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Effects of Aromatherapy on Sleep Quality: A Systematic Review and Meta-Analysis
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Purpose: The purpose of this study was to investigate the effects of aromatherapy on sleep quality. Methods: This is a systematic review of ran-
domized controlled trial studies (PROSPERQ registration number CRD42017064519). In this study, the PICO were adults and the elderly, aroma-
therapy intervention, a comparative intervention with the control and placebo oil groups, and sleep. The selected articles were in English, Kore-
an, and Chinese, Results: The results of the meta-analysis showed that the effect sizes of the experimental group were 1.03 (n=763, SMD=1.03,
95% Cl 0.66 to 1.39) (Z=5.47, p<.001). In the aromatherapy intervention group, the effect size of sleep was statistically significant (Qz=9.39, df=2,
0=.009), with a difference of 0.77 for inhalation, 1.12 for oral intake and 2.05 for massage. A post-analysis showed that the effect of massage on
sleep was significantly greater than the inhalation method. The regression coefficient of the intervention period, B=0.01 (Z=1.43, p=.154), also
showed that the longer the intervention period, the larger the effect size; however, it was not statistically significant. Conclusion: A total of 23
literature analyses showed that aromatherapy is effective in improving quality of sleep, and the massage method is more effective in improving
quality of sleep than the inhalation method. A meta-ANOVA showed that the aromatherapy intervention affected the high heterogeneity of the
effect size. Thus, future research with stricter control in methods and experimental procedures is necessary.
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Figure 1. Flow chart of study selection process.
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Figure 2A. Risk of bias graph: review authors” judgements about each risk of bias item presented as percentages across all included studies.
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Figure 2B. Risk of bias summary: review authors judgements about
each risk of bias item for each included study.
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Figure 2C. Funnel plot of comparison.
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Table 1A. Summary of RCTs Examining Aromatherapy Effects on Sleep Quality in Adult and Elderly with Disease
First author Study des.|gn Intervention group Aroma Comparison group Main outcome Intergroup Author’s
Sample size . i . . .
(years) (regime) oils (regime) measures  difference conclusion
Age (yrs)
Soden Parallel study (A) Aromatherapy  Lavender (B) Placebo back  Sleep quality NS ‘In this study of patients
(2004) Single blind back massage Sweet massage (n=13)  (VSH) with advanced cancer,
42 patients with (n=16) almond 4 weeks the addition of lavender
cancer 4 weeks Once a week, essential oil did not
(44~85) Once a week, 1 time/day, 30 min appear to increase the
1 time/day, 30 min beneficial effects of
() No treatment massage.
(n=13)
Lewith Crossover (A) Aroma Lavender (B) Placebo Sleep quality  1st period ‘.. be effective in evaluating
(2005) Single blind inhalation Sweet inhalation (PSQI) 0=.007 lavender as a hypnotic
10 participants (n=5) almond (n=5) agent for mild insomnia’
PSQI>5 (18~50) 7 days/overnight 7 days/overnight
7 days (washout) 7 days (washout)
Taibi Parallel study (A) 600 mg Valerian  Valerian (B) Placebo Sleep quality NS ‘The study did not find any
(2009)" Single blind extract (n=7) Soybean 100 mg soybean  (0~10 NRS) significant differences
15 arthritis patients 5 nights oil (n=8) between the valerian and
PSQI>5 1 capsul/day 5 nights placebo either in statistical
(A:39.29£18.67) (1 hour before 1 capsul/day comparisons...”
(B:53.13£10.73)  bedtime) (1 hour before
bedtime)
Kasper Double-blind, (A) 80 mg Lavandula Lavender (B) Placebo Sleep quality  p=.008  ‘Lavandula oil preparation
(2010) Multi centere trial  oil (n=87) 0.08 mg Lavandula (PSQI) had a significant beneficial
Two stage design 10 weeks oil (n=90) influence on quality and
177 anxiety patient 1 capsul/day 10 weeks duration of sleep...
(18~65) (at morning) 1 capsul/day (at
morning)
Moeini Parallel study (A) Aroma Lavender (B) No treatment ~ Sleep quality ~— p<.001 ‘Quality of sleep IHD
(2010)" 64 IHD patients inhalation (n=32) (SMHSQ) disease patients was
(55.7¢7.7) (n=32) significantly improved
3 nights after aromatherapy’
(9 PM~6 AM)
Won Parallel study (A) Aroma leg Peppermint  (B) No treatment ~ Sleep quality ~ NS ‘Aromatherapy
(2011) 42 participants massage Eucalyptus (n=21) (Korean sleep massage could not be
Elderly with (n=21) Rosemary scale A, Oh) recommended as an
osteoarthritis 4 weeks (5:2:3) effective intervention to
(60~81) 2 times/week increase sleep quality...’
20 min/day
Chien Parallel study (A) Aroma Lavender (B) No treatment ~ Sleep quality ~— p<.001 ‘Women receiving
(2012) 60 midlife women inhalation (n=31) (CPSQI) aromatherapy
CPSQI>5 (n=29) experienced a significant
(45~55) 12 weeks improvement in sleep
2 times/week quality after intervention.’
20 min/day
Choi Parallel study (A) Aroma Lavender (B) No treatment ~ Sleep quality =030  ‘Aroma inhalation is an
(2012) 36 patients inhalation (n=20)  Majoram (n=16) (Korean sleep effective paramedical
Essential 2 weeks Ylang ylang scale A, Oh) intervention for
hypertension 3 times/week (4:3:3) patients with essential

(>60, 60~69,70=)

3 times/day, each
3 min

hypertension’
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Table 1A. Continued
) Study design . . .
First author . Intervention group Aroma Comparison group Main outcome Intergroup Author’s
(years) sample size (regime) oils (regime) measures  difference conclusion
Age (yrs)
Taavoni Parallel study (A) 160 mg Valerian (B) Placebo 50 mg Sleep quality ~ p=.048  ‘Valerian/lemon balm
(2013) Triple blind valerian+80 mg Lemon balm  starch capsule (PSQI) may assist in reducing
100 patients lemon capsule (2:1) (n=50) symptoms of sleep
PSQI>5 (n=50) 1 month disorder during the
(50~60) 1 month menopause.
Hajibagheri Parallel study (A) Aroma Rose (B) No treatment  Sleep quality ~— p=.031 ‘Lavender aroma improved
(2014)" 60 cardiac patients  inhalation (n=30) (rosa (n=30) (PSQI) sleepiness at awakening
(A:61.40£11.64) 3 days, Overnight damascene) after the intervention...’
(B: 63.90£10.23)  (22:00~06:00)
Lytle Parallel study (A) Aroma Lavender (B) No treatment ~ Sleep quality NS ‘Aromatherapy may be an
(2014)"  Pilot study inhalation (n=25) (RCSQ) effective way to improve
50 ICU patients (n=25) sleep in an ICU’
(A: 50£20) One day, Overnight
(B: 54+15) (22:00~06:00)
Vitinius Crossover (A) Aroma Rose (B) No treatment ~ Sleep quality ~ 1st ‘Odorant application is
(2014) 27patients (female) inhalation (n=14) (SF-A) treatment well tolerated. It may
BDI=9 (n=13) 3 night 0=.043 have a positive influence
BDI-2=10 Fallen asleep & Wash out-2 night on quality of... sleep in
(20~49) stopped 5~6 a.m./3 depressed patients.’
night
Wash out-2night
Karadag  Parallel study (A) Aroma Lavender (B) No treatment ~ Sleep quality ~ p=.019  ‘Lavender essential oil
(2015)" 60 ICU patients inhalation (n=30) (PSQl) increased quality of sleep
(18~35) (n=30) and reduced level of
15 days anxiety in patients with
20 min/night coronary artery disease...’
(went to sleep)
Choi Parallel study (A) Aroma Sandalwood  (B) Placebo Sleep quality NS ‘...inhalation of
(2016) Single blind inhalation Geranium almond oil (n=27) (VSH) aromatherapy essential oil
54 perennial (n=27) Ravensara 7 days may have potential as an
allergic rhinitis 7 days 2 times/day, 5 min effective intervention to
patients 2 times/day, 5 min alleviate perennial allergic
(20~60) rhinitis...”
Li Parallel study (A) Aroma massage  (A) Lavender  (C) No treatment ~ Sleep quality ~ p<0.05  ‘Inhalation different
(2016)" 56 elderly people  (n=18) Bergamot (n=20) (PSQI) concentration of lavender
with sleep Neck, palm, wrist, Sweet orange essential oil improves
disorders arm and shoulder (2:1:1) the insomnia patients
(=60) 20min, 2 times a in hospital safely and

week for 8 weeks  (B) Lavender,
Bergamot
(B) Aroma inhalation Sweet orange
(n=18) (1:1:1)
5~10min, 2 times a

week for 8 weeks

effectively through
olfactory pathway. The
1% concentration has the
better effect. The grape
seed oil has no effect on
improving insomnia.’

QIR = o] A Al 2.1, S 8 Al 111, QS (28]19) A
oM ZHIE, Al2hg, H7HE 1:2:3, Bo (2919
T2, AlRke, 2eFAI0IX] 5:4:5:401%]0,

SEERERE]

A7 1]
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Table 1A. Continued

oN

oj2 - 28l - 5

OE
o

) Study design .
First author e .lg Intervention group Aroma
Sample size . .
(years) (regime) oils
Age (yrs)
Qi Parallel study (A) Aroma Lavender
(2016)"  Single blind inhalation Geranium
135 colorectal (n=34) Citrus
cancer 2 times a day for bergamia
(A162.12£10.13) 1 week (1:2:3)

(B: 62.00+8.83)
(e 61 .06£9.09)
(D: 61.64+10.40)

Comparison group Main outcome Intergroup
(regime) measures  difference

(B) No treatment ~ Sleep quality ~ p<0.05
(n=35) (PSQI)

(Q) Auricular
acupressure
(n=33)

20 min, once daily
for 1 weeks

0) (A)+(O)

Author's
conclusion

‘Auricular acupressure

combined with
aromatherapy could
effectively improve
quality of sleep of the
patients...perioperative
period, and the effects
are superior to these of
auricular acupressure
and aromatherapy

respectively.’
Table 1B. Summary of RCTs Examining Aromatherapy Effects on Sleep Quality in Postpartum Status
) Study design . . .
First author . Intervention group Aroma Comparison group Main outcome Intergroup Author’s
(years) IS (regime) oils (regime) measures  difference conclusion
Age (yrs)
Afshar Parallel study (A) Aroma Lavender (B)Placebo Sleep quality — p=.033  ‘...effects of aromatherapy
(2015)"  Single blind inhalation inhalation (n=79)  (PSQI) on the improvement of
158 postpartum (n=79) 8 weeks mother’s sleep quality
mothers (18~35) 8 weeks 4 times/week during postpartum...
4 times/week At night before
At night before sleep sleep
Mirgha-  Parallel study (A) Aroma oil 10 Orange (B) Placebo oil 10 ~ Sleep quality  p=.001  ‘Orange peel essential oil
fourvand  Triple blind drops in a glass of drops in a glass of  (PSQI) has a positive effect in
(2016)" 96 postpartum water (n=48) water (n=48) improving mothers’ sleep
women 8 weeks 8 weeks quality in the postpartum
(28.55.8) 3 times/day, after 3 times/day, after period...
each meal each meal

A7) FEHSE 230 B FUAQ] 0 Ag FHole &
T2 Z7519t) Pittsburgh Sleep Quality Index (PSQI7} 122
(52.1%) 2.2 7P Wkl Verran Synder—Halpern sleep scale
(VSH) 3%(13.1%), Korean sleep scale 2H(8.7%), 71 5ol 67}
(261%)9] =77t A= & 7B F7Y £ HEE $HY
FE ZH5l= vlgko] ‘SRE H4y) oW
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2A, B). 71 E 5 FEE aigea] AL 213091.3%), TS
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HeA 23le 13 (66.5%) Tl AFEo] APt He Aoz
B7Isigint. Aoatel dgAtol tidh =7k 3H(130%), 2R
H7toll digh =7Fae THE04A%) NN AFsha o] =7t =
< Ao r WsiGit. EFERE Abgol tigh Ag-2 18%(78.3%),
Alea] Axe vof disidE 23H(1000%), BHdS Hdste o
2 Aol thelis 208E70%) 02 AUEES WA B
A FylAz 2ake) uA4eA] A o] 71 odn s} ko,

o

=

A (single blind) S &-8-5153t}

£ & 7] 20D el St d OISR 488 <
Sk et rolRe Al B w1 9%

A 0L, ol olznielely] S B4 Al e thyRtel
71o] ofgy] wiold, & o] EFH

TR 23] RCTel theh 23] A 37t A3} 770 =0l
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Table 1C. Summary of RCTs Examining Aromatherapy Effects on Sleep Quality in Healthy Adult and Elderly

First author Study des.|gn Intervention group Aroma Comparison group Main outcome Intergroup Author’s
Sample size . . . . .
(years) (regime) oils (regime) measures  difference conclusion
Age (yrs)
Hirokawa Parallel study (A) Aroma Lavender (B) Placebo Sleep quality  p<.01 ‘Lavender aroma improved
(2012)"  Single blind inhalation inhalation (n=8)  (OSAS) sleepiness at awakening
15 healthy (n=7) 5 days after the intervention...’
students (19+0.9) 5 days Overnight
Overnight
Bo Parallel study (A) Aroma Lavender (B) Placebo aroma Sleep quality ~ p<0.01 ‘Massage+CEO can
(2014)"  Single blind massage+HM Frankincense  massage+HM (PSQI) effectively improve sleep
60 perimenopausal  (n=30) Geranium (n=30) quality of perimenopausal
syndrome Aroma massage: Clary sage Massage: 25 min, syndrome sufferers...
(A: 48.67£3.41) 25 min (5:4:5:4) 3 massage
(B:48.73+3.71)  3timesaweek for  Sweet 3 times a week for
14 treatment almond 14 treatment
HM: 3 times a day HM: 3 times a day
Lillehei Parallel study (A) Lavender Lavender (B) Placebo Sleep quality  p=.01 ‘Lavender and sleep
(2015) Single blind patch+sleep patch+sleep (PSQI) hygiene together, and
72 students hygiene hygiene sleep hygiene alone to a
(18~36) information information lesser degree, improved
(n=37) (n=35) sleep quality for college
Overnight /6 days Overnight/6 days students.
Ghods Parallel study (A) Aroma Lavender (B) Placebo Sleep quality NS ‘... lavender essential oil
(2016) Single blind inhalation (n=39) inhalation (n=39) (PSQ!) had no significant impact
78 nurses 4 weeks 4 week on sleep quality of the
(18~35) Each shift for 2 Each shift for 2 nurses ....
hours hours
Kim Parallel study (A) Aroma Lavender (B)No treatment ~ Sleep quality ~ p=.008  ‘..inhalation of aroma
(2016)" 60 healthy adults inhalation (n=30) (n=30) (VSH) essential oil had effects
(A:25.83£2.51) 3 days, 3 min/day to increase the quality of
(B: 25.10£2.04)  Asked to sleep, sleep...
during sleep

BDI=Beck Depression Inventory; CEO=Compound Essential Oil; CPSQI=Chinese Pittsburgh Sleep Quality Index; HM=Herbal Medicine; ICU=Intensive
Care Unit; IHD=Ischemic Heart disease; NRS=Numeric Rating Scale; NS=No Significant; OSAS=0guri-Shirakawa-Azumi Sleep Inventory;
PSQI=Pittsburgh Sleep Quality Index; RCSQ=Richard Campbell Sleep Questionnaire; SF-A=Sleep Questionnaire A; SMHSQ=St Mary’s Hospital Sleep
Questionnaire; VSH=Verran Synder-Halpern sleep scale.

“Studies included meta-analysis.

¥ 93] e A= Wiskgrk ofeid AUE MPgeE W) Urehh(Higains =81%) MEIEE A (subgroup analysis)

2390] B9 UA BASIGL, o] Fol 128S OPH RS & AlskickFigure 34) (Appendix 3, HEIFEMS WRE-L

27t BAX|Z, SIoFEe 2 TRt APE AN 11 A

G2 GOFEOR Utro] BAlslgT) BAIRIZE Aol A
1) OF20LEfi2H| 7} 4:310] Zoj Oj3/ &7 bl @ Fb ol PR XIS WA e YRS Sfuiict

5 2389 B4 2 FolH Ax] Bl 153 128

goz olznidelst £9e] ol uxle AUE Hmelgck of (1) olznielEy] gt FAIxlEe Swel A 3t Hla

[e]

3. OL20}E|2H|7t 40i0| Xoj| 0|2|= &3t

e

Z2utdet] Ageat vlagt 7He] g337]= Agdo] vlustE AT FEEE SHEGHK] %2 Ao Z Yeht(aroma G. vs no
103 (n=763, SMD=1.03, 95% CI 066 to 1.39) Z7}a27} Y1, treatment G.: Higgins [°=64%) HdgaEgo 2 M5ttt

EARCE FoJgt &folE ERTHZ=547, p<00D). 234 =2 o]  (Figure 3A). 1 23}, HY| A2 092 (SMD=092; 95% CI 057
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A Experimental
Study or subgroup Mean SD Total

Comparison Std. mean difference Std. mean difference
Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% ClI

1.1.1 Aroma vs no treatment

Hajibagheri 2014 -5.63 5.13 30
Karadag 2015 -7.60 2.83 30
Kim 2016 56.13 10.87 30
Li 2016 (A) -3.67 214 18
Li 2016 (B) -589 285 18
Lytle 2014 48.25 32.09 25
Moeini 2010 -13.97 258 32
Qi 2016 -8.85 2.234 34
Subtotal (95% CI), 217

Heterogeneity: Tau’=0.16; ChI’=19.72, df=7
Test for overall effect: Z=5.14 (p<0.00001)

1.1.2 Aroma vs placebo

Afshar 2015 -6.79 236 79
Bo 2014 -447 211 30
Hirokawa 2012 16.30 48 7
Mirghafourvand 2016 -4.80 2.6 48
Taibi 2009 6.10 19 7
Subtotal (95% CI) 171

Heterogeneity: Tau’=0. 84; Chl’=41. 62, df=4
Test for overall effect: Z=2.61 (p=0.009)

Total (95% ClI) 388

-926 30 30 84%

0.8 ,1.38]
-938 26 30 84% 06

13

1.9

2
3,1.17]
.75, 1.88]

Now

5

5

41.83 1058 30  8.2% 2

-79 208 10 6.1% 4

-79 208 10 69% 0.75[-0.05, 1.55] -

401 2342 25 82% 0.29[-0.27,0.84] .
-1868 352 32 82%  1.51[0.95,2.07]
-9.91 203 35 87%  0.49[0.01,0.97]
202 63.1%  0.92[0.57, 1.27]

(p=0.006); I’=64%

<
-756 114 79 95%  0.41[0.10,0.73] -
-88 196 30 7.8% 2.10[1.46,2.74] —_—
112 48 8 53% 1.00[-0.10,2.10] -
-99 26 48 86%  1.95[1.46,2.43] —
58 14 8 57% 0.17[-0.85,1.19] —
73 36.9%  1.15[0.29, 2.02] -
(p<0.00001); I’=90%
<

375 100.0%  1.03 [0.66, 1.39]

Heterogeneity: Tau’=0.35; Chl’ =61.97, df=12 (p<0.00001); 1’=81% t t t t

Test for overall effect: Z=5.47 (p<0.00001)

-4 -2 0 2 4

Test for subgroup differences: ChI’=0.24, df=1 (p=0.63); ’=0% Comparison Experimental

Figure 3A.

Forest plot of the effects of aromatherapy on sleep quality.

to 1.27) S7FEI7E A3, SAHCE [ofet AbolE Hlt Ago] Q= tbAl, A8 ARt AT digats SESIAl &

(Z=514, p<001).

() otzrleleky Agza 9]

0 19

0

=
& 702 Yeh}(adult with disease: Higgins *=62%, postpar—
tum status: Higgins [*=96%, healthy adult: Higgins [*=55%) 2l

ko] 22mol Al 3} H|n gavrgo 2 BAsI9t(Figure 3B). 1 23, of2uleleh]s=

Ae] FA/GL FHEGA] &2 A2 Ye(aroma G. vs pla-  AHo] Q= AR Y] HE 081 (SMD=0.81, 95% CI 045

cebo G.: Higgins F'=90%) gz
3A). 71 Ay}, el Fe 115 (SMD=1.15, 95% CI 0.29 to 2.02) Ath(Z=4.37, p<001). o}Zntetuls AHE7] Aol ol Zg

RSt Figre o 1L17) S/l B3Pt giom, BAROR fow xjolg 1

|

=7taIpt QJQa, BARCZ ,]6& AtolE BH(Z=261, 117 (SMD=1.17, 95% CI —0.33 to 2.67) Z7M171= &3} e

p=009). U BARCR FJ3k Aol §iith(Z=152, p=.13). 13+ diit
RrollAl o] 2L 154 (SMD=154, 95% CI 092 to 2.17)¢] &7}
2) OLZ OE{|2H| 7} CHAFRFS| HZAEfOf T2 4= Zof| Al At YL, FARCE FOTE AtolE BEATH(Z=4.83,
0|2|= &4 H|m p<00D).
ofZuteletu7} ti/gate] 17 dele] wE 4o Ao njx|= &

g BA5] Sls MEIEEAS oFch(Figure 3B) (Appendix  3) OF= 0|2t SAHY O T2 +=312] 20 D|2|= 22t B0
o]

l‘l

_|\l

3). Aol i ThIRIR AlEt b THE RSl ABe 4 olznieleks) Aol G2 Su A
FAVAR(30,31, ARG, SR BB, S]] o) UPEH AR 1e)3 PR RO o] A

(13], 23 A28loI3let. 2871 AR (12,355 tVde 2 slld 28 EOFEAS Al¥siick(Figure 3C, D) (Appendix 3).
o] A7t A7) Belz Estol ZAsIIE 87172 Al &

o] 3lE7lolH, Eiko 2 Q1% FAlA, AMA AZEAE Felot @) ot=2utelets] Ao whE AT BRI $HY
7] Sfa FAQ o5k #elE F7IF R He 545 Aejol] A 5} v

o Zoltt36]. 1S HALE o2 AlRSH A 39 Y Aol FAge A g2 Ao 2 Yeht(inhalation:
[29,37,38]0]3ict. Higgins '=59%) 9@ #wg o2 BAs19c}(Figure 3C). 11 2
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B Experimental Comparison Std. mean difference Std. mean difference
Study or subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% ClI
2.1.1 Adult and elderly with disease
Taibi 2009 61 19 7 58 14 8 57% 0.17[-0.85,1.19] —_—t
Qi 2016 -8.85 2234 34 -991 203 35 87% 0.49][0.01,0.97] ——
Moeini 2010 -13.97 258 32 -18.68 352 32 82% 1.51[0.95, 2.07] —
Lytle 2014 48.25 32.09 25 40.1 2342 25 8.2% 0.29[-0.27,0.84] -
Li 2016 (B) -589 285 18 -79 208 10 6.9% 0.75[-0.05, 1.55] —
Li 2016 (A) -367 214 18 -79 208 10 6.1% 1.94[0.99, 2.88] —_—
Karadag 2015 -76 283 30 -938 26 30 84% 0.65[0.13,1.17] —
Hajibagheri 2014 -563 513 30 -926 30 30 84% 0.85[0.32,1.38] —_—
Subtotal (95% CI), 194 , 180 60.6%  0.81[0.45,1.17] <o
Heterogeneity: Tau’=0.16; ChI’=18.36, df=7 (p=0.01); I'=62%
Test for overall effect: Z=4.37 (p<0.00001)
2.1.2 Postpartum status
Mirghafourvand 2016 -4.8 2.6 48 -99 26 48 8.6% 1.95[1.46, 2.43] —
Afshar 2015 -6.79 236 79 -756 114 79 95%  0.41[0.10,0.73] —_
Subtotal (95% CI), 127 27 18.1% 1.17 [-0.33, 2.67] e
Heterogeneity: Tau’=1. 13; chi? =26.65, df=1 (p<0.00001); I"'=96%
Test for overall effect: Z=1.52 (p=0.13)
2.1.3 Healthy adult and elderly
Kim 2016 56.13 10.87 30 41.83 1058 30 8.2% 1.32[0.75, 1.88] —
Hirokawa 2012 163 48 7 112 48 8 53% 1.00[-0.10,2.10] —
Bo 2014 -447 211 30 -88 196 30 7.8% 2.10[1.46,2.74] —_—
Subtotal (95% CI), 67 68 21.3% 1.54[0.92, 2.17] S
Heterogeneity: Tau’=0. 17; Chl’=4. 46, df=2 (p=0.11); 1°=55%
Test for overall effect: Z=4.83 (p<0.00001)
Total (95% CI) 388 375 100.0%  1.03[0.66, 1.39] . 2
Heterogeneity: Tau’=0.35; ChI’=61.97, df=12 (p<0.00001); I°’=81% ’4 ’2 5 é "1

Test for overall effect: Z=5.47 (p<0 00001)

Test for subgroup differences: Chl’=4.02, df=2 (p=0.13); | ?=50.2%

Comparison Experimental

Figure 3B. Forest plot of aromatherapy on sleep quality according to health status.

S0] HHo A

o, ofzneet FY WS+ 083 (SMD=0.83, 95%
CI 050 to 1.16) Z7HX7]1= &7} Qi9len, EAR = olst &}
0|2 BHYTh(Z=492, p<001). o}=utelels] oAR] e 4Ho
25 194 (SMD=1.94, 95% CI 099 to 2.88)2] Z7M71= a7}
UL, AR CZ gt xtol7E QRITh(Z=4.01, p<.00D).

[e]
Hol Z&

(2) ot=Znteety] FAPYHol whe vt flokte] $He A
a3t e

590l Zx)] dAto] =AML =X, 7 AF dAts TAl
BIR] k& 710 2 LFeh (inhalation: Higgins 1*=1%, oral adminis—
tration: Higgins ’=89%) A& Eatw=3 o = B A1t} (Figure
3D). I 2, otznutEy] Y YHE £ HE 046
(SMD=046, 95% CI 0.15 to 0.78) 7171+ &3} Qlgler, &
AFOZ folgt xlo|E B THZ=2.86, p=.004). ot2utestez] -
7 A% e vl S 112 (SMD=112, 95% CI -062 to
2.85) 771 &t o, AR CE Folgt Atol7t ¢l
thZ=1.26, p=21). ok=ntel2ty] wpARK] e +9e) 2E 210
(SMD=2.10, 95% CI 146 to 274)2] Z7M |7l &7k %L,
AR o2 [oJst xFo)7}F YATHZ=645, p<001).
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4) OF=0te|[2tI| Ot2 00|l -2 2 U0l [hE 4-O| A0f| O|2|=

k=ary=1jm}

ofzntollAld ool whE o] wlxl= a3tE vlwsl| s
AlglFat SRl dEla ATt YIoFEe 2 U] AR
A& Al (Figure 3E, F) (Appendix 3).

(1) ot=Zntelty] ofAld
o) axHlal
e} 9 ThE ARG} 2hTie) 7]e) of] eUs Ejtste] AL
A= 54 SIK] Z& Ao 2 Yeht(Lavender EO: Higgins
=75%, blending of lavender and other EO: Higgins '=72%) 2
danrgo g 2Ms9IcH(Figure 3E). 1 A3}, 2y 9 d=
A2 o] HE 094 (SMD=094, 95% CI 0.38 to 149) 37}
A7le 27t dglen, SAE R fofgt xlolE BYith(Z=33,
p<O01). 718 B 2 95 ARE-E 19| 25 085 (SMD=
0.85, 95% CI 0.32 to 1.38) 37M17l= &3P} QUL, BAK =
Ik zbol7} AATHZ =315, p=1002). 2HHIEie} 7]et ofg] oo
29 AHg-2 41l S 098 (SMD=098, 95% CI 018 to 1.79)
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c

Experimental No treatment Std. mean difference Std. mean difference
Study or subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% ClI
3.1.1 Inhalation
Hajibagheri 2014 -563 513 30 -926 3.0 30 13.7% 0.85[0.32, 1.38] ——
Karadag 2015 -76 283 30 -938 26 30 13.9% 0.65[0.13, 1.17] ——
Kim 2016 56.13 10.87 30 41.83 10.58 30 13.2% 1.32[0.75, 1.88] —
Li 2016 (B) -5.89 285 18 -79 208 10 9.8% 0.75[-0.05, 1.55] —
Lytle 2014 48.25 32.09 25 40.1 2342 25 13.3% 0.29[-0.27,0.84] T
Moeini 2010 -13.97 258 32 -18.68 352 32 13.3% 1.51[0.95, 2.07] ——
Qi 2016 -8.85 2234 34 -991 203 35 14.6% 0.49[0.01, 0.97] —
Subtotal (95% CI) 199 192 91.8%  0.83[0.50, 1.16] X 2

Heterogeneity: Tau’=0.12; ChI’=14.61, df=6 (p=0.02); 1’=59%
Test for overall effect: Z=4.92 (p<0.00001)

3.1.2 Massage

Li 2016 (A) -367 214 18 -79 208 10 82% 1.94[0.99, 2.88] —_—
Subtotal (95% CI) 18 10 8.2%  1.94[0.99, 2.88] o
Heterogeneity: Not applicable

Test for overall effect: Z=4.01 (p<0.0001)

Total (95% CI) 217 , 202 100.0%  0.92[0.57,1.27] L 2
Heterogeneity: Tau’=0. 16; Chr*=19. 72, df=7 (p=0.006); I'=64% t t t t
Test for overall effect: Z=5.14 (p<0 00001) -4 -2 0 2 4
Test for subgroup differences: Chl’=4.67, df=1 (p=0.03); I°=78.6% No treatment Experimental

Figure 3C. Forest plot of aromatherapy on sleep quality according to type of aromatherapy (Aromatherapy vs. no-treatment).

D Experimental Placebo Std. mean difference Std. mean difference
Study or subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% ClI

4.1.1 Inhalation

Afshar 2015 -6.79 236 79 -756 114 79 227%  0.41[0.10,0.73] -

Hirokawa 2012 163 48 7 112 48 8 17.0% 1.00[-0.10,2.10] —
Subtotal (95% Cl), 86 87 39.7%  0.46 [0.15, 0.78] . 4
Heterogeneity: Tau’=0. 00; Chl*=1. 01, df=1 (p=0.31); | =1%

Test for overall effect: Z=2.86 (p=0. 004)

4.1.2 Oral

Mirghafourvand 2016  -4.8 2.6 48 -99 26 48 21.8% 1.95[1.46, 2.43] —-—

Taibi 2009 6.1 19 7 58 14 8 17.7% 0.17[-0.85, 1.19] ——

Subtotal (95% Cl), 55 ) 56 39.5% 1.12[-0.62, 2.85] ~ll—
Heterogeneity: Tau’=1.41; ChI’=9.50, df=1 (p=0.002); I'=89%

Test for overall effect: Z=1.26 (p=0.21)

4.1.3 Massage

Bo 2014 -447 211 30 -88 196 30 20.8% 2.10[1.46,2.74] —a—
Subtotal (95% CI) 30 30 20.8% 2.10[1.46, 2.74] <>
Heterogeneity: Not applicable

Test for overall effect: Z=6.45 (p<0.00001)

Total (95% CI) 171 73 100.0%  1.15[0.29, 2.02] -
Heterogeneity: Tau’=0.84; Chl’=41. 62, df=4 (p<0.00001); I'=90% } } t t
Test for overall effect: Z=2.61 (p= 0 009) ) -4 -2 0 2 4
Test for subgroup differences: ChI’=20.43, df=2 (p<0.00001); 1"=90.2% Placebo Experimental

Figure 3D. Forest plot of aromatherapy on sleep quality according to type of aromatherapy (Aromatherapy vs. placebo).

(Z=241, p=02). 2 B85 cHFigure 3F). 1 23t 2y oY o AR
o] AL 046 (SMD=046, 95% CI 015 to 0.78) Z7I71= &7}

(2) ot=2oteEty] oAl oo uk ot floFate] He]  Qlglom, BAFO R {ol3t xlolE HATHZ=2.86, p=.004). 7]et
2 & H)a 2 0¥ o= AHE2 £ g 112 (SMD=1.12, 95% CI
LS ARG G AT, Ve T2 0dS TEo0R  —062 to 2.85)2 ZVMIFIE A} giglon) BAEe R ot
AHESE e B g2 o UrE]-Ur(Lavender O: Hig-  xFol7} §iith(z=1.26, p=.210). 2hiciel 7]} ofy] Qo] &3}
gins ’=1%, Non lavender EO: Higgins '=89%) #Hasrgo  ARELS £ AS 210 (SMD=2.10, 95% CI 146 to 2.74) 7]
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E Experimental No treatment
Study or subgroup Mean SD Total Mean SD Total

Std. mean difference
Weight 1V, Random, 95% CI

667

Std. mean difference

1V, Random, 95% CI

5.1.1 Lavender E.O

Karadag 2015 -76 283 30 -938 26 30
Kim 2016 56.13 10.87 30 41.83 10.58 30
Lytle 2014 48.25 32.09 25  40.1 2342 25
Moeini 2010 -13.97 258 32 -1868 352 32
Subtotal (95% Cl), 117 117

Heterogeneity: Tau’=0.24; ChI’=12.19, df=3 (p=0.007); ’=75%
Test for overall effect: Z=3.31 (p=0.0009)

5.1.2 Non lavender E.O

Hajibagheri 2014 -563 5.13 30 -9.26 3 30
Subtotal (95% CI) 30 30
Heterogeneity: Not applicable

Test for overall effect: Z=3.15 (p=0.002)

5.1.3 Blending of lavender and other E.O

Li 2016 (A) -367 214 18 -7.9 208 10
Li 2016 (B) -589 285 18 -7.9 208 10
Qi 2016 -8.85 2.234 34 -991 203 35
Subtotal (95% CI) 70 55

Heterogeneity: Tau’=0.35; Chl® =7.14, df=2 (p=0.03); =72%
Test for overall effect: Z=2.41 (p=0.02)

Total (95% CI) 217 , 202
Heterogeneity: Tau’=0. 16; Chr*=19. 72, df=7 (p=0.006); I'=64%
Test for overall effect: Z=5.14 (p<0 00001)

Test for subgroup differences: ChI’=0.08, df=2 (p=0.96); | ’=0%
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Figure 3E. Forest plot of the effects of aroma essential oil on sleep quality (Aromatherapy vs. no-treatment).
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Study or subgroup Mean SD Total Mean SD Total

Std. mean difference
Weight 1V, Random, 95% ClI

Std. mean difference

1V, Random, 95% ClI

6.1.1 Lavender E.O

Afshar 2015 -6.79 236 79 -7.56 1.4 79
Hirokawa 2012 163 48 7 112 48 8
Subtotal (95% CI), 86 87

Heterogeneity: Tau’=0.00; Chl’=1.01, df=1 (p=0.31); P=1%
Test for overall effect: Z=2.86 (p=0.004)

6.1.2 Non lavender E.O

Mirghafourvand 2016 -4.8 2.6 48 -99 26 48
Taibi 2009 61 19 7 58 14 8
Subtotal (95% CI), 55 ) 56
Heterogeneity: Tau’=1. 41; chl® =9.50, df=1 (p=0.002); 1"'=89%
Test for overall effect: Z=1.26 (p=0.21)

6.1.3 Blending of lavender and other E.O

Bo 2014 -447 211 30 -88 1.96 30
Subtotal (95% CI) 30 30
Heterogeneity: Not applicable

Test for overall effect: Z=6.45 (p<0.00001)

Total (95% Cl) 171 173
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Heterogeneity: Tau’=0.84; Chl’=41.62, df=4 (p<0.00001); ’=90%

Test for overall effect: Z=2.61 (p=0.009)

Test for subgroup differences: ChI2=20.43, df=2 (p<0.0001); ’=90.2%

0.41[0.10, 0.73]
1.00 [-0.10, 2.10]
0.46 [0.15, 0.78]

1.95
017 [-
112[-

1.15[0.29, 2.02]

01[1.46, 2.74]
0 [1.46, 2.74]

[1.46, 2.43]
0.85, 1.19]
0.62, 2.85]

-
L 2

’

—.

>

<@
4 -2 0 2 4
Placebo Experimental

Figure 3F. Forest plot of the effects of aroma essential oil on sleep quality (Aromatherapy vs. placebo).
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Table 2. Meta-ANOVA for Moderators

4012 - 28| - 51

Category k SMD 95%-Cl 2 Tau? Q, df P

Group Aroma vs No treatment 5 0.92 0.57~1.27 64% 0.41 0.30 1 584
Aroma vs Placebo 8 1.15 0.29~2.02 90%

Health status Adult with disease? 8 0.81 0.45~1.17 62% 0.36 2.22 2 334
Postpartum status® 2 1.17 -0.33~2.67 96%
Healthy adult® 3 1.54 0.92~2.17 55%

Intervention Inhalation? 9 0.77 0.47~1.06 59% 0.16 9.39 2 .009
Oral administration® 2 1.12 -0.62~2.85 89%
Massage® 2 2.05 1.52~2.58 0%

Aroma essential oil  Lavender E.O? 6 0.83 0.41~1.25 73% 0.37 0.98 2 613
Non lavender E.O? 3 1.06 0.09~2.03 86%
Blending of lavender and 4 1.29 0.42~2.17 84%

other E.O?

k=Number of studies combined; Cl=Confidence interval; SMD=Standardized mean difference.

*’Mean with the same letter are not significantly different.
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Appendix 1. Search Strategy to Identify Relevant Trials from for Pubmed, EMBASE, CINAHL, CENTRAL, MEDLINE and AMED

1. Aroma

2. Aromatherapy [MeSH]
3. Aroma oil

4. Essential oil

5 lor2or3or4

6. Sleep [MeSH]
7.5and 6
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Appendix 2. Search Strategy to Identify Relevant Trials from for CNKI

1. Aroma (&FS)

2. Aromatic C5%)

3. Fragranc ()

4. Aromatherapy CH&J7:%)

5. Aromatic substances CEZEHIFR)

6. Aromatherapy C5E&RAST)

7. Volatile oil (3£%8)

8. Essential oil (5:8h)

9. Essential oil (F#&H)
10.1or2or3ordor5or6or7or8or9
11. Sleep (BEAR)

12. Insomnia (4~BR)

13. Insomnia (%ARSE)

14. Sleep disorder (RERRFEERS)

15. Sleep disorder (REBRZEEL)

16. Sleep quality (EIRFRE)

17. Comorbid insomnia (F£7F4 &R

18. 11 or 12 or 13 or 14 or 15 or 16 or 17
19. 10 and 18
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