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Abstract

Introduction: Reporting of aromatherapy-focused research often lacks sufficient quality and detail for rep-
lication and subsequent application of results. To our knowledge currently, no quality appraisal tool exists for
aromatherapy research reporting. To address this gap, the Aromatic Research Quality Appraisal Taskforce
(ARQAT) composed of aromatherapy professionals with varied expert backgrounds came together. Presented
here is the Transparent Reporting for Essential oil and Aroma Therapeutic Studies (TREATS) checklist, which
is a result of this collaborative effort.

Methods: Creation of TREATS followed a three-stage process, including determination of interest/need,
development, and dissemination. The shortcomings of existing aromatherapy research reporting quality were
evaluated and responses to address these shortcomings were used to create checklist items that were then
grouped into sections. Items for each section were brain-stormed with reference to the aromatherapy literature
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and ARQAT’s expert knowledge, and the development of each section followed an iterative process until
agreement was reached. An explanatory document was also created to assist more accurate use of the tool; it
and the checklist were reviewed by a group of aromatherapy experts.

Results: The TREATS checklist with 38 items in four sections was developed along with the explanatory
document. The ARQAT and a global group of aromatherapy experts reviewed the TREATS. Their results and
comments assisted development of the current version. The TREATS identifies key components of research
involving essential oils, their application, and olfactory considerations that ARQAT considers the minimum
necessary for high-quality aromatherapy research.

Conclusion: The TREATS, explanatory document, and associated website (www.arqat.org) contribute to
thorough aromatherapy research critique. The TREATS checklist aids appraisal of quality and can be used with
any study design. It lays the foundation for the future development of aromatic research reporting guidelines.
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Introduction

The term ‘‘aromatherapy’’ is used to describe many
different application methods and practices involving the

use of concentrated fragrant volatile compounds, often re-
ferred to as essential oils, for therapeutic purposes. Ar-
omatherapy is currently used for mood management,
perioperative nausea, pain relief, coping in childbirth, topical
inflammation, and emotional support during palliation.1,2

In recent years, use of essential oils and aromatherapy has
grown in popularity.3–5 Likewise, the amount of research and
subsequent publication of aromatherapy studies has increased6

with promising evidence for the benefits for psychological and
physiological health and well-being. However, many pub-
lished studies lack appropriate methodological details related
to the aromatherapy and essential oil elements of the studies.
This lack of detail inhibits replication and limits incorporation
of the study results into evidence-based practice.7

Much health care research is conducted by individuals for
whom research is not their first occupation and this often
affects the quality of their research.7 The need for a
checklist specific to aromatherapy research emerged from
observing that most aromatherapy research is conducted
either by aromatherapy practitioners with little research
training, or by clinical researchers with little aromatherapy
understanding or training. Many peer-reviewers and editors
of journals publishing aromatherapy research may also need
support of an aromatherapy-specific checklist as they ap-
praise the quality of reports before publication.

During review of the literature, it was discovered that the
essential oil and aromatherapy-focused aspects of many of
the studies were sub-optimally reported. Reviewed articles
lacked adequate descriptive elements such that the results

from the studies could not be used to generalize or replicate
the findings8 (Supplementary Material S1).

Similar concerns over poor reporting quality in published
research in other therapeutic modalities have prompted the
creation of multiple quality appraisal and reporting guide-
lines.7 The purpose of this article is to report the development
of the Transparent Reporting for Essential oil and Aroma
Therapeutic Studies (TREATS) checklist containing elements
considered vital to the complete and consistent critique of
aromatherapy research studies that are conducted in humans.

Methods

Creation of the TREATS followed a similar three-stage
process of a peer-reviewed framework for creation of
quality assessment checklists as outlined by Whiting et al.
The three stages are (1) assessment of need/interest, (2)
development, and (3) dissemination9 (Fig. 1).

Ethics approval

Exempt status was granted by West Virginia University
Institutional Review Board (IRB) for this study (Protocol
2205571104). Design and analysis involved members of the
task force and others within the aromatic community who
voluntarily agreed to provide input.

Assessment of need and interest in aromatherapy
quality appraisal

Development started with assessment of need and deter-
mination of interest. Author M.E.R. invited a diverse cross-
section of colleagues to meet. Inclusion criteria were
knowledge of aromatherapy and the research supporting it.

FIG. 1. TREATS creation using frame-
work.14 TREATS, Transparent Reporting for
Essential oil and Aroma Therapeutic Stu-
dies.
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A broad spectrum of experience was found in members of
leading aromatherapy organizations such as the Alliance of
International Aromatherapists (AIA) https://www.alliance-
aromatherapists.org/, the National Association for Holistic
Aromatherapy (NAHA) https://naha.org/, and the Interna-
tional Clinical Aromatherapy Network (ICAN) https://
clinicalaromatherapynetwork.com/. Participants included
medical and integrative practitioners, nurses of undergrad-
uate and advanced practice, chemists and scientists, and
educators of both conventional topics and aromatic practice.

The first meeting was held in January 2021, and 20 at-
tended. From those 20, a core group of 11, who are the authors
on this article, agreed to work on an aromatherapy research
white paper8 to address common concerns, and subsequently
formed the Aromatic Research Quality Appraisal Taskforce
(ARQAT). As research for the white paper continued in
monthly meetings, it became apparent that a checklist of
critique items would be beneficial to clarify what was needed
in quality appraisal of aromatherapy research in humans.

To determine whether a new checklist was needed, the
Enhancing the QUAlity and Transparency Of Health Re-
search (EQUATOR) website (www.equator-network.org)
and aromatherapy-focused publications, books, and websites
were searched. No checklists or guidelines specific to cri-
tiquing aromatherapy research were found. Consequently,
ARQAT proceeded to create a novel checklist.

While searching for aromatherapy research support mate-
rials, several well-known quality appraisal tools and reporting
guidelines were reviewed, such as the Consolidated Standards
of Reporting Trials (CONSORT)10 and the Consolidated
Standards of Reporting Trials for Nonpharmacologic Treat-
ments.11 In addition, the Template for Intervention Descrip-
tion and Replication checklist providing guidance specific for
intervention descriptions was reviewed.12 Guidelines for
other integrative health modalities were also found, such as:
The CheckList stAndardizing the Reporting of Interventions
For Yoga13,14 and extensions for acupuncture,15 nutrition,16

and herbal medicine.17 The TREATS checklist incorporates
ideas and insights from all of these (Appendix A1).

Items for each section were brain-stormed with reference to
contemporary and extant aromatherapy literature, including but
not limited to foundational works from Gattefossé and Valnet
that have been translated into English and others.8,18,19 The
taskforce found that most aromatherapy-focused texts included
at least some reference to what to include in the critique of
aromatherapy-focused research; however, no one resource had
compiled a checklist. Over 9 months, the checklist evolved into
its current form, with 38 items in four sections. To improve
clarity and promote understanding of each item, an explanatory
document was also created (Supplementary Material S2).

Defining the scope

In addition to determining interest and need, Whiting et al.
recommend that authors of quality assessment tools define
the tool’s scope and type of assessment the tool is intended
for, such as risk of bias (internal validity); applicability
(external validity); and reporting quality.9 ARQAT deter-
mined the scope of TREATS to encompass research in-
volving essential oils and aromatic interventions using
topical and inhalation application methods in human sub-
jects, and that TREATS should be used to critique quality, but
not risk of bias or applicability.

ARQAT also determined that the TREATS should be
applicable to all types of study designs such as randomized
controlled trials, observational studies, and case reports,
evaluating the quality relating to the aromatic components
of these studies.

Refinement of TREATS

Taskforce members used the resultant TREATS checklist
to review several studies, evaluating responses for consis-
tency in the way the checklist was used. Reflection on the
results allowed ARQAT to make changes to the checklist to
improve consistency of results, and this was repeated several
times. Global experts in aromatics, research, education, and
publication known to members of the ARQAT were con-
sulted to help further refine and improve the TREATS
(Supplementary Material S2).

As the checklist evolved, a scoring system was adopted to
provide more objective feedback. Each item is evaluated as
‘‘met,’’ ‘‘partially met,’’ or ‘‘not met,’’ receiving numerical
scores of 1, 0.5, and 0 respectively. Points are tallied within
each section to determine a sub-score and then sections are
totaled to give the study an overall score.

Some sections may receive high scores whereas others
may not. The overall score provides objective feedback and
helps the reader determine how well the aromatic and es-
sential oil aspects of the study were reported. The explanatory
document helped strengthen the consistency of interpretation
of checklist items by people using the TREATS.

Interrater reliability testing

Once the taskforce agreed that to the best of their knowledge
all necessary items found in the literature were included in the
checklist, the critique using TREATS was completed by
taskforce members for four articles examining aromatherapy
interventions in humans for stress, premenstrual syndrome,
anxiety, and mood states20–23 (Table 1). In addition, a wider
audience was recruited to critique two of the four articles.

Table 1. Interrater Reliability

Study
A B A–B

Group 1 ICC, k = 12 Group 1 95% CI Group 2 ICC, k = 17 Group 2 95% CI Difference

Liu et al.20 0.968 0.946–0.984
Matsumoto et al.21 0.977 0.960–0.988 0.979 0.963–0.989 0.002
Paula et al.22 0.965 0.939–0.983 0.970 0.951–0.985 0.005
Watanabe et al.23 0.965 0.939–0.983

Interrater reliability as the ICC and CI 95% based on a mean-rating (Group 1, k = 12; Group 2, k = 17), absolute-agreement, two-way
mixed-effects model, using item analyses.

CI, confidence interval; ICC, intraclass correlation coefficient.
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This group of 17 represented a convenience sample from
various backgrounds and countries, providing diversity, in-
cluding aromatic researchers (7), educators (3), and a
pharmacist (1), and were located in the United States, Ca-
nada, Cook Islands, Ireland, Madrid, Poland, Singapore, and
the United Kingdom. Data from both groups were manually
entered into an Excel (Microsoft 365) spreadsheet by two
task force members (M.E.R. and B.K.L.).

Interrater reliability estimates and their 95% confidence
intervals (CIs) were calculated using IBM SPSS Statistics
(Version 28) predictive analytic software. The IRR estima-
tes were based on a mean-rating (Group 1, k = 12; Group 2,
k = 17), absolute-agreement, and 2-way mixed-effects mod-
el, using item analyses. The intraclass correlation coefficient
& CI 95% were calculated. This model was used because it
is designed to examine a specific set of raters and is con-
cerned with consistency24,25 (Table 1).

Dissemination of the TREATS

Dissemination of this work has taken place through pre-
sentations at scholarly conferences, seminars, and symposia.
A website has been created to house information about
ARQAT, the TREATS, and efforts to support high-quality
aromatherapy research critique using essential oils in human
health-focused studies.

Results

The TREATS checklist Explanatory and Example docu-
ment is found in the Supplementary Materials S2. The four
sections pertain to essential oil identification; application
methods; aromatherapy intervention; and olfactory function
considerations, and there are a total of 38 items. Each item
receives a score of 1 for fully met; 0.5 for partially met; and 0
for not met. The overall score summed from the totals of each
section is then ranked poor, 0–10; fair, 11–20; or good, 21–38,
with space to allow for comments that can further qualify what
the score indicates and where improvements may be made.

Section one aims at addressing clear identification of
which essential oil(s)* were used with eight items that
prompt complete identification. This section was considered
of greatest importance in this work. Without complete and
clear identification of the essential oil, the study is incom-
plete and replication made difficult if not impossible.26–30

*NOTE: The scope of the TREATS project is to address
clear identification of which essential oil(s) were used and is
not intended to redefine or replace formally recognized in-
dustry standards and Pharmacopoeias that offer clarity and
historical grounding regarding essential oils. Please refer to
the ISO (International Organization for Standardization)
https://www.iso.org/about-us.html and AFNOR (Associa-
tion Française de Normalisation [AFNOR, English: French
Standardization Association]) https://www.afnor.org/en/and
the European Pharmacopoeia regarding essential oil https://
pheur.edqm.eu/home definitions and to Heinrich et al., for
more about herbal extractions and methods.

An example of the importance of knowing as much as
possible about the essential oils used relates to variations in
constituents and chemotypes. ‘‘Chemotype indicates visu-
ally identical plants but having different chemical compo-
nents, sometimes significantly so, resulting in different
therapeutic properties.’’31 Geographic location, time of

harvest, rainfall, and a myriad of other environmental con-
ditions impact the chemical variations in plants, thus the
distilled or mechanically expressed essential oils.32 Ac-
cording to Benomari et al., chemical variability in essential
oils impacts their therapeutic properties and thus their use. It
is imperative to have an analysis of the chemical composi-
tion of all essential oils used in studies.33

Variations of constituents lead to differences in thera-
peutic properties illustrated by the calming effect of linalyl
acetate and linalool commonly found in Lavandula angu-
stifolia (Lavender) though not present in Lavandula stoe-
chas (Spanish Lavender, also called French Lavender) with
a main chemical constituent of camphor that is not known
for calming but instead for clearing sinuses and conges-
tion.34 Researchers performing their own analysis on ma-
terials used in their study should be aware that if at all
possible obtaining a third-party analysis could decrease the
appearance and risk of bias.

Sections 2A and 2B of TREATS cover description of
application methods. The focus of this work is on topical
and inhalant methods though TREATS is flexible enough,
with room for comments, to lend itself to essential oil
studies in humans where ingestion is the delivery method.
All methods of application require varying levels of training
and those completing research using any delivery method
should identify their credentials and qualifications to prac-
tice at that level. Qualifications vary throughout the world.
More is discussed in section three related to ‘‘Qualified
Aromatherapist.’’

If application methods are not adequately described, rep-
lication of the study and inclusion of it in meta-analyses is
not possible. Items included are the dose of aromatic deliv-
ered (including details of any dilution in excipient or carri-
ers), frequency of treatment, duration of exposure to the
essential oil, and delivery systems such as a diffuser or va-
porizer. If diluents or carriers are used, full characterization
of them is expected as is for the essential oils.26,28–31,34–38

Section three concerns the description of the aromatherapy
intervention, which must be clear and detailed enough to
allow for replication by other researchers. Section three of
TREATS includes the rationale for use of the chosen essential
oils and application methods, the choice of a theoretical and
conceptual framework, consultation with or qualifications of
one who has training and expertise to work with essential oils
in aromatherapy-type applications, reports of any allergic or
adverse reactions, and consideration of safe storage and use
of essential oils during the study.11,12,26,28,34,39,40

The past two decades have seen an increase in under-
standing and appreciation for olfaction and the sense of
smell.41 Section four of TREATS includes olfactory consid-
erations such as pre-trial evaluation of olfactory ability and
identification of anosmia, previous exposure to essential oils,
evaluation of odor recognition, expectancies about the odor’s
therapeutic qualities, the perceived intensity of the odor, and
any adverse effects from olfactory testing. These aspects of
aromatic research are potential sources of bias and information
related to causality is enhanced by inclusion of olfaction.42–44

Discussion

Methodology varies widely for creation of quality ap-
praisal tools.45 The purpose of this project was to determine
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items considered vital to the consistent and complete cri-
tique of the essential oil, treatment methods, and olfactory
aspects of aromatherapy research in humans. For the
TREATS checklist, the course followed a similar one as
outlined by Whiting et al. with identification of need and
interest, development of a list of items, and dissemination
continuing in an iterative fashion throughout the project9

(Fig. 1). As in other quality appraisal tool development
studies, an explanatory document was created to help users
better understand the items and reduce variability in
scoring.45

Working to achieve consensus is a crucial characteristic
of quality appraisal checklist creation. For the TREATS,
similar methods as those used by Lucas et al., including
examination of principles, existing contemporary and ex-
tant literature, expert collaboration, and brainstorming,
were chosen.46 One limitation was that the taskforce was
only able to examine and critique literature in the English
language.

Recommendations for tool development often include at
least one face-to-face meeting and the need for fund-
ing.9,45,46 Although ARQAT members were unable to meet
in person due to time, distance, and schedules, online
meetings made it possible to move this work forward. On-
line meetings also reduced our need for funding to achieve
the goal of creating the TREATS.

The TREATS was created over a 9 month period (Sup-
plementary Material S1). This rapid creation was largely
due to the use of input from a convenient though diverse
group of colleagues and those known to core members of
ARQAT. This fills a gap at this time when no critique
checklist exists to support the critique of aromatherapy
studies using essential oils in humans. Recent aromatherapy-
focused studies using essential oils have cited use of the
herbal extension for the CONSORT.47,48 Until a reporting
guideline is completed, the TREATS helps to fill this gap.

The TREATS is intended as a quality appraisal checklist
of the essential oil and aroma therapeutic aspects of research
and is meant to be used in conjunction with other tools that
fit study methodology including other quality appraisal
checklists such as the Grading of Recommendations, As-
sessment, Development, and Evaluations49 framework and
the Critical Appraisal Skills Programme50 tool. Those cre-
ating and reporting all types of research involving essential
oils and aromatherapy in humans are strongly encouraged to
use the most appropriate quality appraisal tools and re-
porting guidelines at their disposal.51

In common with a reported 49% of critical appraisal tools
incorporating scoring systems,45 the TREATS employs
scoring. Whiting et al. discourage use of a scoring system
due to concerns that users will simply calculate quality
scores from an overall total.9 They recommend the use of a
domain-level structure that ARQAT has used to create a
more nuanced scoring system. The TREATS has four
domain-like structures, titled sections, each of which re-
ceives a sub-total. Like other checklists, the TREATS uses
met, partially met, and did not meet.52

The overall score summed from the totals of each section
is then ranked poor, fair, or good with space to allow for
comments that can further qualify what the score indicates
and where improvements may be made. It is acknowledged
that a higher score may not necessarily indicate a superior

study when risk of bias and applicability are also evaluated
using other quality appraisal tools.53

The TREATS is slightly longer than some other quality
appraisal checklists.52,54,55 While 38 items may seem ex-
cessive, studies meeting all or most of these items are more
likely to have meaningful, accessible, and replicable results
in relation to the aroma and essential oil aspects of these
studies. To address researchers’ concerns about journal
word count limits, items could be reported in the form of
tables or online Supplementary Materials S1 and S2.

Conclusion

Until a reporting guideline is created, the TREATS helps
to fill a gap for researchers wishing to create and critique
aromatherapy-focused studies using essential oils in hu-
mans. Increased reporting quality in aromatherapy research
will ultimately benefit future research, clinical recommen-
dations, and health policy decisions. Use of the TREATS as
a quality appraisal checklist by peer reviewers and journal
editors may lead to improved research reporting and confi-
dence in the findings of aromatherapy research studies.
Looking to the future, the insights and knowledge gained
through creation of the TREATS serve as the foundation for
a broader consensus-based study to create an aromatherapy-
specific extension to be used with other reporting guidelines.
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Appendix A1. Transparent Reporting for Essential Oil & Aroma
Therapeutic Studies (TREATS) Checklist

Transparent Reporting for Essential Oil & Aroma Therapeutic Studies (TREATS) Checklist

In addition to conventional research quality appraisal tools, research involving essential oils
and aromatherapy should meet requirements for validity and reliability. Complete reporting
facilitates study replication and progression for programs of research. For clarity, use the
companion TREATS explanatory document during this critique process.

As you fill in the tool, we suggest you use X’s. The columns are designed to show the value
of the X. So, in the first column, an X = 1, fully met. And in the middle column, X = 0.5 or ½ a
point. And, finally, in that last column, the X = 0 points. The explanation and comment section is
there for you to write those things that might help you remember ‘why’ you thought that X went
in that column. When used as a critique tool, these comments serve as feedback to the researcher.

Reviewer:

Article reviewed:

Delivery method: Topical ____ Inhalation ____ Both ____

Category (see Explanatory document for more details of each item)
Met = 1
or *N/A

Partially
met = 0.5
(Explain)

Not
Met = 0

Explanations/
Comments/
Questions

Section 1: Essential oils (EO)
1 Essential oil (EO) binomial (botanical) name

(Genus species)
2 Production method
3 Plant part
4 Cultivation Method
5 Country of Origin
6 Source
7 Batch number of the EO
8 Identification of plant constituents

Total Section 1 (possible points 5 8)

Section 2A: Topical Application- Complete ONLY if topical delivery method used
1 Dilution of EO (if applicable)
2 Dose of EO
3 Body surface area EO contacts
4 Frequency of EO
5 Duration of EO
6 Description of control or placebo
7 Carrier(s) name, including full binomial
8 Source of carrier or delivery system

Total Section 2A (possible points 5 8)

Section 2B: Inhalation- Complete ONLY if inhalation delivery method used
1 Mode of inhalation
2 Dose of EO
3 Frequency of EO
4 Duration of EO
5 Description of control or placebo
6 Carrier(s) name, including full binomial *Mark N/A if no

carrier used
7 Source of carrier or delivery system

Total Section 2B (possible points 5 7)

Section 3: Aromatic Intervention
1 A clear description of aromatherapy interventions, outcome

measures, and adherence to the researcher’s protocol
Give partial credit if the description of intervention
& outcome measures is cited but not clear enough to
replicate, or the research protocols were not followed

(Appendix continues /)
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Category (see Explanatory document for more details of each item)
Met = 1
or *N/A

Partially
met = 0.5
(Explain)

Not
Met = 0

Explanations/
Comments/
Questions

2 The rationale for EO(s)
3 Theoretical or conceptual framework
4 Professional aromatherapist consulted
5 Safety considerations
6 Report of allergic and adverse reactions
7 Safety consideration of EO storage during trial

Total Section 3 (possible points 5 7)

Section 4a: Olfactory function questions (Asked prior to trial)
1 Anosmia
2 Previous use of EOs

Total Section 4a (possible points 5 2)

Section 4b: Olfactory bias questions if practical in an experimental setting (Asked as part of the trial.
If not asked, the researcher may give an explanation for excluding these steps. Give partial credit if
mentioned in the limitations section).

1 Olfactory testing
2 Odor recognition testing
3 Participants’ expectations stated
4 Odor preference bias
5 Perceived aroma intensity
6 Any adverse effect from olfaction testing

Total Section 4b (possible points 5 6)

**Please transfer points from each section in the table below. Add points to obtain total.
*FOR N/A—when NA is used to describe the non-applicability of something within this tool, that should be taken out of the calculation

and the total number changed (e.g., 16/29 if NA used for 2B: 6 Carrier(s) name and using the INHALATION only pathway).

Section (Points)
Total section points

INHALATION
Total section points

TOPICAL
Total section points

Topical AND Inhalation

Section 1 (8) /8 /8 /8
Section 2 (7–15) /7 /8 /15
Section 3 (7) /7 /7 /7
Section 4a (2) /2 /2 /2
Section 4b (6) /6 /6 /6
Total (30–38)

Poor, Fair, Good
/30 /31 /38

0–10 = Poor; 11–20 = Fair; 21–38 = Good.

These ratings serve as guidance. Additional comments & conclusions are necessary to qualify these ratings. For example:
‘‘16/30—Fair quality for aromatherapy practice in this study with acknowledgment of best practice observed for essential
oil reporting and safety. No mention of how olfactory bias or function was accounted for.’’

ADDITIONAL REVIEWER COMMENTS:
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