
Complementary Therapies in Medicine 68 (2022) 102832

Available online 13 April 2022
0965-2299/© 2022 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).

The effect of lavender on stress in individuals: A systematic review and 
meta-analysis 

Tina Ghavami a, Mohsen Kazeminia a,1, Fatemeh Rajati b,*,2 

a Student Research Committee, Kermanshah University of Medical Sciences, Kermanshah, Iran 
b Research Center for Environmental Determinants of Health, Health Institute, Kermanshah University of Medical Sciences, Kermanshah, Iran   

A R T I C L E  I N F O   

Keywords: 
Lavandula 
Stress 
Systematic review 
Meta-analysis 

A B S T R A C T   

Background: Lavender is considered as one of the medicinal plants to manage stress. Although many preliminary 
studies evaluated the effect of lavender on individuals’ stress level, to the best of our knowledge, we did not find 
a study that summarizes the results. Therefore, the present study aimed to estimate the Pooled effect of lavender 
on the stress level of individuals using systematic review and meta-analysis. 
Method: A systematic literature review based on PRISMA 2020 was performed on the SID, MagIran, Embase, 
PubMed, Scopus, Web of Science (WoS) databases, and Google Scholar motor engine using related MeSH/Emtree 
and ↱Free Text words,↱ including “Lavender*”, “Lavandula*”, “Stress*”, “Stress Disorders, Traumatic”, and 
“Stress, Psychological” with no time limitation until August 2021: We also searched two Iranain free local 
resourses including MagIran https://www.magiran.com and Scientific Information Database (SID) https://www. 
sid.ir. The quality assessment of studies was performed using JBI checklist. Heterogeneity among studies was 
quantified using I2 index and Random Effects model was used to combine the data and perform the meta- 
analysis. 
Results: In the initial search, 1520 articles were found. After excluding the irrelevant studies, finally, 21 articles 
with a sample size of 791 in the intervention group and 804 in the control group were included in the meta- 
analysis. As a result of combining the studies, stress score after using lavender in the intervention group 
showed a significant decrease of 0.63 ± 0.13 (95% CI) more than that in the control group (P < 0.001). The 
results of subgroup analysis demonstrated that the highest standardized mean difference (SMD) before and after 
the intervention in the intervention group compared to the control group was related to L. angustifolia species 
with 0.73 ± 0.22, student groups with 2.27 ± 1.34, and diagnostic tool of Perceived Stress Scale (PSS) with 0.82 
± 0.42, indicating that the difference between the groups was statistically significant (P < 0.001). 
Conclusion: The pooled estimation of this systematic reiew and meta-analysis revealed that lavender significantly 
reduces individuals’ stress. Therefore, it seems that the use of lavender can be considered as a part of a stress 
management programs, especially in student groups.   

1. Introduction 

Stress is described as the body erosion rate from medical perspective. 
In fact, stress is an integral part of human life and is perhaps the most 
common problem in human life todays.1 Stress is manifested as a result 

of the interaction between internal tendencies and external stimuli 
determined by their environment, and determines the confrontational 
responses of individuals. Humans in stressful situations indicate a vari-
ety of symptoms, including increased physiological symptoms, such as 
headache and fatigue, emotional symptoms, such as anger, sadness, and 
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helplessness, and behavioral symptoms, such as crying and criticism.2 

High levels of stress can disrupt an individual’s function and have a 
negative effect on attitude and behavior.3 There is ample evidence for 
the existence of relationship between stress and chronic illness.4 

The global prevalence of stress after the Covid-19 pandemic was 
reported to be 29.6% in the general population5 and 45% in the treat-
ment staff.6 Stress can cause specific and non-specific reactions and lead 
to chronic arousal.7 The negative effects of stress on health and cogni-
tion can be improved with stress management approaches. Various 
methods have been studied to deal with stress and one of which is the 
use of traditional therapies, especially herbs.8 

Lavender (Lavandula spp.) is recognized as one of the medicinal 
plants for stress management, belonging to the Labiatae (Lamiaceae) 
family.9 The genus Lavandula is native to the lands surrounding the 
Mediterranean Sea and southern Europe through northern and eastern 
Africa and Middle Eastern countries to southwest Asia and southeast 
India. It includes more than 30 species, dozens of subspecies, and hun-
dreds of hybrids.10 Lavender has four main species, including 
L. angustifolia, commonly known as English Lavender, is a frost hardy 
species that has many pretty cultivars, habit, and blossom color 
(formerly known as L. vera or L. officinalis), L. stoechas is a large plant 
with greenish-grey foliage and late blooming with a very strong odor 
(sometimes known as French lavender), L. latifolia, a Mediterranean 
grass-like lavender, and L. intermedia, which is a sterile cross between 
L. latifolia and L. angustifolia.11 

Lavender contains a number of beneficial properties for the human 
body. In addition to the use of lavender in herbal medicine, it is widely 
used in cosmetics, perfume, food, and aromatherapy industries.12 The 
main components of lavender are identified as volatile oils (Linalole), 
Limonene, Perillyl alcohol, Linalile acetate, Cis smine, Terpene, 
coumarin tannin, caffeic acid, and camphor. However, the relative levels 
of each of these compounds vary in different species.13 Linalool acts as a 
sedative by influencing the aminobutyric acid receptors in the central 
nervous system.14 

Some systematic review and meta-analysis studies on the effects of 
lavender indicated that lavender significantly reduces labor pain15–17 

and dysmenorrhea,18 improves healing of episiotomy,19 decreases 
depression,20 improves the quality and treatment of sleep disorders,21–23 

and lower blood sugar.24 Lavender is used in aromatherapy, aroma-
therapy massage, dripping oil, oral administration, and bathing.10 

Aromatherapy or therapeutic use of inhaled essential oils, is a common 
way to reduce stress due to its low side effects.13 Lavender essential oil 
may reduce stress and create relaxation through the limbic system, 
especially the amygdala and hippocampus.25 

In recent years, many preliminary studies have been conducted on 
the effect of lavender on the stress of people. However, these studies 
examined the effect of lavender on individuals’ stress in a small envi-
ronment with small sample sizes. Further, there are discrepancies be-
tween the results of these studies. Therefore, it seems necessary to 
conduct a systematic review and meta-analysis study to provide a clear 
and consistent result. Therefore, the present study aimed to estimate the 
pooled effect of lavender on stress using systematic review and meta- 
analysis. 

2. Methods 

The present study was conducted according to the four-phase pro-
tocol of PRISMA 2020, including ↱identification, screening, eligibility, 
and included.26 All steps of identification, selection, and quality 
assessment of studies as well as data extraction were performed by two 
researchers (M.R. and T.Gh.) independently to reduce publication bias 
and error. Any disagreement between the two researchers was resolved 
by the consensus and consultation with a third researcher (F.R.). 

2.1. Identification of studies 

A systematic literature review was conducted by searching the Per-
sian local resources of SID ↱↱(https://www.sid.ir) and MagIran ↱↱(http 
s://www.magiran.com), and the English databases of ↱ Embase, 
↱PubMed, Scopus, and Web of Science (WoS) databases to find out the 
relevant articles. The searches included the combinations of the 
following MeSH/ Emtree and ↱Free Text words: “Lavender*”, “Lav-
andula*”, “Stress*”, “Stress Disorders, Traumatic”, and “Stress, Psy-
chological”. No time limitation was regarded for the search to retrieve as 
comprehensive as ↱possible related studies by August 2021. The Google 
Scholar motor engine and references of all articles with inclusion criteria 
were manually reviewed to maximize the comprehensiveness of the 
search. For instance, the PubMed search strategy was defined as 
follows:↱ 

(((Lavender * [Title/Abstract]) OR (Lavandula * [Title/Abstract])) 
OR (Lavandula[MeSH Terms])) AND (((Stress * [Title/Abstract]) OR 
(Stress Disorders, Traumatic[MeSH Terms])) OR (Stress, Psychological 
[MeSH Terms])). 

2.2. Inclusion criteria 

The inclusion criteria were original scientific-research articles, 
interventional studies, access to the full text of the article, studies 
examined the effect of lavender on individuals’ stress, and studies with 
sufficient data (reporting Mean ± SD of stress before and after the 
intervention in the case and control groups). 

2.3. Exclusion criteria 

The exclusion criteria included the irrelevant studies, cross-sectional 
studies, case reports, case series, case studies, letter to the editor, papers 
presented at conferences, qualitative studies, systematic review and 
meta-analysis, dissertations, animal studies, duplicates, and lack of ac-
cess to the full text of the articles. 

2.4. Selection process of studies 

All articles derived from each of the databases were imported into 
EndNote X8 software. After removing the duplicates, the title and ab-
stract of the studies were thoroughly screened to eliminate the irrelevant 
studies. The full text of remaining articles was carefully evaluated to 
exclude the studies unmet the ↱inclusion criteria. Researchers extracted 
the articles without knowing the name of authors, ↱institutes, and 
journals. Finally, the quality assessment of all studies included in sys-
tematic ↱review and meta-analysis was done. 

2.5. Quality assessment of the studies 

The quality assessment of the studies was done using the Joanna 
Briggs Institute (JBI) ↱checklist.27 This checklist consists of 13 different 
items, including randomization, allocation, ↱↱similarity of treatment 
groups ↱ in the beginning, blindness of the participants, blindness of 
doers, ↱blindness of the evaluators of the results, similar treatment in 
groups except intervention, ↱follow ↱up, participant analysis, outcomes, 
reliability of the method of measuring results, ↱appropriate ↱statistical 
analysis, and appropriate trial design. The responses of “Yes” for 
pointed, “No” for not pointed, and “Not applicable” for not reported ↱are 
used for scoring. The total score range ↱based on the number of “Yes” is 
between 0 and 13.↱ A score of 1–4 was considered "low quality", a score 
of 5–8 was considered " medium quality" and a score of 9–13 was 
considered "high quality". 

2.6. Data extraction 

The data were manually extracted from all studies included in the 
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systematic review and meta-analysis using a pre-prepared checklist. The 
items of this checklist included first author, year of publication, country, 
age, sample size, Mean ± SD ↱of stress before and after the intervention 
in the case and control groups, P-value, study population, species, type 
of diagnostic tools, type of intervention, study design, and quality of 
study. 

2.7. Statistical analysis 

The present study estimated the effect of lavender on individuals’ 
stress. Mean, standard deviation (SD), SMD were used to combine the 
results of different studies. The heterogeneity among studies was 
assessed using I2 index and random effects model was applied due to the 
high heterogeneity between the results of studies included in the meta- 
analysis (I2 > 75%). The parameter changes between the studies were 
calculated in this model. Therefore, the results of random effects model 
in heterogeneous conditions are more generalizable than those of fixed 
effect model. I2 < 25% was considered for “low heterogeneity”, 25% < I2 

< 75% for “moderate ↱heterogeneity” and I2 > 75% for “high hetero-
geneity”. Funnel plot and Egger’s regression intercept were used to 
assess the publication bias. Further, the meta-regression was used to 
examine the relationship between SMD of stress before and after the 
intervention and the year of publication, sample size, age, and quality 
assessment score. The subgroup analysis was performed based on the 

species of lavender, type of diagnostic tool, study population, and 
method of use. The comprehensive meta-analysis software (version 2) 
was applied for meta-analysis and P-value less than 0.05 was considered 
as statistically significant. 

3. Results 

3.1. The summary of how articles included in the meta-analysis 

The initial systematic literature search retrieved 1520 articles, of 
which 676 duplicates and studies with overlapped data were eliminated. 
After screening the title and abstract of the articles, 708 irrelevant 
studies were removed. Then, full text of the remaining 136 studies were 
inspected carefully and 115 articles were excluded due to not fulfilling 
the eligibility criteria. Eventually, 21 articles met inclusion criteria were 
included in the and meta-analysis. Fig. 1 indicates the PRISMA 2020 
flow diagram. 

3.2. General characteristics of the studies 

The total sample size was 791 subjects in the intervention group and 
245 in the control group. The oldest study was carried out in 1999 and 
the most recent study in 2020. The majority of studies (18 studies) were 
published during 2010–2021. Further, 10 studies (47.61%) were 

Fig. 1. The preferred items for systematic reviews and meta-analyses (PRISMA 2020) flow diagram of study inclusion.  
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Table 1 
The characteristics of studies included in the systematic review and meta-analysis.  

Author, year, 
[Ref.] 

Place of 
study 

Age (year) 
Intervention 
group 

Sample size Mean ± SD of Intervention 
group 

Mean ± SD of Control 
group 

Species Diagnostic tool Method of 
Intervention 

Population Study design Dose of 
lavender 

Quality 

Control 
group 

Intervention 
group 

Before After P-value Before After P- 
value 

Motomura, 
1999,28 

Japan 21.3 ± 1.3 13 14 11.8 
± 4.2 

8.9 
± 4.5 

< 0.01 5.1 
± 2.6 

5.4 
± 0.8 

˃0.01 – J-SACL Aromatherapy Students Clinical trial – 7, 
Medium 

Tayebi, 
2015,29 

Iran 58.2 ± 15.4 28 27 7.0 
± 5.0 

5.4 
± 5.2 

< 0.001 9.6 
± 6.5 

9.6 
± 7.4 

0.83 L. stoechas DASS-21 Aromatherapy Hemodialysis Randomized 
controlled 
clinical trial 

3 drops for one 
hour three 
times a day 
10% essential 
oil 

9, High 

Effati Daryani, 
2017,30 

Iran 28.2 ± 4.99 47 46 6.29 
± 3.5 

6.34 
± 3.93 

< 0.001 7.21 
± 3.63 

8.57 
± 3.74 

0.188 L. angustifolia DASS-21 Cream pregnant 
women 

Randomized 
controlled 
clinical trial 

2 g a day for 6 
weeks 

9, High 

Jazinidorcheh, 
2020,31 

Iran 20 < 25 25 2.09 
± 1.05 

1.98 
± 0.95 

0.196 2.0 
± 1.2 

2.1 
± 0.85 

0.258 L. stoechas Questionnaire 
made by the 
researcher 

Aromatherapy Operating 
room staff 

Semi- 
experimental 

– 7, 
Medium 

Rajai, 2016,32 Iran 65.36 
± 8.05 

30 30 8.84 
± 4.38 

7.04 
± 4.03 

0.046 8.8 
± 3.2 

8.64 
± 4.49 

– L. stoechas DASS-21 Aromatherapy CABG Pilot study Two drops of 
100% essential 
oil for 20 min 
at a distance of 
5 cm from the 
nose 

10, 
High 

Cho, 2017,33 Korea 59.5 ± 9.1 30 30 7.73 
± 1.79 

3.90 
± 2.23 

< 0.001 6.27 
± 1.7 

7.80 
± 1.24 

0.721 L. angustifolia Perceived 
Stress Using a 
Numeric 
Rating Scale 

Aromatherapy ICU Patients nonrandomised 
controlled trial 

Three drops of 
100% essential 
oil once a day 
for 2 nights 

10, 
High 

Kianpour, 
2016,34 

Iran – 70 70 5.31 
± 4.42 

3.81 
± 3.48 

– 7.34 
± 5.16 

7.59 
± 5.14 

– L. angustifolia DASS‑21 Aromatherapy women 
hospitalized 
in the 
midwifery 

clinical trial three drops of 
lavender 
essential oil 
100% every 
8 h with for 4 
weeks 

8, 
Medium 

Teimouri, 
2020,35 

Iran 58 ± 13.38 35 35 14.48 
± 4.3 

9.57 
± 2.62 

< 0.001 12.97 
± 3.96 

12.68 
± 4.26 

0.26 L. stoechas DASS‑21 Aromatherapy Patients 
undergoing 
coronary 
angiography 

Semi- 
experimental 

Two drops of 
100% essential 
oil for 20 min 

11, 
High 

Alavi, 2015,36 Iran 30 ± 4.01 35 35 22.32 
± 4.61 

20.57 
± 4.2 

0.001 22.5 
± 5.18 

22.42 
± 5.24 

0.282 – DASS-42 Aromatherapy Nurses 
working in 
intensive care 
units 

Semi- 
experimental 

Two drops of 
100% essential 
oil for 20 min 
in 4 work shifts 

10, 
High 

Bikmoradi, 
2015,37 

Iran 65.13 
± 9.76 

30 30 15.43 
± 3.7 

7.03 
± 2.1 

0.001 15.27 
± 0.7 

8.10 
± 1.25 

0.001 L. angustifolia DASS-21 Aromatherapy CABG Single-blinded 
randomized 
clinical trial 

Two drops of 
2% essential 
oil for 20 min 
once a day for 
three days 
after surgery 

12, 
High 

Montibeler, 
2018,38 

USA 25–55 19 19 52.15 
± 30.04 

46.31 
± 22.72 

0.9202 45.11 
± 30.62 

44.44 
± 27.45 

0.99 L. angustifolia WSS Aromatherapy surgical 
center 
nursing team 

pilot study The 
intervention 
comprised six 
aromatherapy 
massages with 
essential oils 
diluted in 

9, High 

(continued on next page) 
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Table 1 (continued ) 

Author, year, 
[Ref.] 

Place of 
study 

Age (year) 
Intervention 
group 

Sample size Mean ± SD of Intervention 
group 

Mean ± SD of Control 
group 

Species Diagnostic tool Method of 
Intervention 

Population Study design Dose of 
lavender 

Quality 

Control 
group 

Intervention 
group 

Before After P-value Before After P- 
value 

neutral cream 
at 
concentration 
1% each 

Johnson, 
2017,39 

USA 18–74 34 37 2.97 
± 0.99 

2.70 
± 0.92 

< 0.001 3.20 
± 0.84 

3.23 
± 0.80 

– – – Aromatherapy registered 
nurses, 
charge 
nurses, and 
patient care 
technicians in 
a trauma 
intensive care 
unit 

clinical trial Essential Oil 
Lavender was 
diffused 24 h 
per day over 30 
days in a 
designated 
nursing area 
that all nurses 
were not 
required 
to enter on 
each unit 

7, 
Medium 

Kim, 2011,40 Korea 22.3 ± 2 15 15 3.2 
± 1.2 

2.0 
± 0.8 

< 0.001 3.6 
± 1.3 

3.7 
± 0.9 

˃0.001 L. angustifolia BIS Aromatherapy healthy 
volunteers 

pilot study the 
experimental 
group received 
oxygen with a 
face mask 
coated with 
lavender oil for 
5 min 

9, High 

Effati-Daryani, 
2015,41 

Iran 28.2 ± 4.99 47 47 6.29 
± 3.50 

5.82 
± 3.56 

0.006 7.21 
± 3.63 

8.57 
± 3.84 

0.18 L. angustifolia DASS-42 Cream pregnant 
women 

Randomized 
Placebo- 
Controlled Trial 

Two grams 
every night for 
2 months 

11, 
High 

Chamine-1, 
2016,42 

USA 58.9 ± 6.6 31 31 18.9 
± 17.4 

19.8 
± 16.6 

– 19.2 
± 18.7 

21.5 
± 19.2 

– L. angustifolia PSS Aromatherapy adults Randomized 
clinical trial 

One drop of 
100% lavender 
for 5 min for 4 
days and once 
a day 

10, 
High 

Chamine-2, 
2015,43 

USA 59.1 ± 7.1 27 27 15.7 
± 5.1 

18.2 
± 5.0 

0.28 15.8 
± 4.8 

16.2 
± 6.1 

– L. angustifolia PSS Aromatherapy adults Randomized 
clinical trial 

three drops of 
the aroma 
solution were 
placed on a 
5 × 5 mm 
cotton pad, 
Only once for 
20 min 

11, 
High 

Chen, 2015,44 China 33 ± 6.7 57 53 4.53 
± 5.07 

4.14 
± 3.76 

0.625 8.35 
± 6.4 

7.96 
± 5.9 

0.112 – – Aromatherapy nurses Randomized 
clinical trial 

pinned small 
bottles 
containing 3% 
lavender oil on 
the clothes of 
their right 
chests 

7, 
Medium 

Mirghafourv, 
2014,45 

Iran 27.4 ± 4.8 157 149 25.7 
± 5.5 

23.7 
± 6.4 

0.049 26.2 
± 5.5 

24.9 
± 5.9 

0.426 L. stoechas PSS Aromatherapy pregnant 
women 

Double-blind 
randomized 
randomized 
clinical trial 

Two drops of 
1.5% every 
two hours for 6 
times 

11, 
High 

Cooke, 2007,46 Australia 38.8 44 35 0.72 0.86 – ED stressors Q Aromatherapy nurses Clinical trial 

(continued on next page) 
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conducted in Iran. The study of Mirghafourv et al.45 with 149 subjects in 
the intervention group and 157 in the control group had the highest 
sample size. The stress diagnostic tool was Depression, Anxiety and 
Stress Scale-21 Items (DASS-21) in 6 articles and PSS in 4 articles. More 
than 90% of the studies used aromatherapy. All studies included in the 
meta-analysis based on the CONSORT checklist criteria had medium and 
high methodological quality. Table 1 represents the characteristics of 
studies included in the systematic review and meta-analysis. 

3.3. Meta-analysis of the standardized mean difference and standard 
deviation before and after using lavender in the intervention and control 
groups 

The results of the present meta-analysis demonstrated high hetero-
geneity among ↱the studies (I2 = 82.85). Thus, the random effects model 
was used to combine the effect size of the studies. After combining the 
results of studies, the stress score after using lavender↱ in the interven-
tion group showed a significant decrease of 0.63 ± 0.13 (95% CI) more 
than that in the control group (P < 0.001). The forest plot indicates the 
estimated results from the combination of all studies as well as SMD in 
each study. The 95% CI is indicated by the horizontal line of each square 
(Fig. 2). In the present study, the largest difference between the SMD of 
stress score in the control and intervention groups was 3.63 ± 0.61, 
which was related to the study of Sgoutas-Emch et al.48 According to 
Egger’s regression intercept, there was publication bias in the studies 
(P < 0.05) (Fig. 3). The results of sensitivity analysis illustrated that the 
pooled estimation does not change significantly with the elimination of 
any of the studies (Fig. 4). 

The relationship between the year of publication (Fig. 5), sample size 
(Fig. 6), mean age (Fig. 7), quality assessment score of JBI checklist 
(Fig. 8) and the SMD of ↱stress score before and after the intervention in 
the intervention and control groups was examined using meta- 
regression. The SMD of stress score decreased significantly by 
increasing the sample size (P < 0.05). However, this difference 
enhanced with increasing mean age (P < 0.05). The trend of other po-
tential factors (year and quality assessment score) was not significant 
(P > 0.05). 

3.4. Subgroup analysis 

Due to the high heterogeneity among studies, the subgroup analysis 
was done based on the species of Lavender plant, method of use, stress 
diagnostic tools, study population, Iranian and non-Iranian, and the 
number of uses. The results indicated that the highest SMD before and 
after the intervention in the intervention group compared to the control 
group was related to the species of L. angustifolia with 0.73 ± 0.22, 
students with 2.27 ± 1.34, and PSS diagnostic tool with 0.82 ± 0.42, 
indicating that the differences between groups was statistically signifi-
cant (P < 0.001). However, the difference between groups was not 
statistically significant in terms of the way of using Lavender, frequency 
of uses, ↱and Iranian and non-Iranian species ↱ (P > 0.001). Subgroup 
analysis based on qualitative evaluation of studies showed that there is 
no significant difference between the medium and high quality groups 
(P > 0.001) (Table 2). 

4. Discussion 

The present study aimed to estimate the effect of lavender on the 
individuals’ stress using systematic review and meta-analysis. After 
combining the data obtained from 21 articles, the stress score after using 
lavender in the intervention group showed a decrease of 0.63 ± 0.13 
more than that in the control group. The results revealed that lavender 
significantly reduces individuals’ stress and consequently, the use of 
lavender can be considered as a part of a stress treatment program. 

Research proven the effects of lavender on gamma-aminobutyric 
acid (GABA). On the other hand, this plant contains flavonoid Ta
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compounds, influencing the benzodiazepine receptors.49 Lavender ex-
erts its psychological effects by acting on the limbic system, especially 
the amygdala and hippocampus. This plant has a similar function to 
benzodiazepines and increases GABA in the amygdala.50 

According to the findings of the present study, L. angustifolia species 
reduces stress more than L. stoechas species. These two species are 
different in terms of the proportion of the compounds of α-Pinene, 
Camphene, 1,8-Cineole, Fenchone, Linalool, Camphor Terpinen-4-ol, 
Linalyl acetate, Lavandudyl acetate, Endo-bornyl acetate, Myrtenyl ac-
etate, and Trans-β-caryophyllene.51 N-hexanal, n-heptanal, phenyl-
acetaldehyde, and n-hexanol are found in L. angustifolia in high 
concentrations. Further, L. angustifolia was distinguishable from 
hybrid-derived samples by their lower phenylacetaldehyde and higher 
heptanoic acid.52 Linalile acetate in L. angustifolia species was higher 
than that in L. stoechas,51 which can lead to the greater effect of 
L. angustifolia species on stress. The ratio of lavender compounds can 

vary depending on the variety of soil salts and fertilizers used. Hadipour 
et al. reported that the effect of applying different nitrogen treatments 
was statistically significant on all measured plant characteristics and the 
percentage of plant essential oil and the amount of linalool essential 
oil.53 

Based on the subgroup analysis in terms of the intervention method, 
the largest SMD was related to the aromatherapy method. The mecha-
nisms by which aromatherapy reduces stress may be related to the 
sympathetic and parasympathetic nervous systems. Aromatherapy may 
reduce the activity of the sympathetic nervous system and increase the 
activity of parasympathetic nervous system.54 Lavender essential oil 
stimulates the receptors in the olfactory bulb and transmits the olfactory 
message to the limbic system. The limbic system is the sensory center in 
the brain that can secrete enkephalin, endorphins, and serotonin in 
response to stress and create a sense of relaxation.55 A systematic review 
reported that aromatherapy has fewer possible side effects.56 

The results of subgroup analysis based on the study population 
showed that the greatest effect of lavender is on the students group. Most 
students experience anxiety and stress when confronted with a threat-
ening situation or stress.48 According to a meta-analysis by Wang et al., 
the prevalence of stress in students was 29%.57 Stress is associated with 
abnormal reactions or stress. Stress causes a sense of insecurity and 
helplessness in people and if adolescents and young people suffer from 
this disorder, their initiative and creativity do not develop and they have 
poor performance in terms of academic achievement.48 Given that lav-
ender is cheap, easy to use, and safe with positive effect on stress 
reduction, it is recommended to be used more for students. 

The results of the present study indicated that lavender significantly 
reduces individuals’ stress. Therefore, it seems that the use of lavender 
can be a part of a stress treatment program. Considering that lavender is 
cheap and has low risk and non-invasive nature, which can be easily 
used at any time and place, it is recommended to be considered and used 
more by policymakers. In addition, oral administration of lavender and 

Fig. 2. The forest plot of studies included in the meta-analysis before and after the intervention in the control and intervention groups.  

Fig. 3. The funnel plot of studies included in the meta-analysis before and after 
the intervention in the control and intervention groups. 
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Fig. 4. The sensitivity analysis chart before and after the intervention in the control and intervention groups based on the random effects model.  

Fig. 5. The meta-regression of the relationship between the year of the publi-
cation and the SMD before and after the intervention in the control and inter-
vention groups. 

Fig. 6. The meta-regression of the relationship between the sample size and 
SMD before and after the intervention in the control and intervention groups. 

Fig. 7. The meta-regression of the relationship between mean age and SMD 
before and after the intervention in the control and intervention groups. 

Fig. 8. The meta-regression of the relationship between the quality assessment 
score of JBI checklist and SMD before and after the intervention in the control 
and intervention groups. 
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the effect of other species of lavender on stress can be examined and 
more studies are needed in this area. 

High heterogeneity among studies (more than 90%) led us to 
perform subgroup analysis ↱to compare the effect of aromatherapy and 
cream methods and two species of L. angustifolia and L. stoechas, etc., 
which reduced a small amount of heterogeneity. However, heteroge-
neity was still high in all subgroups, which may be due to sample size 
and method of the study. The present study comes with some limita-
tions, including the different reporting of articles, non-random selection 
of some samples, various study design, and unavailability of the full text 
of articles presented at the conferences. Due to the large heterogeneity in 
the dose-related data used and also the lack of purity report in some 
studies, it was not possible to analyze the subgroup by dose. Another 
limitation of the present study is the lack of registration in PROSPERO. 

5. Conclusion 

The results of this systematic review and meta-analysis estimated 
that lavender significantly decreases individuals’ stress. Thus, it seems 
that the use of lavender can be considered as a part of a stress man-
agemet program, especially in student groups using L. angustifolia 
species. 
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