only one trial [20]
reported the adverse reactions were headaches and
sneezing. However, no serious events were directly
associated with aromatherapy (Table 1).

Discussion
This meta-analysis including ten RCTs showed that aromatherapy interventions had a statistically moderate
effect on improving the sleep quality of cancer patients,
which is consistent with previous studies on the effects
of aromatherapy on sleep quality [11, 25, 26]. Previous
studies on aromatherapy have shown significant results
in different groups of patients with sleep disorders, such
as menopausal women [27], older patients with heart disease [28, 29], patients with burns [30], diabetes patients
[31], patients with mental disorders [32], college students
[33] and medical workers [34]. Due to the complexity of
the patient population, the results cannot fully account
for the effects of aromatherapy on cancer patients.
A meta-analysis of qualitative studies shows that
patients with advanced cancer benefit from aromatherapy with positive effects on their physical symptoms and
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psychology, including reduced pain, increased ability to
sleep, improved well-being, relief from stress and escape
from illness [35]. Subgroup analysis indicated that the
effect of aromatherapy on sleep quality was significant
for patients receiving chemotherapy and in the perioperative period. Subgroup analysis of cancer types showed
that aromatherapy intervention had a moderate effect on
digestive system cancers and mixed cancer types while
having a significant effect on improving sleep quality in
breast cancer patients, which may be related to the fact
that all breast cancer patients included were women.
A qualitative study shows that aromatherapy massage
seems to have physical and psychological benefits for
women with cancer [36]. Due to their physiological and
psychological characteristics, women are more sensitive
to odor than men [37]. These results suggest that aromatherapy can be recommended as a complementary and
alternative therapy in addition to drug therapy.
The exact mechanism of aromatherapy is not clear, but
it is generally believed that essential oils can bind to nasal
epithelial receptors and transmit neural signals to the
brain, limbic system, and thalamus to balance and treat
the individual mentally and physically through the release
of endorphins and serotonins [38–42]. The type of essential oil may affect how well it binds to these receptors.
Therefore, one important factor influencing the effect of
aromatherapy is the type of plant essential oil. Lavender,
peppermint, orange and chamomile are common in plant
essential oils. Lavender is a member of the mint family
and contains linalyl acetate, linalool and caryophyllene
[43]. Orange essential oil, the main component of which
is limonene, has a pleasant aroma, anti-anxiety and relaxation effects [44]. Chamomile essential oil is an aromatic
ester that can relieve tension and anxiety and is calming
and sleeping, and therefore has a strong psychotherapeutic healing effect [45]. The subgroup analysis of aromatic
essential oils showed that single essential oils had a moderate effect on the sleep quality of cancer patients. Lavender essential oil was selected in five of the eight RCTs
that used single essential oils, and it had a better effect
on sleep quality than other single essential oils. Lavender
is a commonly used herbal substance, and studies have
reported that lavender had the lowest risk of poisoning
and allergic reactions compared with other herbal substances [46]. The components of lavender essential oil are
absorbed through the lungs and nasotracheal mucosa,
sending signals to the olfactory system that stimulate the
brain to secrete neurotransmitters γ- aminobutyric acid.
γ-aminobutyric acid has sedative, anti-anxiety and mental relaxation effects, thereby regulating sleep disorders
[47]. In addition, the results of this study indicated, compared with single essential oils, compound essential oils
had no effect on sleep quality improvement. There are
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several possible reasons behind this. According to subgroup analysis, in Kawabata’s study [18], patients received
only one aromatherapy intervention; the low frequency
of the intervention may be one reason for the insignificant improvement in sleep quality. In Qi’ study [24], compound essential oils were composed of single essential
oils (lavender, geranium, bergamot) in a ratio of 1:2:3.
Although lavender, geranium and bergamot alone can
improve sleep quality, the effect of compound essential
oils are not as good as that of single essential oils due to
the change in the proportion of various substances. The
insignificant effect of compound essential oils on sleep
quality improvement may also be related to the small
sample size included in this meta-analysis (only 2 studies), and more studies are needed to explore its effect in
the future.
Among ten RCTs included in this meta-analysis, all the
studies chose to provide aromatherapy intervention for
patients in the evening. Therefore, we suggest that aromatherapy be provided in the evening to achieve satisfactory results. By analyzing the effects of aromatherapy
on different dimensions of sleep, we found that aromatherapy had a significant effect on reducing sleep latency
in cancer patients, resulting in improved sleep quality.
In addition, aromatherapy was also effective in the treatment of sleep disturbance. However, the effect of aromatherapy in regulating sleep duration and sleep efficiency
is still unknown, and a large number of trials are needed
in the future to determine its effect. In terms of the dosage of essential oils used per time, we found that 2-4
drops of essential oils and 5-8 drops of essential oils were
both effective in improving sleep quality. From this, we
infer that 2-8 drops might be the appropriate dosage for
aromatherapy. In terms of the frequency of intervention,
seven of the RCTs provided aromatherapy once a day
while the other three gave it more than once a day. Subgroup analysis showed that both frequencies of intervention had a moderate effect on sleep quality improvement.
Therefore, it can be concluded that aromatherapy is effective in improving sleep quality of cancer patients regardless of the frequency of intervention. Future studies with
larger sample sizes are needed to verify our inference.
Limitations of the current study

Although this meta-analysis provides a comprehensive
review of the literature on improving sleep quality of cancer patients with aromatherapy, it still has some limitations. Firstly, the number of included trials was not very
large, with only ten RCTs. Secondly, the quality of the
included trials was not very high. Thirdly, due to the limitation of original data, there were not enough reports on
the type and procedure of aromatherapy in the included
trials, so we did not conduct a subgroup analysis of
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inhalation and massage aromatherapy. Fourth, due to the
difference in duration of intervention in this study, we
did not perform a subgroup analysis of the intervention
duration. In addition, the minimum clinically important
difference (MCID) values of the two scales used to measure sleep quality were uncertain. Therefore, in future
meta-analyses, trials with a larger sample size and a
multi-center design can be included to provide more reliable guidance for clinical sleep care of cancer patients.

Conclusion
Aromatherapy can significantly improve the sleep quality of cancer patients and can be considered as a complementary therapy for sleep care in cancer patients. It
is especially effective for breast cancer patients, patients
undergoing chemotherapy, and those in the perioperative
period. 2-8 drops are the proper dosage of essential oils
used per time. The effect of single essential oils is better
than that of compound essential oils, and lavender essential oils has the best effect, so it can be considered as a
priority in treatment.
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