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A B S T R A C T

This study aims to systematically evaluate the efficacy of Pet robot intervention (PRI) for people with dementia.
Two waves of electronic searches of the PubMed, EMBASE, Web of Science, Cochrane library, IEEE Digital
Library and PsycINFO databases were conducted. In total, eight articles from six randomized controlled trials
(RCTs) met the eligibility criteria and were included in this systematic review. The results of the meta-analysis
showed a statistically significant decrease in behavioral and psychological symptoms of dementia (BPSD),
especially agitation and depression, in people with dementia who were treated with PRI. Both individual and
group format PRI significantly ameliorated BPSD. However, there were no significant improvements in cognitive
function or quality of life. The results of the meta-analysis suggest that PRI may be suitable as a treatment option
for BPSD in people with dementia and should be considered as a useful tool in clinical practice.

1. Introduction

With 47 million people worldwide living with dementia in 2016 and
131 million people expected to be affected in 2050, dementia has be-
come a major global public health issue and will continue to be a public
health burden in the future (Prince et al., 2016). Behavioral and psy-
chological symptoms of dementia (BPSD) are highly prevalent in people
with dementia and include affective disturbances, psychotic features,
disturbed perception, hyperactivity, sleep disturbances and a variety of
socially inappropriate behaviors, of which the most common are agi-
tation and depression (Kales et al., 2015; Rm et al., 2014; Rosenberg
et al., 2015; Seitz et al., 2010). Overall, BPSD are associated with a
more rapid progression from mild dementia to severe dementia, as they
accelerate cognitive decline (Peters et al., 2015; Wetzels et al., 2010),
reduce quality of life (Givens et al., 2015; Wetzels et al., 2010), de-
crease the ability to perform activities of daily living (Wetzels et al.,
2010) and lead to a higher caregiver burden (Fauth and Gibbons, 2014;
Moyle et al., 2018), all of which are major concerns in dementia care.

The strategies available for management of BPSD include

pharmacological and nonpharmacological therapies. However, medi-
cations have limited effectiveness compared to placebos (Schneider
et al., 2006; Seitz et al., 2013), and the repeated use of antipsychotics,
such as risperidone and olanzapine, may accelerate cognitive decline
(Ma et al., 2014; Sink et al., 2005), increase the risk of falls (Dyer et al.,
2017; Tripathi and Vibha, 2010), cause gastrointestinal problems (Tan
et al., 2014; Dyer et al., 2017), and result in abnormal liver function
(Ma et al., 2014; Tripathi and Vibha, 2010). Thus, nonpharmacological
therapies are being increasingly implemented (Morrin et al., 2017) and
are recommended as the first-line treatment for BPSD
(Guideline Adaptation Committee, 2016). Recent systematic reviews
have shown that various types of nonpharmacological interventions,
such as exercise training (Fleiner et al., 2016), music therapy (Garcia-
Casares et al., 2017), and animal-assisted intervention (Hu et al., 2018),
are effective at reducing BPSD. Interacting with pets/animals has long
been known to promote emotional benefits. However, while animal-
assisted intervention has known positive effects, it is not always ap-
propriate for animals to visit long-term care facilities or day care cen-
ters (Moyle et al., 2017; Robinson et al., 2015; Soler et al., 2015).
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Health care workers fear the risk of the animals injuring residents;
possible injuries include bites, scratches, allergic reactions and infec-
tions. Additionally, agitated residents could harm or frighten the ani-
mals, and animal care may consume resources (time, money and space).
Consequently, animal-shaped robots that can serve as alternatives or
complements to real animals might be useful in some cases. Compared
to live animals, pet robots have fewer requirements in terms of time,
space and money, and their sensing devices can respond to changes in
posture, touch, sound, and light, simulating interactions with residents
(Preuß and Legal, 2017; Soler et al., 2015). Pet robot intervention (PRI)
stem from the principle of animal-assisted intervention and is seen as a
viable substitute for animal-assisted intervention (Bernabei et al.,
2013), which has been shown to provide emotional and physiological
benefits for older people in long-term care facilities and to ameliorate
agitation and depression in people with dementia (Bernabei et al.,
2013; Hu et al., 2018; Huei-Chuan Sung et al., 2015; Robinson et al.,
2013). In nursing homes or day care units, PRI are conducted using
robotic pets, such as baby harp seals (PARO), dogs (AIBO), cats (Ne-
CoRo) and teddy bears (CuDDler) (Bemelmans et al., 2012; Mordoch
et al., 2013; Preuß and Legal, 2017).

In recent years, PRI have drawn the attention of researchers in the
field of dementia. However, the effects of PRI on people with dementia
are inconsistent. For example, a randomized controlled trial (RCT)
(Petersen et al., 2017) showed that the levels of depression and anxiety
significantly decreased in the PRI group compared with the control
group after the 12-week intervention. Conversely, another study
(Liang et al., 2017) indicated that although people with dementia had
better social interactions after PRI, there were no significant differences
in neuropsychological symptoms between the intervention and control
groups. In a previous review (Mordoch et al., 2013), the author in-
cluded 9 publications in academic journals and 12 conference pro-
ceedings and evaluated the effects of PRI on people with dementia; the
results indicated that pet robots were potentially useful as a therapeutic
intervention. Nonetheless, because the included studies were diverse
and the data were insufficient, a meta-analysis could not be conducted,
and precise conclusions have not been reached. A recent systematic
review and meta-analysis (Pu et al., 2018) investigated the effects of
social robots on several health outcomes for older adults; however, the
review focused on the effects of social robots for older people, not just
the effects of pet robots among people with dementia. Social robots are
defined as artificial agents that look and behave like humans or animals
(Abdi et al., 2018; Broekens et al., 2009). Pet robots are clearly a type of
social robots. However, social robots are tasked with aiding activities of
daily living or improving the psychological status and overall well-
being of users (Reiser et al., 2013; Abdi et al., 2018). Pet robots, in
contrast, are more generally associated with playing the role of a real
pet.

In general, the effects of PRI on people with dementia require fur-
ther exploration. Thus, we performed this systematic review and meta-
analysis of RCTs to further clarify the effects of PRI among people with
dementia. The primary aim of this study was to examine the effects of
PRI on BPSD. The secondary aims were to investigate the effects of PRI
on cognitive function and quality of life.

2. Method

We conducted this systematic review and meta-analysis by fol-
lowing the preferred reporting items in the systematic review and meta-
analyses (PRISMA) guidelines (Moher et al., 2009).

2.1. Literature search strategy

Two reviewers (LMM and HMY) performed two waves of compre-
hensive electronic literature searches of the PubMed, EMBASE, Web of
Science, Cochrane library, IEEE Digital Library and PsycINFO databases
to identify relevant studies that were written in English. An initial

search was performed in November 2017, and an updated search was
performed in November 2018. Further relevant publications were
identified through the reference lists of the included publications and
previous related systematic reviews. For each database, the search
strategy was personalized. The key search terms were a combination of
medical subject heading terms (MeSH) and entry terms (using the
PubMed query as an example): "Dementia"[Mesh] OR "Dementias" OR
"Amentia" OR "Amentias" OR "Senile Paranoid Dementia" OR
"Dementias, Senile Paranoid" OR "Paranoid Dementia, Senile" OR
"Paranoid Dementias, Senile" OR "Senile Paranoid Dementias" OR
"Familial Dementia" OR "Dementia, Familial" OR "Dementias, Familial"
OR "Familial Dementias" OR" Alzheimer Disease" [Mesh] OR
"Alzheimer's Disease" OR "Alzheimer Type Dementia" OR "Alzheimer
Type Senile Dementia" OR "Alzheimer Sclerosis" OR "Alzheimer
Syndrome" OR "Alzheimer Dementia", "Robot-Assisted" OR "robot pet-
assisted" OR "companion robot" OR "Pet Robot" OR "Robotic Pets" OR
"Robotic" OR "robot", "Randomized Controlled Trial" [Mesh] OR
"Clinical Trials, Randomized" OR "Trials, Randomized Clinical" OR
"Controlled Clinical Trials, Randomized" OR "Controlled Clinical Trial"
OR "Randomized" OR "Randomized Controlled Study" OR "Randomly"
OR "Trial". Similar strategies were used to search the other databases.

2.2. Criteria for inclusion

Trials were included in this review if they met the following criteria:
(1) Study type: RCTs; (2) Study population: participants were diagnosed
with dementia; (3) Intervention method: PRI (including interactions
between the participants and the pet robots or interactions among the
participants, pet robots, and the activity organizer); and (4) Outcomes:
the study reported available detailed data about the effects of the in-
tervention. In addition, the study was required to have assessed at least
one of the results investigated in this meta-analysis (BPSD, cognitive
function or quality of life).

2.3. Study selection and data extraction

All of the searched records were imported into EndNote X7 to
eliminate duplicate studies. The two reviewers (LMM and HMY)
worked independently to identify studies that met the inclusion criteria
and extracted data independently. To further evaluate the eligibility of
potential studies, we obtained the full-text articles and discussed any
disagreements with the third reviewer (ZP). From each included study,
we extracted data including the author, publication year, country,
participants’ mean age, intervention details (e.g., type, frequency,
duration, and total number of sessions), follow-up times and outcome
measurement tools.

2.4. Quality assessment

The quality of the included studies was evaluated using the ap-
proach recommended by the Cochrane Handbook for systematic re-
views of interventions (Higgins and Green, 2011). The six re-
commended domains included seven items (random sequence
generation, allocation concealment, blinding of participants and per-
sonnel, blinding of outcome assessors, incomplete outcome data, se-
lective reporting, and other bias). All included studies were assessed
independently, and the risk of bias for each item was categorized as
‘low risk’, ‘unclear’ or ‘high risk’. Disagreements between the two re-
viewers were resolved by a third reviewer (ZP).

2.5. Statistical analysis

This meta-analysis was based on the data from the scales used in the
respective studies. We used the standardized mean difference (SMD)
with 95% CI in most analyses, and the mean difference (MD) with 95%
CI was applied when studies used the same outcome scale. The SMD
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and MD were interpreted according to Cohen's definitions: 0.2–0.5 re-
presented a small effect size, 0.5–0.8 represented a moderate effect size,
and>0.8 represented a large effect size (Cohen, 1962). The level of
heterogeneity was evaluated by the I2 method, and a value of I2> 50%
was regarded as significant heterogeneity (Higgins et al., 2003). We
used the fixed-effects model to calculate the pooled effect size if the
data were not significantly heterogeneous. Otherwise, the random-ef-
fects model was used. RevMan 5.3 provided by Cochrane Collaboration
was used for all statistical calculations, and a p value <0.05 was con-
sidered statistically significant. Subgroup analysis was performed to
explore which PRI format was most beneficial for people with dementia
and to assess the effects of PRI on specific types of BPSD.

3. Results

3.1. Overview of the included studies

A total of 980 records were identified from the electronic databases
in the final search. After removal of duplicates and obviously irrelevant
records, we retrieved 71 full-text publications to further evaluate their
eligibility. Sixty-three publications were excluded because they did not
meet the inclusion criteria. Ultimately, a total of eight publications
(Jøranson et al., 2015, 2016; Liang et al., 2017; Moyle et al.,
2013,2017,2018; Petersen et al., 2017; Soler et al., 2015) from six RCTs
involving 502 participants with dementia met the eligibility criteria and
were included in this systematic review. The detailed screening process
is illustrated in Fig. 1. The main characteristics of the included studies
are shown in Table 1. Two studies were performed in Australia, and one
study each was conducted in Norway, New Zealand, Spain, and the
USA. Most participants came from long-term care facilities. All of the
included studies reported clear inclusion and exclusion criteria for their

participants. In all six RCTs, the robotic pets used for the intervention
were baby harp seals (PARO).

3.2. Risk of bias assessment

The risk of bias of each included study is shown in Fig. 2. All in-
cluded studies reported randomized allocation. Four of the studies
specifically reported that the randomization sequence was generated by
a random number generator on a computer (Liang et al., 2017; Moyle
et al., 2013), a coin toss (Petersen et al., 2017) or a six-sided die
(Soler et al., 2015). Two other studies performed random allocation
using an external research center (Jøransonet al., 2015; Moyle et al.,
2017). Two included studies (Liang et al., 2017; Petersen et al., 2017)
did not state their allocation concealment in detail, so the risk of allo-
cation concealment bias was judged as unclear, and the other four
studies (Soler et al., 2015; Jøransonet al., 2015; Moyle et al., 2013,
2017) were judged as being low risk for this bias. However, only one
study (Moyle et al., 2017) was judged as having a low risk of perfor-
mance bias because it was difficult to blind personnel and participants
in the trials to the PRI. Three studies (Moyle et al., 2013; Moyle et al.,
2017; Soler et al., 2015) blinded the outcome assessors; therefore, their
risk of detection bias was judged as low. The risk of attrition bias was
low in three studies (Jøransonet al., 2015; Moyle et al., 2017; Petersen
et al., 2017) because the research data were complete or the amount of
missing data and the reasons for missing data were described. There
was no evidence of selective reporting bias in any of the included stu-
dies. The risk of other bias was categorized as high in one study
(Liang et al., 2017) because of the small sample size.

Fig. 1. Flow diagram for search and selection of the included studies.
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3.3. Meta-analysis results of PRI among people with dementia

3.3.1. Primary outcomes
3.3.1.1. BPSD. All six studies (Jøranson et al., 2015; Liang et al., 2017;
Moyle et al., 2013, 2017; Petersen et al., 2017; Soler et al., 2015)
provided detailed data on BPSD.(Liang et al., 2017) examined the
effects of PRI on agitation, depression, and neuropsychiatric symptoms
in older adults with dementia. They found that PARO significantly
improved depressive symptoms compared with those of the controls.
However, there were no significant differences in agitation or
neuropsychiatric symptoms between the intervention and control
groups. Jøranson et al. (2015) evaluated the effects of robot-assisted
activity for 12 weeks with a follow-up after 12 weeks in people with
dementia. There were no significant differences in the changes in
agitation or depression between the groups from baseline to the end of
the intervention. The important findings in this study were that
statistically significant differences in the changes in agitation and
depression were found between the groups from baseline to 12 weeks
after the end of the intervention. It is uncertain what causes contributed
to the significant results measured at follow-up; they may have been
caused by changes in the psychosocial milieu or hormone levels.

Soler et al. (2015) assessed the effects of 3 months of PRI on apathy
and neuropsychiatric symptoms in people with dementia. Participants
in the PARO group showed an improvement in apathy. However, there
were no significant differences in neuropsychiatric symptoms between
groups. Petersen et al. (2017) evaluated the effects of PRI on depression
and anxiety in people with dementia. Treatment with the PARO robot
for 12 weeks significantly decreased depression and anxiety in the
treatment group. Moyle et al. (2013) assessed the effects of PRI on
emotions in people with dementia. Small to moderate effects on Rating
Anxiety in Dementia Scale (RAID) scores were observed in the
treatment group compared to the reading group. However, there were
no significant differences between the groups regarding effects on
depression or apathy. In another study performed by.
Moyle et al. (2017), the PARO robot was compared to a look-alike
plush toy and usual care in people with dementia. When agitation was
measured by video observation, PARO demonstrated effectiveness in
reducing agitated behavior compared with usual care. When agitation
was measured using the Cohen-Mansfield Agitation Inventory-Short
Form scale (CMAI-SF), there were no significant differences among the
3 groups after the 10-week intervention. The result of the first meta-
analysis showed that compared with the control participants, the
participants in the intervention group experienced significant
amelioration of global BPSD (n=384, SMD=−0.38, 95% CI
[−0.59, −0.18], p=0.0002, I2= 16%, the fixed-effects model;
Fig. 3).

3.3.1.2. BPSD subgroups. The results from three studies (Jøranson
et al., 2015; Liang et al., 2017; Moyle et al., 2017) showed that the
PRI had a significant beneficial effect on agitation (n=216,
SMD=−0.37, 95%CI [−0.64, −0.09], p=0.008, I2= 28%). Four
included studies (Jøranson et al., 2015; Liang et al., 2017; Petersen
et al., 2017; Moyle et al., 2013) showed a beneficial effect on
depression (n=174, SMD=−0.35, 95%CI [−0.65, −0.04],
p=0.03, I2= 66%). In addition, three studies (Petersen et al., 2017;
Soler et al., 2015; Moyle et al., 2013) were included in an analysis of
the effects of PRI on other subtypes of BPSD (anxiety or apathy). The
results showed significant improvement in these subtypes compared to
the control group (n=168, SMD=−0.42, 95%CI [−0.72, −0.11],
p=0.008, I2= 0%, the fixed-effects model; Fig. 4).

Two studies (Liang et al., 2017; Moyle et al., 2017) reported de-
tailed data on individual format PRI, while four studies (Jøranson et al.,
2015; Petersen et al., 2017; Soler et al., 2015; Moyle et al., 2013) re-
ported detailed data on group format PRI. In the individual format
subgroup, the results showed that the participants in the PRI group had
a significant reduction in SMD scores for BPSD compared with the
participants in the control groups (n=163, SMD=−0.37, 95% CI
[−0.69, −0.06], p=0.02, I2= 66%). In the group format subgroup, a
significant reduction in SMD scores for BPSD was also observed
(n=221, SMD=−0.39, 95% CI [−0.66, −0.12], p=0.004, I2= 0%,
the fixed-effects model; Fig. 5).

3.3.2. Secondary outcomes
3.3.2.1. Cognitive function. Three studies assessed the effects of PRI on

Fig. 2. Risk of bias summary: review of the authors' judgments about each risk
of bias item for each included study.

Fig. 3. The effect of PRI on BPSD.
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cognitive function using Addenbrooke's Cognitive Examination
(Liang et al., 2017), the Mini-Mental State Examination (MMSE)
(Soler et al., 2015) and the Global Deterioration Scale (GDS)
(Petersen et al., 2017). The meta-analysis showed no significant
difference between the PRI group and the control group (n=156,
SMD=0.02, 95% CI [−0.29, 0.34], p=0.88, I2= 0%, the fixed-effect
model; Fig. 6).

3.3.2.2. Quality of life. Three studies (Jøranson et al., 2016; Soler et al.,
2015; Moyle et al., 2013) provided detailed data on quality of life.
Moyle et al. (2013) reported Quality of Life in Alzheimer's Disease scale
(QOL-AD) scores while the other two studies (Jøranson et al., 2016;
Soler et al., 2015) reported Quality of Life in Late-Stage Dementia scale
(QUALID) scores. The meta-analysis results showed that PRI had no
significant effect on quality of life (n=160, SMD=0.19, 95% CI
[−0.64, 1.01], p=0.66, I2= 85%, the random-effects model; Fig. 7).

3.4. Description of outcomes not suitable for meta-analysis

BPSD can present as agitation and sleep disturbances. One core
aspect of agitation is excessive motor activity (Cummings et al., 2015).
A recent study (Moyle et al., 2018) assessed the effects of PARO on
motor activity and sleep patterns in people with dementia, as measured
by a wearable triaxial accelerometer. This article (Moyle et al., 2018)
was not included in the meta-analysis because it measured different
parameters and we could not combine the data to obtain information on
the total motor activity and the total sleep quality. Instead, the effec-
tiveness of PARO for these outcomes is described and summarized in
the following narrative review. In this research, the PARO group was
compared to the plush toy group and the usual care group. After the
intervention, the PARO group showed a greater reduction in daytime
step count than the plush toy group and a greater reduction in night-
time step count compared with both the plush toy group and the usual
care group. The PARO group also had a greater reduction in nighttime
physical activity than the usual care group. However, no significant
differences were found among the 3 groups in the amount of time spent

Fig. 4. The effects of PRI on agitation, depression and other types of BPSD.

Fig. 5. Effects of the individual and group format PRI on BPSD.
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awake, lying down, and asleep during daytime and nighttime periods.

4. Discussion

4.1. Summary and interpretation of findings

Eight articles from six studies of PRI in people with dementia were
included in our systematic review, and seven articles were included in
our meta-analysis. The results of this meta-analysis showed a statisti-
cally significant decrease in BPSD, especially agitation and depression,
in people with dementia who were treated with PRI. Both the individual
and group format PRI significantly ameliorated BPSD. However, there
were no significant improvements in cognitive function or quality of
life. Quality of life includes psychological and physiological aspects.
PRI can improve the mental state of people with dementia, but as time
progresses, their physiological status may continue to worsen; thus, PRI
may not have an overall positive impact on quality of life.

In 2013, the International Association of Human-Animal Interaction
Organizations (IAHAIO) established animal-assisted intervention as a
structured and goal-oriented intervention that aims to incorporate an-
imals into human services, health, and education for the therapeutic
benefit to humans. In recent years, several studies (Friedmann et al.,
2014; Majić et al., 2013; Menna et al., 2016; Moretti et al., 2011) have
confirmed the beneficial effects of animal-assisted intervention on
BPSD. The underlying mechanism may be explained by changes in
hormone levels (Handlin et al., 2012), self-efficacy (Bandura, 1977),
biophilia (Beetz, 2017), anthropomorphism (Beetz, 2017; Urquiza-Haas
and Kotrschal, 2015), social support (Barker et al., 2003; Heinrichs
et al., 2003) or attachment (Miesen, 1993) that occur when people with
dementia are in contact with animals. Although animal-assisted inter-
ventions have several positive effects on people with dementia, some
potential safety risks to patients, staff or visitors may arise during im-
plementation (Soler et al., 2015; Velde et al., 2015). In addition, in
some countries, such as Japan, animals are not allowed in nursing
homes or hospitals (Kimura et al., 2010). Moreover, caring for animals
requires a great deal of human, material and financial resources
(Soler et al., 2015). Pet robots aim to mimic the benefits of caring for
animals while circumventing potential safety risks and minimizing costs
(Preuß and Legal, 2017). Therefore, pet robots have been suggested as a
potential viable alternative to real animals (Shibata, 2012; Wada et al.,
2008). Similar to animal-assisted intervention, PRI may exert positive
effects on people with dementia through similar mechanisms.

There are several explanations for the positive effects of PRI on
BPSD in people with dementia. First, pet robots are thought to exert a
calming influence by affecting the stress response (Bemelmans et al.,
2012; Mordoch et al., 2013). Some researchers believe that in a positive

social context, an increase in the hormone oxytocin will lower blood
pressure and reduce cortisol levels, resulting in a reduced stress re-
sponse, which is seen as a response to the positive social interaction
occurring in the PRI setting (Jøranson et al., 2015; Uvnäsmoberg,
1998). A previous PRI study (Wada and Shibata, 2007a) reported that
oxytocin levels were increased after the intervention. Another study
(Robinson et al., 2015) showed that after stroking and interacting with
a PARO, participants' systolic and diastolic blood pressure values de-
creased compared to their baseline values. In most of the included
studies, hormone levels and physiological parameters were not mea-
sured; however, a similar response might provide a plausible explana-
tion for the declining trend in BPSD observed during the intervention.
Second, physical interaction with pet robots included stroking, hugging
and petting (Chang and Huber, 2013; Takayanagi et al., 2014). Petting
the soft fur of pet robots could stimulate the participants’ palms, mi-
micking the effects of hand massages. A previous study found that hand
massages release stress-relieving hormones that alter stress responses
and reduce neuropsychiatric symptoms such as depression and agita-
tion in older adults (Remington, 2002). People with dementia usually
show higher levels of stress (Kikhia et al., 2016), and they are likely to
have similar beneficial health responses when interacting with pet ro-
bots. If interacting with pet robots can create emotions similar to those
experienced when caring for real pets, this effect may help explain the
increased levels of oxytocin measured in a previous pet robot study
(Wada and Shibata, 2007a). In short, some of the main reasons for the
decreased BPSD in the intervention group include reduced stress re-
sponses and calming effects caused by social and physical interactions
with pet robots.

In our study, subgroup analysis showed that both individual and
group format PRI had beneficial effects on BPSD. Previous studies
(Marti et al., 2006; Wada et al., 2004) have shown that interacting with
pet robots in a group format can enhance cooperation and commu-
nication with other participants, therapists and staff. However, inter-
acting with pet robots in an individual format can better meet the needs
of the participants and reflect the purpose of personalized care. In a
recent study (Liang et al., 2017), most participants preferred one-on-
one engagement with pet robots compared to shared group interactions,
suggesting that one-on-one interactions with pet robots are important
and meaningful in dementia care. To date, no empirical studies have
investigated which intervention format has the strongest therapeutic
effect in clinical practice. Future research may focus on exploring which
intervention formats are most effective for people with dementia.

Some PRI studies found that the mood of participants was amelio-
rated based on video observations of the activity period; people with
dementia were described as exhibiting more smiles, laughter, pleasure,
and positive emotional expressions during the interaction (Moyle et al.,

Fig. 6. The effect of PRI on cognitive function.

Fig. 7. The effect of PRI on quality of life.
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2017; Takayanagi et al., 2014; Wada and Shibata, 2007b; Wada et al.,
2004). In Moyle's study (Moyle et al., 2017), video observation for
15min before the intervention and 15min during the intervention re-
vealed that compared with the participants in the control group, the
participants who interacted with the PARO exhibited greater pleasure.
In Takayanagi's study (Takayanagi et al., 2014), a time sampling
method was used to analyze the participants’ responses during the in-
itial 6 min of interaction with the PARO. The video data suggested that
the participants laughed more frequently with the PARO than with a
toy and exhibited more positive changes in emotional expression with
the PARO than with a toy. Data recorded by video are more objective
and accurate and are suitable for research involving people with de-
mentia. Therefore, future research could utilize this assessment method.

However, we found no statistically significant effects of PRI on
cognitive function or quality of life. Our findings regarding cognitive
function are expected, because dementia is a degenerative and pro-
gressive brain disease, and it is impractical to expect PRI to restore
cognitive function to a normal state. Our results are also consistent with
the findings reported in another literature review (Bernabei et al., 2013
showing that animal-assisted intervention for people with dementia
have positive effects on coping ability and communication but not
cognitive state. Regarding the effect of PRI on quality of life, the results
of the three studies (Jøranson et al., 2016; Soler et al., 2015; Moyle
et al., 2013) that we included are controversial. Soler et al. (2015) and
Moyle et al., (2013) reported a significant effect of PRI on quality of life
in people with dementia compared to participants in the control group.
Jøranson et al. (2016) found no significant effects on quality of life in
people with dementia who received PRI compared with those who re-
ceived usual care. Another RCT was not included in our meta-analysis
because not all participants had dementia (only 48% of participants
showed signs of cognitive impairment); the results of that study also
showed no significant differences in the change in quality of life be-
tween the groups from baseline to the end of the intervention. Thus, the
effect of PRI on quality of life in people with dementia remains unclear.
The inconsistencies in the reported results may be due to the use of
different assessment tools, the subjective nature of the assessments, the
use of different sample sizes, or the inclusion of people with different
severities of dementia. Nevertheless, due to the insufficient evidence in
these categories in our included studies, further research should be
performed to explore other parameters in addition to BPSD.

4.2. Issues that require attention and directions for future research

Our findings suggest that PRI may be suitable as a treatment option
for BPSD in people with dementia and should be considered as a useful
tool in clinical practice. Several issues require attention to advance
research on the effects of PRI in people with dementia. First, it is im-
portant to introduce pet robots in an appropriate manner, taking into
account cultural differences in the acceptance of pet robots. In Asian
countries, animal-assisted intervention is not universally accepted, and
people tend to accept pet robots as companions rather than therapeutic
tools. In contrast, Europeans tend to pay attention to the effects of an
interaction with pet robots and accept them as therapeutic tools be-
cause animal-assisted intervention has been widely used. Americans
tend to accept pet robots as therapeutic tools as well as companions.
Second, applicability might vary from person to person, as not everyone
likes pet robots or is interested in PRI. Therefore, we suggest that
planners who formulate PRI protocols should take into consideration
the participant's previous life background when choosing the most
suitable type of pet robot. Third, for future studies, the assessments of
outcome measures should be as comprehensive as possible and should
use a combination of self-reported measures, objective records (such as
video records) and subjective assessments. This approach could more
accurately reveal the effects of PRI. Fourth, the cost of pet robots should
be considered when deciding to introduce pet robots into care facilities
or research. In addition, pet robots need to be serviced in the event of

malfunction, and the cost of repairs and the time required for service
may limit their availability. Finally, it would be best for an organization
that is planning to initiate PRI programming to develop formal guide-
lines for the PRI schedule, including the frequency and duration of each
session as well as the duration of the entire intervention process. In
most of the studies that we included in this analysis, the frequency of
the sessions, the time per session, and the duration of the entire inter-
vention ranged from twice per week to three times per week (mostly
three times per week), 15–40min (mostly 30min), and six weeks to
three months (three months was common), respectively. Consequently,
because the intervention durations in prior studies have been short,
future studies should extend the duration of the intervention to explore
the optimal duration.

4.3. Strengths and limitations

A strength of this meta-analysis is that only RCTs were included,
which implies that the included studies had a rigorous study design.
This study also has some limitations. First, only eight articles reported
from six trials were included in the study. Although each trial provided
detailed data on BPSD, data were less sufficient regarding secondary
outcomes; only three trials provided detailed data on cognitive func-
tion, and three trials provided detailed data on quality of life. The
limited number of trials limits the strength of the evidence and resulted
in a poor interpretation of the findings of some of these studies.
However, we believe that with the development of intelligent robots, an
increasing number of researchers will explore the effectiveness of PRI in
people with dementia. Second, the included studies used varying ap-
proaches, e.g., facilitated and non-facilitated interventions, group and
individual interventions, cluster and parallel methods, and varying
durations of the intervention. Thus, the optimal intervention design for
eliciting beneficial effects remains unclear. Third, although there are
many types of pet robots, the pet robots used in the interventions in our
included studies were all PARO robots, so a subgroup analysis based on
the type of pet robot could not be performed. Future research could
focus on exploring which type of pet robot is most effective. Fourth, the
characteristics of people with dementia (e.g., the severity and subtype
of dementia) who may benefit the most from PRI remain to be estab-
lished. Finally, we searched only a few English language databases.
Therefore, some studies may have been missed.

5. Conclusions

A total of eight articles from six studies of PRI in people with de-
mentia were included in our systematic review. The results of the meta-
analysis showed that PRI have positive effects on BPSD in people with
dementia. However, the potential beneficial effects on cognition and
quality of life remain unclear. Considering that most of the included
studies were of low to moderate quality and that only one study con-
ducted by Moyle et al. (2017) met the seven criteria for RCTs, there is a
potential risk of bias. The limited number of included studies and the
potential risk of bias limit the strength of the evidence, so developers
who make positive comments on the effectiveness of PRI should be
cautious about these results. Larger-scale studies using more rigorously
designed and standardized protocols are needed to draw specific and
accurate conclusions.
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