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Abstract
There is a growing interest in using olfactory (smell) stimulation in dementia care. This study aims to
extend current knowledge by synthesising the evidence on the efficacy of interventions using
olfactory stimulation for people with dementia and to assess the effects of different types of odours
and administration methods using a mixed methods approach. The rapid review was conducted
based on searches in six electronic databases. A narrative approach was applied to assess 20 studies
included in the review. Fourteen studies used a quasi-experimental design, five studies used an
experimental design and one was a case study. High heterogeneity was found on odours and
methods of application used, with the majority of studies administering lavender oil using a diffuser.
Mixed results were reported on the benefits of olfactory stimulation on responsive behaviours and
cognitive function. Although the evidence available is limited, encouraging results were found
regarding olfactory stimulation and increased sleep duration, food intake and improved balance. It
was not possible to draw any overall conclusion in relation to the effect of olfactory stimulation.
However, this review shows promising results that support further investigation of olfactory
stimulation as a nonpharmacological intervention for people with dementia. The review is limited
due to the low to moderate quality of studies included. Furthermore, the broad range of approaches
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was employed, and comparison between the studies was difficult. Further high-quality mixed
method studies using robust and detailed protocols are needed to clarify the effects of olfactory
stimuli and any other factors that may influence the responses of people with dementia.
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Alzheimer’s disease, aromatherapy, olfactory stimuli, olfaction, psychosocial intervention

Introduction

Dementia is increasingly recognised as a global healthcare challenge (World Health Organization,
2020). Reduced sense of smell has been reported in individuals with dementia (Murphy, 2019).
Studies have found that changes in olfaction occur in the early stage of the disease and sometimes
even before the person manifests the onset of clinical symptomatology (e.g. Attems et al., 2014;
Murphy, 2019). The sense of smell plays an important role in everyday life. It enables humans to
perceive odours in our surroundings such as flowers, clean laundry and personal care products and
serves as a first warning signal, detecting smoke from a fire, leaking natural gas or spoiled food. This
powerful sense also mediates flavours of foods and drinks (Doty & Kamath, 2014). Therefore,
olfactory impairment or disorders can have a significant negative impact on individual nutrition,
appetite, safety and overall quality of life and well-being.

In the absence of a cure, olfactory stimulation has received increasing interest in dementia care.
Various interventions have been used to stimulate the olfactory sense of people living with dementia
using a variety of smell-based stimuli. These may include household items such as soap, as well as
essential (or natural) oils and fragrance (or synthetic) oils. The most popular olfactory intervention is
aromatherapy, using a range of essential oils directly applied to the skin surface or inhaled using, for
example, a diffuser or vaporiser (Sowndhararajan & Kim, 2016).

There is evidence that exposure to odours can trigger memories of personal past experiences (or
autobiographic memory) and positive emotions (Herz, 1998; Willander & Larsson, 2007). These
findings are supported by neurological evidence reporting an activation of areas associated with
memories and emotional processes including the amygdala, hippocampus, temporal gyrus and
temporal pole during odour exposure (Arshamian et al., 2013; Chu & Downes, 2000; Herz et al.,
2004).

Other studies suggest that the olfactory sense may link to implicit memory, which can remain
intact in people with dementia (Degel et al., 2001; Degel & Köster, 1999; Fleischman et al., 2005).
Implicit memory refers to previous experiences unconsciously influencing later behaviour without
conscious awareness (White et al., 2015). This means that implicit odour memory may influence
behaviours (e.g. food intake or craving for cigarettes) or mood (e.g. reduction in anxiety or de-
pression) (Herz, 2016). Other evidence suggests that the constituents of essential oils may influence
behaviour and alter mood states through the central nervous or endocrine systems (Arruda et al.,
2012). For instance, the key constituents of lavender oil, for example, linalyl acetate and linalool are
associated with sedative and calming effects (Lis-Balchin & Hart, 1999).

Several studies have reviewed the effects of aromatherapy on a variety of outcomes concerning
people with dementia over the last decade (e.g. Hui et al., 2021). A Cochrane systematic review (Ball
et al., 2020) evaluated the efficacy and safety of aromatherapy for people with dementia. Two other
previous systematic reviews assessed the impact of aromatherapy on managing agitation (Kim et al.,
2019) and responsive behaviours and cognitive function (Fung et al., 2012) in individuals with
dementia.
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In the context of the present review, it is pertinent to note that all reviews included only studies
with randomised controlled trial (RCT) design. Although quantitative evidence is informative
regarding efficacy in relation to defined outcomes, the findings from qualitative or mixed methods
studies provide in-depth understanding of the study’s conclusions by incorporating individuals’
experiences.

Furthermore, three reviews included aromatherapy administered by massage or touch. Although
there is limited evidence, studies on touch have reported benefits of massage practice by itself, that
is, without olfactory stimuli (Hansen et al., 2006). This suggests that any positive findings from
studies applying olfactory stimuli by massage or touch might not be the result of the scent, but the
effect of a tactile stimulation or of their interaction.

Building on the reviews of aromatherapy, this study used a mixed methods approach to synthesise
the evidence on olfactory stimulation in dementia care by excluding those interventions combining
olfactory elements with other activities such as massage. In particular, this review seeks to (1)
synthesise the qualitative and quantitative evidence on the impact of olfactory stimulation on
responsive behaviours, cognitive function, communication, quality of life, pain and physical
functioning; (2) assess the effects of different types of scents used and identify, if any, patterns in
their effects and (3) review the different ways in which olfactory stimuli are administered and
identify, if any, patterns in their effects.

Methods

A rapid review approach was used, also known as a rapid synthesis review (Hamel et al., 2021). This
aimed to uncover the outcomes associated with olfactory stimulation in dementia care within a fixed
timeframe and to systematically and transparently assess the effectiveness of olfactory interventions.

The protocol has been registered in the International Prospective Register of Systematic Reviews
(PROSPERO) database (D’Andrea et al., 2020).

Eligibility criteria

This review aimed to evaluate the use of olfactory stimuli in dementia care.
No geographical or time limits on the publication were imposed on the search. Studies were

included based on the inclusion and exclusion criteria (for details, see Supplementary Material,
Table S1).

Search strategy

Guided by a specialist health librarian, the interdisciplinary review searched and identified all
relevant published studies using the following databases: CINAHL, PsycINFO, Medline, Psy-
cARTICLES, Academic Search Elite and Chemical Senses.

A combination of Boolean operators and truncations were used (see Supplementary Material,
Table S2). Hand searching for references in included papers was conducted.

Screening and selection

Electronic search results were downloaded into Rayyan software for semi-automated screening
(Ouzzani et al., 2016). Two independent reviewers were involved in the screening and study se-
lection (Tricco et al., 2017). A lead reviewer independently screened all articles by reading titles and
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abstracts against the inclusion and exclusion criteria. A random subset (20%) of electronic search
results was independently screened by a second reviewer to minimise the risk of selection bias
through inappropriate exclusion of relevant studies. Any discrepancies between the reviewers were
resolved through discussion. Titles for which an abstract was not available or unclear were included
for subsequent review of the full article. Where articles were not obtained through institutional
holdings available to the reviewers, attempts were made to contact the author to procure the article.
The lead reviewer assessed the study eligibility by reading their full text. In addition, backward
citation searching and forward citation tracking were conducted on included articles to identify any
missing studies. Any articles from the hand search that met the inclusion criteria were included for
review.

Quality assessment of studies

The Mixed Methods Appraisal Tool (MMAT) (Hong et al., 2018) was used by the lead reviewer to
assess the methodological quality of the included studies. The second reviewer independently
assessed a subset (20%) of articles. For each study, it has been provided a description of MMAT
domains that were not addressed and how confident the authors were regarding the study findings
based on the risk of bias assessed.

An overall quality score for each paper was presented using stars (�) that provide information on
the risk of bias where 5-star indicates low risk, 4-star or 3-star moderate risk and 2-star or 1-star high
risk. It is important to note that overall scores are arbitrary but useful for reporting the quality of
included studies.

All eligible studies were included, and none was excluded based on quality assessment.

Data extraction

This study used a single-reviewer extraction approach with a second reviewer checking the accuracy
of extractions. For each included article, the lead reviewer extracted data using an Excel spreadsheet.
The piloted extraction table included for each study: author/s, year of publication, country, design,
participant information (i.e. sample size; age; subtype and stage of dementia), setting, aim, de-
scription of the intervention and stimuli, outcome measures and a summary of findings. The second
reviewer checked for accuracy and completeness of the extracted data.

Study authors were not contacted for clarification or obtaining information in case of missing
data.

Data synthesis

A narrative synthesis was used. Included studies were grouped in relation to the domains in-
vestigated (e.g. responsive behaviour), scent type and olfactory delivery methods. A meta-analysis
was not conducted due to the heterogeneity in the designs, interventions, outcomes and mea-
surement tools used, as well as intervention effects.

To enhance transparency and replicability of the review, a Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) statement (Moher et al., 2009) was integrated with
a list of key reporting items for rapid review (Tricco et al., 2017). This served as a guide to strengthen
methodology and knowledge synthesis tailored to the objectives of the rapid review (for details see
Supplementary Material, Table S3).
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Results

Database searches up to and including 07 April 2021 returned 1307 articles after removing du-
plicates. A total of 55 articles were selected for full-text assessment and 20 (including two additions
following reference check and forward citation tracking) were included in the review. An overview
of the study selection process is shown in Figure 1.

Study characteristics

Fourteen studies used a quasi-experimental design (El Haj et al., 2018; Glachet et al., 2019; Glachet
& El Haj, 2019, 2020a , 2020b; Gray & Clair, 2002; Henry et al., 1994; Holmes et al., 2002; Jimbo
et al., 2009; Lopis et al., 2021; Moorman Li et al., 2017; Snow et al., 2004; Sulmont-Rossé et al.,
2018; Takeda et al., 2017), five studies used an experimental design (Fu et al., 2013; Lin et al., 2007;
Sakamoto et al., 2012; Smallwood et al. 2001; Takahashi et al., 2020) and one was a case study
(Brooker et al., 1997). No qualitative or mixed methods studies were identified from the search
strategy used. An overview of the studies is given in Table 1.

The included studies varied greatly in terms of stages and subtypes of dementia. Six studies
included people with mild dementia (El Haj et al., 2018; Glachet et al., 2019; Glachet & El Haj,
2019, 2020a, 2020b; Lopis et al., 2021), one with moderate dementia (Sakamoto et al., 2012) and six

Figure 1. PRISMA flow diagram of study selection process.
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with severe symptoms (Brooker et al., 1997; Henry et al., 1994; Holmes et al., 2002; Snow et al.,
2004; Smallwood et al., 2001; Takeda et al., 2017). Five other studies included those with different
stages of dementia, including mild to moderate and moderate to severe (Fu et al., 2013; Jimbo et al.,
2009; Lin et al., 2007; Sulmont-Rossé et al., 2018; Takahashi et al., 2020). Two studies did not report
participants’ stage of dementia (Gray & Clair, 2002; Moorman Li et al., 2017). All studies providing
information about the subtype of dementia included people with Alzheimer’s disease (AD). Among
them, three studies (Fu et al., 2013; Jimbo et al., 2009; Lin et al., 2007) included people with vascular
dementia (VaD), frontotemporal dementia (FTD) and ‘other dementias’; Brooker et al.’s sample
(1997) included AD and FTD; whereas Holmes et al. (2002) included participants with AD, VaD,
FTD and dementia Lewy body (DLB). Subtypes of dementia were not provided in six studies (Gray
& Clair, 2002; Henry et al., 1994; Moorman Li et al., 2017; Sakamoto et al., 2012; Smallwood et al.,
2001; Takeda et al., 2017).

Among the 20 studies, eight used a control group composed of older people of similar age to those
with dementia (n = 5) (El Haj et al., 2018; Glachet et al., 2019; Glachet & El Haj, 2019, 2020a, 2020b),
people with dementia with the same demographic characteristics to the experimental group (n = 2)
(Sakamoto et al., 2012; Takahashi et al., 2020) and older and young people (n = 1) (Lopis et al., 2021).
Jimbo et al. (2009) and Takahashi et al. (2020) included care staff and caregivers in their sample.

Only eight studies (Brooker et al., 1997; Glachet & El Haj, 2020a, 2020b; Gray & Clair, 2002; Lopis
et al., 2021; Snow et al., 2004; Sulmont-Rossé et al., 2018; Takahashi et al., 2020) conducted olfactory
screening of participants pre-intervention using standardised tools such as Odor Stick Identification Test-
Japanese version (Saito et al., 2006), a Likert self-assessment scale (e.g. Pouliot & Jones-Gotman, 2008)
or by recording the participants’ verbal and non-verbal reactions to odorants (e.g. coffee).

Olfactory stimuli

Across the 20 different studies, a total of 20 different olfactory materials were used.
The smells used were mainly pure, diluted or in a mixture of two or more scents.
Only a few studies reported concentration and dosage information (Fu et al., 2013; Holmes et al.,

2002; Jimbo et al., 2009; Lin et al., 2007; Snow et al., 2004; Takahashi et al., 2020) (see
Supplementary Material, Table S4, for a summary of the scents used, study domains and ad-
ministration methods).

The selection of olfactory materials was based on physical and physiological effects as reported
by previous studies or participants’ odour preferences assessed pre-intervention (in three studies):
Takeda et al. (2017) asked participants to select and express their preference for one of three oils
presented, whereas Glachet and El Haj (2020a, 2020b) used olfactory items that were rated by
participants as easy to detect and familiar. One study did not record the rationale for the smells
chosen.

Lavender was the most commonly used scent. This essential oil was used in 13 studies primarily
to reduce responsive behaviours (n = 8) (Brooker et al., 1997; Gray & Clair, 2002; Holmes et al.,
2002; Fu et al., 2013; Li et al., 2007; Moorman Li et al., 2017; Smallwood et al., 2001; Snow et al.,
2004) such as agitation, falls (n = 1) (Sakamoto et al., 2012), to improve sleep patterns (n = 2) (Henry
et al., 1994; Takeda et al., 2017) or cognitive function (n = 1) (Jimbo et al., 2009). Among these
studies, two articles (Jimbo et al., 2009; Takeda et al., 2017) combined lavender oil with sweet
orange oil for their calming properties.

Orange and coffee were the next most common scents used. Coffee was used to explore and
evaluate participants’ autobiographic memories in five French studies (El Haj et al., 2018; Glachet
et al., 2019; Glachet & El Haj, 2020a, 2020b, Lopis et al., 2021), suggesting that this is a distinctive
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smell which is likely to be associated with an individual’s past. Orange was used for a variety of
reasons, including eliciting memories (Glachet & El Haj, 2020a, 2020b), reducing responsive
behaviours (Gray & Clair, 2002), increasing sleep (Takeda et al., 2017) and enhancing cognitive
function (Jimbo et al., 2009).

Olfactory administration methods

Olfactory stimuli were administered using a variety of methods and procedures.

Inhalation

An inhalation method was used in 15 studies (Brooker et al., 1997; El Haj et al., 2018; Glachet
et al., 2019; Glachet & El Haj, 2019, 2020a, 2020b; Henry et al., 1994; Holmes et al., 2002; Jimbo
et al., 2009; Lin et al., 2007; Lopis et al., 2021; Moorman Li et al., 2017; Smallwood et al. 2001;
Sulmont-Rossé et al., 2018; Takahashi et al., 2020). Among these, eight used diffusers, such as
fans or steam diffusers (Brooker et al., 1997; Henry et al., 1994; Holmes et al., 2002; Jimbo et al.,
2009; Lin et al., 2007; Moorman Li et al., 2017; Smallwood et al. 2001; Sulmont-Rossé et al.,
2018). Lin et al. (2007) placed two diffusers next to the participants’ pillows for at least 1 hour
during sleep at night. Similarly, Henry et al. (1994) diffused lavender oil in the participants’
bedrooms overnight using an electric fan. In another study, participants were exposed to
a mixture of essential oils with stimulating properties (lemon and rosemary oil) for 2 hours in the
morning and with calming properties (lavender and orange oils) for 90 min in the evening (Jimbo
et al., 2009). Two other studies administered lavender oil twice a day. Moorman Li et al. (2017)
diffused lavender for 20 min in a common area of a day care centre in the morning and in the mid-
afternoon. Smallwood et al. (2001) diffused the lavender oil in a room twice a week across four
times during the day (before 10 a.m., 11 a.m., 2 p.m., and 3 p.m.) for a total of eight sessions over
4 weeks.

Lavender oil was diffused in participants’ bedrooms for 30 min in 8–12 sessions over a 3-month
period (Brooker et al., 1997) and in communal area for 2 hours in 10 sessions over 1 month (Holmes
et al., 2002). Meat aroma (‘sauté de boeuf’, lit. ‘beef stir-fry’) was diffused in a nursing home’s
dining room 15 min before lunch as olfactory priming to trigger food-related mental representations,
aiming to stimulate appetite (Sulmont-Rossé et al., 2018).

Two studies used diffusers and sniffing sticks (Lopis et al., 2021; Takahashi et al., 2020) and five
studies used scent bottles (El Haj et al., 2018; Glachet et al., 2019; Glachet & El Haj, 2019, 2020a,
2020b). Participants were asked to place the bottles under their nose and breathe normally, whilst
closing their eyes and mouth. This procedure was conducted when participants were asked to
retrieve memories, self-related statements or think about future events.

Fabric and patch

Sakamoto et al. (2012) used a scent-infused lavender paper patch attached to the inside of the
resident’s clothes near the neck for 24 h for 360 days. A similar method of administration was
used by Gray and Clair (2002). A scented cotton-ball was taped to the lapel of each resident
20 min before the morning medications for 4 days for each of the three scents used. Snow et al.
(2004) applied lavender oil for 2 weeks and thyme oil for the following 2 weeks to an absorbent
fabric sachet. Takeda et al. (2017) applied essential oil to a towel wrapped around participants’
pillows for 20 days.
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Spray

Sprays were used in two studies. In one, lavender or water (control group) was sprayed directly onto
individuals’ skin on their upper chest (Fu et al., 2013). In the other study, the aroma was sprayed on
participants’ clothing and bedding a few times a day (Takahashi et al., 2020).

Intervention effects

The effects of olfactory stimulation in each of the domains investigated in the studies included in the
review are discussed in detail below and summarised in Table 2.

Responsive behaviours

Mixed findings on the effect of olfactory stimulation on responsive behaviours were reported.
Moorman Li et al. (2017) reported a significant decrease in the frequency of observed agitation

following 2 months of a scent exposure during activities in a day care centre. These improvements
were not found in other domains observed (restlessness/wandering, anger and anxiety). The decrease
in agitation was significantly larger in participants aged 70–85 age compared to those aged 86–100.
There was no gender difference in the results in all four domains.

Improvements in responsive behaviours such as agitation, anxiety and irritability were also
reported by Takahashi et al. (2020) in the experimental group after environmental exposure to an
ethanol cleaning solution with added cedar fragrance and distilled solution with cedar sprayed on
clothing and bedding, compared to the control group who were exposed to the ethanol solution
without fragrance.

Sakamoto et al. (2012) found a significant decrease in the Cohen-Mansfield Agitation In-
ventory (CMAI) (Cohen-Mansfield & Kerin, 1986) score following a 12-month period of ol-
factory stimulation using a patch worn by residents in nursing homes. A significant decrease was
also found in the Neuropsychiatric Inventory (NPI) Chinese version (Leung et al., 2001) and
CMAI scores after a 3-week period of 1 hour of lavender exposure at night compared to the control
condition, that is, the same procedure with sunflower oil (Lin et al., 2007). Sub-analysis showed no
significant difference in odour condition response based on gender and subtype of dementia (i.e.
AD and VaD).

Four studies did not report significant benefits after olfactory stimulation in people with dementia
(Fu et al., 2013; Gray & Clair, 2002; SmalIwood et al., 2001; Snow et al., 2004). SmalIwood et al.
(2001) administered lavender oil or a control oil either via a diffuser or massage, twice a week for
4 weeks. Analysis of video recordings of participants’ motor behaviours after two aromatherapy
treatments (diffuser or massage) and the placebo conditions found no significant differences between
the three groups. Snow et al. (2004) assessed the effect of an infused fabric sachet attached to
clothing for two different aromas and one with no aroma for a total of 10 weeks. No statistical
difference on the CMAI scale was reported across the three conditions. No significant effects were
found in Fu et al.’s (2013) study. This used olfactory stimuli via oil spray on residents’ upper chests
and compared this to aromatherapy hand massage and placebo (water spray) for 6 weeks. Gray and
Clair (2002) examined the effects of an infused cotton-ball taped to the lapel of resident for 20 min,
whilst medications were administered in terms of frequencies of resistive behaviours, time taken to
administer medications and gender difference. No significant differences occurred in behaviours,
duration of medication administration and gender across four conditions: a cotton-ball without odour
and with lavender, sweet orange or tea tree.
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Table 2. Summary of the research outcomes and quality assessments.

References Findings
MMAT
score

Lopis et al.
(2021)

A higher number of memories were recalled by older people, followed by
PwDf and young adult. Visual stimuli evoked significantly more (p < .05)
and rarer (p < .05) memories than odours, and odours stimuli produced
more memories than auditory stimuli in PwDf. No significant differences
were found in emotional valence and vividness memories between
groups and type of sensory stimuli. PwDf (p = .01) and older people (p <
.05) rated their memories significantly more emotional intense than the
young adult group; no difference was found for the type of stimuli. PwDf

evoked significantly more memories in the age between 0–18 (p < .05);
no differences for type of stimuli and age were found

���

Glachet and El Haj
(2020a)

Significant increase in both groups in phenomenological characteristics of
past and future (apart specificity for control group) events after odour-
exposure. Significantly shorter reaction time (p = .001) for past event in
PwDf after odour exposure; significantly shorter reaction time for the
control group for past event (with or without odour, respectively p =
.01 and p = .005) and future event (with odour) (p = .03)

���

Glachet and El Haj
(2020b)

Significant increase of the number of self-related statements in odour
condition compared to odour-free condition in PwDf (p < .001) and
control group (p < .05). Significant increase of psychological self-
statements in odour condition for PwDf (p < .05). No difference in
social and physical statements in both condition and groups

���

Takahashi et al.
(2020)

Significant decreases (p < .05) in agitation, anxiety and irritability in the exp.
group at 4 and 8 weeks. No significant difference in cognitive function
between the two groups. Significantly lower caregiver burden (p < .05)

�

Glachet et al.
(2019)

Significant increase in number of childhood (p < .05), adulthood (p < .01)
and recent (p < .01) memories after odour-exposure than without
odour. PwDf significantly retrieved more specificity childhood (p < .01),
adulthood (p < .01) and recent (p < .01) memories after odour
exposure compared to odour-free condition. Regarding the temporal
gradient of memories, PwDf produced more adulthood memories than
childhood memories and more childhood memories than recent
memories with or without odour exposure

���

Glachet and El Haj
(2019)

Significantly higher arousal (p < .01), subjective reliving (p < .05), specificity
(p < .01) and positive (p < .01) odour-evoked autobiographical
memories than for memories evoked without odour only in PwDf.
Negative correlation between depression scores and emotional
valence, arousal and subjective reliving in PwDf

���

El Haj et al.
(2018)

Memories retrieved after odour and music exposure in PwDf had higher
specificity, emotional arousal, mental time travel and shorter retrieval
time than in the control condition. Retrieval time was much shorter
after odour exposure than music exposure

����

(continued)
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Table 2. (continued)

References Findings
MMAT
score

Sulmont-Rossé et al.
(2018)

A significant effect of olfactory priming in meat food intake (p = .04). A
positive effect in vegetable consumption (p = .06) compared to the
control condition. Significant increase in resident’s interest toward the
meal in the primed lunch. This effect was no longer observed when the
priming session was replicated 2 weeks later with the same priming
odour and menu

����

Moorman Li et al.
(2017)

Non-significant reduction (p = .06) in the frequency of responsive
behaviours pre- and post-intervention.
In the analysis of individual responsive behaviours, significant decrease
only for the frequency of agitation pre- and post-intervention.
Participants in the 70–85 age cohort showed a significant decrease in
agitation than the 86–100 cohort post-intervention. There was no
significant difference for effects of gender on any of the four behaviour
responses investigated

��

Takeda et al. (2017) Total sleep time (p < .05) and sustained sleep period (p < .05) were
significantly longer in the intervention period than in the control. Early
morning waking in the intervention period was significantly less (p = .01)
compared to that in the control. Total daytime sleep could not be
adequately measured, and it was omitted from the analysis. No
significant differences in other sleep measurements were observed

����

Fu et al. (2013) No significant effect was found following aromatherapy alone and
aromatherapy combined with massage on participants’ responsive
behaviours

����

Sakamato et al.
(2012)

Fewer falls in the lavender group, significant decrease in CMAIc (p = .04)
from baseline to 12-month follow-up. No difference between the two
groups for any of the outcomes investigated

���

Jimbo et al. (2009) A significant improvement in four GBSS-Je items (p < .05) and TDASg

(p < .05) after aromatherapy. Participants with ADa showed significant
improvement in total TDASg scores (p < .01). Blood analysis and
biochemical examination showed no significant changes. Results from
ZBI-Jh score showed no significant changes

���

Lin et al. (2007) Significant effects were found in CCMAIb (p < .001) and CNPId (p < .001)
after odour condition. Independent sub-analysis showed no significant
difference on odour condition response based on gender and subtype of
dementia

���

Snow et al. (2004) No significant treatment effects were found following the two odour
conditions compared the control condition

��

Holmes et al. (2002) Nine residents (60%) showed an improvement, five (33%) showed no
change and one participant (7%) showed a worsening of agitated
behaviour during aromatherapy compared with placebo

���

Gray and Clair (2002) No significant difference in behaviours or duration of medication
administration and gender influence across the four conditions

��

(continued)
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Mixed findings were reported in two studies (Brooker et al., 1997; Holmes et al., 2002). Brooker
et al. (1997) reported that two participants had reduced agitation following the aromatherapy in-
tervention, whereas two other participants showed increased agitation. Similarly, Holmes et al.
(2002) found that nine residents showed an improvement, five reported no change and one par-
ticipant had increased agitation following an aromatherapy intervention compared with a placebo.
Taking into account the subtypes of dementia, three participants with AD showed positive benefit,
one reported no change. Of the seven participants with VaD, five showed improvement and two
showed no change. Of the three people with a diagnosis of DLB two showed no change, one person
worsened and the only participant with FTD showed reduced agitation.

Autobiographical memory

Five studies reported that smell is an effective cue for triggering autobiographic memories with one
suggesting that it can facilitate future thinking (the capacity to project oneself into the future) (El Haj
et al., 2018; Glachet et al., 2019; Glachet & El Haj, 2019, 2020a, Lopis et al., 2021). All studies
compared the participants’ responses following one session of odour exposure and one session with
no odour (control condition), apart from Lopis et al. (2021) who conducted a session using pictures
as comparison to the olfactory stimuli and El Haj et al. (2018) who conducted three sessions: odour
exposure, music exposure, and control condition.

Glachet and El Haj (2019) found that odour-evoked memories were more positive, specific,
emotional and evocative compared to memories triggered in the odour-free condition. Additionally,
El Haj et al. (2018) found that odour-evoked autobiographical memories had a shorter retrieval time
compared to memories triggered following music exposure. Similar findings were reported in

Table 2. (continued)

References Findings
MMAT
score

Smallwood et al.
(2001)

No significant difference between the treatments, although consistent
reduction in agitation following the aromatherapy massage. Significant
time difference occurred between 3 and 4 p.m. between aromatherapy
massage (p < .05) and only aromatherapy (p = .05)

���

Brooker et al. (1997) Findings varied considerably between individuals. The observations
showed benefit for two people only following just aromatherapy or
massage. Other two participants reported an increase of agitation
following all treatment conditions apart the aromatherapy-massage for
one of them

���

Henry et al. (1994) A significant increase in the total of hours slept following aromatherapy
(p < .01)

�

aAD = Alzheimer’s disease.
bCCMAI = Cohen-Mansfield Agitation Inventory Chinese version.
cCMAI = Cohen-Mansfield Agitation Inventory.
dCNPI = Neuropsychiatric Inventory Chinese version.
eGBSS-J = The Gottfries, Bråne, Steen Scale.
fPwD = People with dementia.
gTDAS = Touch-panel type Dementia Assessment Scale.
hZBI-J = Zarit Caregiver Burden Interview Japanese version.
Risk of bias: (�����) low; (����) or (���) moderate; (��) or (�)high.
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a study by the same group (Glachet & El Haj, 2020a) that evaluated the effect of odour exposure on
past events and future thinking. Participants exposed to the odour condition reported past and future
events with higher phenomenological characteristics (i.e. specificity, arousal and emotional valence)
and shorter retrieval time for past events but not for future events which was found only in the control
group. Glachet et al. (2019) also reported that olfactory stimuli triggered a significantly higher
number of recent (i.e. last five years) and remote (childhood and adulthood) memories compared to
an odour-free condition. While, a more recent study (Lopis et al., 2021) comparing the impact of
odour, auditory and visual cues in retrieval of autobiographic memories found that visual stimuli led
to recall of more and rarer memories and overall, a better retrieval performance across auditory and
odour stimuli. Furthermore, odour-evoked memories were not significantly more emotional than
those recalled following pictures or sounds.

Cognitive function

Mixed results were reported for the benefits of olfactory stimulation on cognitive functions in people
with mild to moderate dementia, with one study showing positive effects (Jimbo et al., 2009) and one
no effects (Takahashi et al., 2020).

Jimbo et al. (2009) investigated cognitive function after exposure to two scent mixtures with
stimulating and calming properties. The results showed a significant improvement in the scores of
four items of the Japanese version of the Gottfries, Bråne, Steen Scale (GBSS-J) (Homma et al.,
1991) and the overall score of Touch-panel type Dementia Assessment Scale (TDAS) (Inoue et al.,
2011). Interestingly, participants with a diagnosis of AD greatly improved in the TDAS (p < .01)
compared to the other participants. In contrast, no significant difference in cognitive function was
found in Takahashi et al.’s study (2020) between the control and experimental group.

Self-concept

Glachet and El Haj (2020b) evaluated the role of smell as a cue to enhance the retrieval of self-related
knowledge (i.e. self-concept). It includes the psychological, physical and social self-related mental
representations about who we are (e.g. traits, beliefs, values, social status, roles and physical at-
tributes) and includes cognitive and affective judgements about ourselves. The authors reported that
participants exposed to the odour condition generated significantly more self-related statements in
response to the question ‘Who am I?’ compared to the odour-free condition. In particular, smells
triggered more self-statements associated with the psychological dimensions of the self.

Sleep

Two studies supported the use of olfactory stimulation to reduce sleep disturbance in people with
severe dementia (Henry et al., 1994; Takeda et al., 2017).

Henry et al. (1994) found a significant increase in total hours slept after 4 weeks of exposure to
a room scent overnight compared to an odour-free condition. Takeda et al. (2017) reported a sig-
nificant effect when using aromatherapy overnight, including longer total sleep duration, sustained
sleep period and less early morning waking. Sleep patterns and residents’ behaviours were measured
by comparing the data from the NPI (Cummings et al., 1994) and a 24-h body movement monitoring
device collected during the 20 days when the resident’s pillow was wrapped in a towel without oil
(control condition) and the following 20 days when the essential oil was introduced to the towel
surface.

D’Andrea et al. 1815



Appetite

One study assessed the effect of olfactory stimulation on food intake (Sulmont-Rossé et al., 2018), in
which participants were exposed to a meat scent in the dining room for 15 min before serving the
main course during two lunches that were alternated with the control condition (two scent-free
lunches). A significant effect of the olfactory priming was found with a 25% increase in meat
consumption and an increase in vegetable consumption approaching significance compared to the
control condition. Behavioural observations also showed a significant increase in residents’ interest
in the meal in the scent-primed lunch condition. However, this effect was no longer observed when
the intervention was replicated 2 weeks later with the same priming odour and the same menu.

Balance

Positive results were found in the only study in this review focusing on the effect of smells on
balance. Sakamoto et al. (2012) reported that nursing home residents who wore a lavender patch for
almost a year experienced fewer falls and incident rates compared to those who did not wear a patch.

Study quality

Key methodological issues in the RCT studies include poor quality and reporting of the ran-
domisation process, participants’ adherence to the study, comparability of the experimental and
control group at baseline and completeness of outcome data reported. In the majority of quantitative
non-randomised studies, it was unclear whether the interventions were administered as intended and
if confounders were considered in the design and analysis, due to a lack of information. The risk of
bias identified in the single case study included in the review was lack of data presented in the paper
and information on participants’ inclusion and exclusion criteria.

An overall quality score for each study was developed by rating each MMAT domain as 1 if the
study reported appropriate information and as 0 (zero) if the domain was not met or if the in-
formation reported was unclear. The highest score was 4 and the lowest was 1. Five out of 20 studies
had a MMAT score of 2-star or less. The scores are presented in Table 2. For each of the outcomes
evaluated in this review, a brief summary of the studies bias and confidence in the results is reported
below.

Two studies (Moorman Li et al., 2017; Takahashi et al., 2020) out of four demonstrating im-
proved responsive behaviours were assessed at high risk of bias. This was due to a lack of strategies
to reduce the effect of any potentially confounding factors (Moorman Li et al., 2017), a single un-
blinded observation (Moorman Li et al., 2017; Takahashi et al., 2020) and a lack of information on
study adherence (Moorman Li et al., 2017), randomisation and completeness of outcomes data
(Takahashi et al., 2020). There is moderate confidence in the results reported by the other two studies
on responsive behaviours included in the review due to the incomplete outcome data and the high
number of participants withdrawing (137 out of 282) in Sakamoto et al.’s (2012) study, the lack of
blinding of outcomes assessment and a lack of information regarding the intervention adherence in
Lin et al.’s (2007) study. Among the six studies demonstrating no or mixed effects of olfactory
stimulation on responsive behaviours, four studies were assessed at moderate risk of bias (Brooker
et al., 1997; Fu et al., 2013; Holmes et al., 2002; SmalIwood et al., 2001) and two presented high risk
due to the lack of information on the confounder analysis (Gray & Clair, 2002; Snow et al., 2004),
study adherence (Snow et al., 2004), study deviation (Gray &Clair, 2002) and small sample size (n =
7) (Snow et al., 2004).
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There is moderate confidence in the results of studies on autobiographic memories which were
evaluated with a moderate risk of bias due to unclear information regarding adherence to the protocol
(El Haj et al., 2018; Glachet et al., 2019; Glachet & El Haj, 2019; Lopis et al., 2021), numbers of
participants withdrawing (Glachet & El Haj, 2019, 2020a; Lopis et al., 2021) and confounder
analysis (Glachet et al., 2019; Glachet & El Haj, 2020a).

Confidence in Henry et al.’s (1994) study results regarding the impact of olfactory intervention on
sleep was low due to a lack of information about the sample characteristics, study adherence and
completeness of outcomes data. Takeda et al.’s (2017) study was evaluated with moderate risk of
bias in all domains of the MMATapart from the sample representative of the target population due to
the small sample size (n = 19).

The studies evaluating the effect of olfactory stimuli on appetite (Sulmont-Rossé et al., 2018),
falls (Sakamoto et al. 2012), cognitive function (Jimbo et al., 2009) and self-concept (Glachet and El
Haj, 2020b) were assessed at moderate risk of bias: a lack of information on the study compliance
(Glachet and El Haj, 2020b; Jimbo et al. 2009), confounder analysis (Jimbo et al. 2009; Sulmont-
Rossé et al., 2018) and numbers of participants withdrawing (Glachet and El Haj, 2020b; Sakamoto
et al. 2012). For a summary of risk of bias, see Supplementary Material, Figure S1.

Discussion

Twenty studies were included in this review, exploring the effects of olfactory stimulation in relation
to three domains: responsive behaviour, cognitive function, and physical functioning.

In line with previous reviews (e.g. Ball et al., 2020), the findings from the current review showed
that olfactory interventions were not associated consistently with decreasing frequency of re-
sponsive behaviours for people with dementia exposed to olfactory stimulation. These findings arose
from 10 studies included in the review assessing responsive behaviours, among which four reported
positive outcomes, four found no significant effect of olfactory stimulation, and the effects observed
in two studies reported variable responses.

The extent to which olfactory intervention could improve cognitive functioning is unclear due to
mixed findings and limited evidence. The current review confirms olfactory stimuli as effective cues
to stimulate positive, emotional, specific and less considered autobiographic memories in people
with dementia. Glachet and El Haj (2020b) demonstrated that odour exposure can positively impact
the individual conceptual self-related knowledge (self-concept). The findings of the present review
suggest that olfactory stimuli could play a role in supporting the identity of people with dementia as
they enhance autobiographic memories and access to self-concept.

A surprisingly limited body of evidence was found on the impact of olfactory stimulation on
physical functioning, such as sleep, food intake and balance. This is despite literature stating that
smell cues can modify eating behaviours (Zoon et al., 2016), enhance sleep pattern (Park et al., 2016)
and improve postural control (Freeman et al., 2009). Although limited, the current review provides
evidence of the benefit on the total and sustained hours slept of people with dementia following
overnight odour exposure for 3–4 weeks. A significant odour priming effect was found for food
intake. However, the increase in meat and vegetable consumption observed was not noted on the
second exposure to the same odour priming after 2 weeks (Sulmont-Rossé et al., 2018). Authors
suggested several explanations for this finding that should be further explored, such as changes on
olfactory functioning over time, the exact odour exposure time and habituation effect. One study
measured the impact of olfactory stimulation on balance and reported a significant effect following
prolonged exposure to the olfactory stimulus. Overall, the encouraging results found on physical
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functioning suggest that there continues to be a need for further research to assess the effect of
olfactory stimulation in relation to these areas.

The various outcomes reported were evaluated through quantitative research design, which sur-
prisingly constituted the only sources of evidence of olfactory stimulation in dementia care. While
quantitative research is particularly useful to quantify intervention effects, there are some limitations to
consider when applied in dementia research on olfactory intervention. For example, quantitativemethods
do not enable capture of participants’ perspectives on the nature of change and positive effects that are
likely to occur ‘in the moment’ at the verbal and non-verbal level (Webb et al., 2020). Furthermore, as
most people with severe dementia might present communication difficulties, observational measures
may be helpful to explore the individual’s experience and investigate the potential role of olfactory
stimuli in dementia care. Qualitative or mixed methods designs could extend the quantitative findings by
offering insights into participants’ olfactory experiences and the specific features associated with ol-
factory stimulation in dementia care. Non-invasive physiological measures such as skin conductance or
cardiovascular response using new technologies and instruments could also provide valuable information
on physiological responses when people are less able to communicate their subjective affective ex-
perience (Garbarino et al., 2014).

The included studies varied greatly in terms of administration methods, procedures and out-
comes. The high heterogeneity found in the intervention protocols and the limited number of studies
for each outcome (i.e. sleep, food intake, cognitive function and balance) made comparisons be-
tween the studies difficult.

Attempts were made to identify patterns between olfactory outcomes and the different ap-
proaches used to administer olfactory stimuli among the studies. Among the three studies that did not
report significant improvements in responsive behaviour, scent-infused fabric or body oil spray were
used. These application methods might be associated with habituation effects, that is, a decrease in
individual’s response due to the continual exposure to an odour. Other factors such as the source,
grade and dilution of olfactory stimuli, and the method of administration might have potential
implications for the success of the interventions. In this review, inferences regarding the habituation
effect and odour concentration on the outcomes could not be made due to the limited information
reported by the included studies.

It remains unclear if other factors such as the number of sessions and the length of interventions
might play a role in the reported outcomes. Repeated and prolonged scent exposure (e.g. every day
for almost 1 year) was associated with positive outcomes. There is evidence showing that olfactory
sensitivity is greatly reduced following constant exposure, that is, over 20 minutes, and dramatically
diminished if the odour is encountered throughout the day (Dalton & Wysocki, 1996; Stuck et al.,
2014). On the other hand, there is evidence that olfactory stimuli at subthreshold levels (unconscious
perception) may influence behaviours and responses to the surrounding environment (Dalton et al.
2000). Further research is needed to draw firm conclusions about the most appropriate smell
administration methods for people with dementia and to identify other factors influencing the
outcomes.

Regarding olfactory stimuli, the majority of studies used lavender oil to reduce responsive
behaviours. Lavender has a long history of medical use and has been employed for its sedative and
calming properties (Cavanagh & Wilkinson, 2002; Sayorwan et al., 2012). Although it has been
widely used in olfactory stimulation, specific pharmacological effects of lavender aromatherapy are
difficult to distinguish from any innate or learned preference for this scent (Bradley et al., 2009). This
may also explain the mixed results observed in the studies included.

Among the studies included only three considered the participants’ smell preferences and fa-
miliarity. Smell preference and past experience create the framework upon which response to odour
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takes place (Herz, 2016). This is particularly relevant in the context of triggering autobiographic
memories or behaviour change. Inter-individual characteristics can modulate the degree to which
scents elicit responses. Therefore, it could be expected that stage and subtype of dementia as well as
individual olfactory function may influence the outcomes. The majority of the studies included
people with AD and VaD. There were very few studies involving people with FTD and DLB; so,
there is currently limited evidence as to what extent olfactory stimulation may be useful for these
groups and whether the subtype of dementia could be relevant to outcomes.

Although people with dementia may present an impaired sense of smell, only eight studies assessed
the participants’ olfactory functioning. It was therefore unclear to what extent participants had an ol-
factory experience or indeed if they could perceive the odours at all. Olfactory screening at baseline can
increase certainty that the participants are able to perceive the smells presented. Standardised screening
tests lasting approximately 40 min, such as smell identification tasks, might present practical limitations
when used with people with dementia who often present communication difficulties (e.g. aphasia) and
a limited ability to focus and maintain concentration for an extended period, especially in the later stages
of the condition. Recording participants’ verbal and non-verbal reactions to smells presents an alternative
way to screen the olfactory functioning of people with dementia. However, due to the large inter-
individual variability of people’s responses, this method might lack standardisation. Future studies
should include olfactory screening investigating the best method to conduct it.

The encouraging results found in the present review suggest that olfactory exposure might be
considered a potentially effective non-pharmacological intervention for people with dementia and
indicates a direction for future research. Due to the limited body of evidence, the methodological
limitations and the diversity of approaches used, it was not possible to draw any clear conclusion
about the efficacy of olfactory stimulation.

Strengths and limitations

The review has benefitted from the inclusion of a range of study designs and methods that provided
an overview of the field and a rich source of data on olfactory interventions and their effects. In
addition, excluding the studies using olfactory stimuli in combination with other sensory activities or
massage reduced the risk that any positive findings identified could be related to variables other than
olfactory stimulation.

There are some limitations in this review. Only studies published in English were included.While
there were positives to a single-reviewer approach with verification of a subset of articles by the
second reviewer, such as reducing the time and streamlining the review process, this approach may
leave the review open to bias and errors. The inclusion criteria could have neglected some important
information. In particular, the decision to exclude studies that used touch or massage alongside
olfactory stimuli was made to exclude contamination of purely olfactory effects by tactile stim-
ulation. However, doing so means that this review could not explore the interaction of different
forms of olfactory stimulation. Finally, publication bias could have affected the overall conclusions.
It is recognised that studies with negative results are often unreported, which consequently may
misinform the review’s conclusions (Mlinarić et al., 2017).

Recommendations

Future research should systematically investigate the conflicting outcomes reported, by clarifying
why and how olfactory stimulation works. To this aim, high methodological quality of studies and
detailed research protocols are required to allow examination of similarities and differences and to
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compare effects. Qualitative investigations are essential to provide a further insight into the ex-
perience of olfactory stimulation and any factors associated with positive outcomes.

Previous experience, preference and cultural context play a relevant role in how people perceive
odours and in predicting individual’s responses. Therefore, further studies should take these factors
into account (Herz, 2016). Finally, olfactory stimulation effects on those with different types of
dementia should be investigated. This is because dementias affect the olfactory system differently
(Alves et al., 2014), and olfactory stimulation effects would be expected to differ.

Conclusion

Despite the heterogeneity of methods in the included papers, the results of the studies are generally in
favour of the use of olfactory stimulation. Olfactory intervention in dementia care is an emergent
area of research warranting attention since current data suggests that smells may promote physical
health, cognitive and behavioural changes, with minimal or no adverse events (Ball et al., 2020).
Given that smells trigger positive emotional and autobiographic memories, olfactory stimulation
might be useful to improve the quality of life and well-being of people with dementia and those who
care for them.
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