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a b s t r a c t

Aims: Animal-assisted therapy (AAT) relieves pain by creating a relaxed and comfortable environment to
reduce anxiety in children. Yet little is known about its effects on pain in children. This study aims to
systematically evaluate the effects of AAT on pain in children.
Methods: Eight databases including PubMed, Cochrane Library, Web of Science, CINAHL Complete, Chi-
nese Biomedical Database (CBM), Weipu Database (VIP), China Knowledge Resource Integrated Database
(CNKI) and Wanfang Database were retrieved, and all randomized controlled trials or controlled clinical
trial using AAT on children’s pain were recruited from inception to October 2019. Two reviewers inde-
pendently screened literature, extracted data and assessed the risk of bias of the included studies.
RevMan 5.3 software was employed for meta-analysis.
Results: Seven published studies containing 4 RCTs and 3 CCTs were included for the systematic review.
The results of meta-analysis showed that AAT could reduce children’s pain when compared with the
control group [MD ¼ �0.53, 95% CI (�0.77, �0.30), P < 0.00001].
Conclusion: Current evidence shows that AAT can relieve pain in children to some extent. Considering
the limited quality and quantity of the available studies, more high quality studies should be performed
to verify the above conclusion.
© 2020 The authors. Published by Elsevier B.V. on behalf of the Chinese Nursing Association. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
What is known?

� Current clinical guidelines cover acute operational pain, post-
operative pain, and chronic pain.

� The recommendations of the clinical practice guidelines mainly
involve 8 aspects of pain management in children, including
pain-causing operation, expression pattern of pain, principles of
pain management, participants, pain assessment, intervention,
records and training.

� Benefits of exposure to animal companion to human health,
both in physical and psychological aspects, have been well-
documented.

� Animal-assisted therapy (AAT) has now been applied frequently
in psychological disorders among children, such as autism,
depression, attention deficit disorder, and a favourable thera-
peutic effect has been documented.
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What is new?

� The evaluation results of this system showed that AAT could
reduce children’s pain.

� AAT could also reduce children’s the degree of behavioral
distress to some extent, and influence the respiratory rate, heart
rate, diastolic blood pressure, oxygen saturation and cerebral
oxygenation in children, but could not significantly improve the
anxiety level of children and their parents.
1. Introduction

Pain, an unpleasant subjective sensory and emotional experi-
ence with existing and potential tissue damage [1], is listed as the
fifth most important vital sign after body temperature, pulse,
respiration and blood pressure [2]. Pain experience of children is
easily neglected [3], and incidence of pain is especially higher
among hospitalized children [4]. Studies have shown that chronic
pain in children can cause anxiety, depression and other negative
emotions, seriously affecting their quality of life [5,6]. Despite this,
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Fig. 1. Flow chart of the literature search and selection process.
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there is a lack of effective pain management model for children
among existing studies.

The multi-mode analgesic administration regimens (such as
aspirin, non-aspirin, paracetamol, etc.) are commonly adopted
clinically to relieve pain in patients. However, opioids may still
cause adverse reactions such as nausea, vomiting, respiratory
depression and hallucination for patients, even though its dose has
been reduced [7e9]. Therefore, non-drug therapies, such as music
therapy, cognitive behavioral therapy and animal assisted therapy
(AAT), are preferred by healthcare staff and patients due to their
minimal side effects and easy implementation. Among them, the
application of AAT, as one of the non-drug intervention methods
dealing with children’s pain, is gradually increasing [10e13].
Animal-assisted therapy (AAT) is different from common interac-
tion with companion animals. AAT, also known as animal-assisted
intervention, is a conscious and unique form of therapy involving
the patient, trained animal and human owner or trainer as a ther-
apist, with the aim of promoting the patient’s success in achieving
therapeutic goals. Such goals can include improvement in physical,
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social, emotional, and cognitive functioning [14e18]. AAT relieves
pain by creating a relaxed and comfortable environment to reduce
anxiety in children [10,12].

So far, majority of studies have indicated the effectiveness of
AAT in improving and managing the clinical outcomes of pain in
children, yet there is still a shortage of robust evidence and its
practicability is controversial. Therefore, this study, as the first
meta-analysis focusing on summarizing the effectiveness of AAT on
pain in children through reviewing previous studies, aims to eval-
uate its effectiveness for pain management, and provide theoretical
basis for reducing the pain of children in the methods of systematic
review and meta-analysis.

2. Methods

2.1. Search strategy

Eight electronic databases, i.e. PubMed, Cochrane Library, Web
of Science, CINAHL Complete, Chinese Biomedical Database (CBM),



Table 1
Characteristics of the included study.

Author, year and country Study type N(Male/Female) Age (years) N(I/C) Intervention Control

Barker et al., 2017 [21]
USA

RCT 19/21 8e17 20/20 Assisted therapy with dogs Create age-
appropriate
puzzle pieces

Braun et al., 2009 [10]
USA

RCT 29/28 3e17 18/39 Assisted therapy with dogs Sit quietly for
15 min

Calcater-ra et al., 2015 [12]
Italy

RCT 32/8 3e17 20/20 Assisted therapy with dogs Standard
medical care
after surgery

Vagnoli et al., 2015 [22]
Italy

RCT 24/26 4e11 25/25 Assisted therapy with dogs Accompanie-
d by parents,
without any
dogs

Sobo et al., 2006 [13]
American

CCT 9/16 5e18 25/25 Assisted therapy with dogs e

Silva et al., 2018 [23]
Brazil

CCT 10/14 6e12 24/24 Assisted therapy with dogs e

Chubak et al., 2017 [24]
USA

CCT 10/9 7e17 18/18 Assisted therapy with dogs e

Note: Outcome indicators: 1, Pain; 2, Blood pressure; 3, Heart rate; 4, Breathing rate; 5, Oxygen saturation; 6, Cerebral oxygenation; 7, Anxiety levels; 8, Behavior distress.
NRS ¼ Numeric Rating Scale. FPS ¼ Facial Pain Scale. VAS ¼ Visual Analogue Scale.
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Weipu Database (VIP), China Knowledge Resource Integrated
Database (CNKI) and Wanfang Database, were searched for articles
that evaluated AAT on children’s pain, and were published from the
database’s inception to October 2019. We also checked the refer-
ence lists of relevant articles for additional studies, utilizing back-
ward and forward searching for relevant articles. The search terms
of the MeSH and free text terms included Child/Children/Infant/
Nurseling/Adolescent/Teen/Teenager/Youth/Pediatric/Neonate/
Toddler/Minors/animal assisted therapy/animal facilitated therapy/
pet facilitated therapy/DAT/AAT/pet therapy/animal assisted inter-
vention/animal assisted activity/animal therapy/animal-assisted
therapy/animal-assisted activity/AAA/animal-assisted interven-
tion/pet-therapy intervention/animal-facilitated therapy. Appendix
A provided the search strategies for all the databases, which used a
combination of MeSH and free text terms. The search ensured that
MeSH terms were exploded. Free text terms were searched in the
title, abstract, summary, heading or keywords. The search strategy
was adjusted as appropriate for each database retrieved.
2.2. Eligible criteria

Studies were included when the following criteria was met: (a)
Randomized controlled trial (RCT) or controlled clinical trial (CCT);
(b) Age range: 3e18 years (regardless of race, nationality, type of
disease, or course of illness); (c) In the experimental group, the
intervention was conducted in the way of AAT, in which the animal
was introduced into the ward as a therapist and had close inter-
actionwith the children; Other treatments were used in the control
group, such as jigsaw puzzles, basic post-operative medical care, or
parental care; (d) The main outcome measures were pain intensity
score, measured by Numeric Rating Scale (NRS), Facial Pain Scale
(FACS) and Visual Analogue Scale (VAS), PedsQL Present Func-
tioning Scales; (e) Secondary outcome measures were physiolog-
ical, anxiety, and behavioral distress, including diastolic blood
pressure, heart rate, respiratory rate, oxygen saturation, and cere-
bral oxygenation.

Studies which met the following criteria were excluded: (a)
Repeated publications; (b) Non-Chinese and English literature; (c)
Without related outcome measures; (d) Conference papers; (e)
Literature with incomplete data that cannot be extracted.
32
2.3. Study selection

Two reviewers independently screened the literature, extracted
the data and cross-checked them. In the event of disagreement, a
third reviewer adjudicated. In the process of literature screening,
the title of the text is read first. After excluding the obviously
irrelevant literature, the abstract and full text are then read to
determine whether the literature should be included. Where
necessary, the original study author was contacted by email or
phone for undetermined but important information for the study.
2.4. Data extraction and quality appraisal

Two experienced reviewers independently extracted data of
interest using a standard electronic form which were checked for
agreement prior to data analysis. Disagreements regarding data
extraction were resolved through discussion. The extracted data
included patient and study characteristics, including sample size,
treatment comparisons, pain score of each group. If these datawere
not reported, we contacted the corresponding author to obtain
data.

Two reviewers evaluated the risk of bias among the included
RCT and CCT literatures respectively according to the evaluation
criteria of Cochrane Systematic Review Manual 5.1.0 [19] and JBI
2005 [20]. The evaluation items of Cochrane Handbook 5.1.0
included: random sequence generation, allocation concealment,
blinding, incomplete outcome data, selective reporting and other
sources of bias. Each study was assessed as either “low risk of bias”,
“high risk of bias”, or “unclear risk of bias” for each item based on
study reporting and/or additional information provided by the
study authors; JBI 2005 included 9 items, mainly evaluates whether
the study has the characteristics of causal relationship, baseline
comparability, control group, loss of follow-up of the study object,
result evaluation method and data analysis method. According to
above criteria, “yes”, “no”, “unclear” or “not applicable” are used to
evaluate the included CCT literature one by one. After independent
evaluation, two reviewers discussed and reached a consensus. If
there was any disagreement, the third reviewer would arbitrate or
the research group would decide.



Intervention time/frequency Outcome
indicators

Pain characteristic Pain assessment tool Main findings

10min/one time 1, 7 e NRS The pain score did not decrease in the experimental group

15e20min/one time 1, 2, 3, 4 e FPS The pain score in the experimental group decreased by
0.63

20min/one time 1, 2, 3, 5, 6 Post-operative
pain

FPS The pain score in the experimental group decreased by
0.97

Twice a week for 2 h/sixth times 1, 7, 8 Venipuncture pain VAS or FPS The pain score in the experimental group decreased by
0.11

10e20min/one time 1 Post-operative
pain

Physical Pain Scale The pain score in the experimental group decreased by
0.98

Three 30min per week/twelve
times

1, 2, 3, 7 e FPS The pain score in the experimental group decreased by
0.56

20min/one time 1 e PedsQL Present Functioning
Scales

The pain score in the experimental group decreased by
0.42
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2.5. Data analysis

RevMan5.3 software was applied for statistical analysis. Mean
difference (MD) was regarded as the effect analysis statistic for
measurement data, and risk ratio (RR) was used as the effect
analysis statistic for dichotomous variables. 95% CI was provided for
each effect. Heterogeneity among the included studies was quan-
titatively determined by c2 test of heterogeneity and the I2 statistic.
If there was no statistical heterogeneity among the results, fixed-
effect model was used for meta-analysis. If there was statistical
heterogeneity among the results, the source of heterogeneity was
further analyzed. After excluding the influence of obvious clinical
heterogeneity, random effect model was used for meta-analysis.
Significant clinical heterogeneity was treated with subgroup anal-
ysis or sensitivity analysis. All P values were calculated from two
tailed tests of statistical significance with a type I error rate of 0.05.

This systematic review does not require ethical assessment
because only indirect literature will be included and evaluated.
3. Results

3.1. Literature selection

The literature search identified 2,375 studies, of which 272 were
duplicates. A further 2,053 studies were excluded after the initial
screening of titles and abstracts. The full-text of the remaining 50
studies was further reviewed, of which 7 were considered eligible
Table 2
Methodological quality evaluation of randomized controlled trials.

Author and year Random sequence
generation

Allocation
concealment

Blinding of participan
personnel

Barker et al., 2017
[21]

Low Unclear Low

Braun et al., 2009
[10]

High High Low

Calcaterra et al.,
2015 [12]

Low Low Low

Vagnoli et al., 2015
[22]

Low High High
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for this review (Fig. 1).
3.2. Study characteristics and risks of bias

Table 1 summarized the main characteristics of the seven
studies [10,12,13,21-24], which included the authors, publication
date, study location, sample size, sex distribution, mean age, sam-
ple size, interventions, intervention time, outcome indicators and
pain assessment tool. There were 4 RCT studies and 3 CCT studies.
These studies were performed in USA (4 studies), Italy (1 study) and
Brazil (2 studies). The duration of intervention ranged from 10min
to 16 h.

The final methodological quality evaluation of the 7 included
studies was shown in Table 2 and Table 3. The quality evaluation
grade of the literature was above medium. And there were no
statistically significant differences in age, gender and other aspects
between the included experimental group and the control group,
and baseline data were comparable.
3.3. Meta-analysis

3.3.1. Pain
Pain was reported in 7 trials [10,12,13,21e24], including 4 RCTs

and 3 CCTs. The NRS, FACS and VAS were used to measure the pain
degree in these studies. In the subgroup analysis of study types,
both the RCT group [SMD¼�0.44, 95% CI (�0.75,�0.12), P¼ 0.007]
and the CCTgroup [SMD¼�0.66, 95% CI (�1.01,�0.31), P¼ 0.0002]
ts and Blinding of outcome
assessment

Incomplete
outcome data

Selective
reporting

Other
bias

Unclear High Unclear Low

High Low Unclear High

High High Low Low

Low Low Low High



Table 3
Methodological quality evaluation of controlled clinical trial.

Author
and
year

Explain the
causal
relationship

Baseline
comparability
between
groups

In addition to the intervention,
each group accepted whether
the other measures were the
same

Whether
control
group was
set up

Carry out multi-
dimensional
measurement of
outcome index

Complete
follow-up

Outcomes were
measured in the
same manner for
each group

Measurement
of outcome
measures

Whether the
data analysis
method is
appropriate

Sobo
et al.,
2006
[13]

Unclear Yes Yes No Unclear Yes Yes Yes Yes

Silva
et al.,
2018
[23]

Unclear Yes Yes No Unclear Yes Yes Yes Yes

Chubak
et al.,
2017
[24]

Unclear Yes Yes No Unclear Yes Yes Yes Yes

Fig. 3. Forest plot of comparison between the experiment group and the control group regarding to diastolic blood pressure.

Fig. 2. Forest plot of comparison between the experiment group and the control group regarding to pain score.
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showed that AAT could alleviate children’s pain. There was no
statistically significant difference between the results of RCTs and
CCTs (c2 ¼ 0.85, P¼ 0.36). The results of meta-analysis showed that
AAT could reduce children’s pain when compared with the control
group[MD ¼ �0.53, 95% CI (�0.77, �0.30), P < 0.00001] (Fig. 2).
3.3.2. Physiological indicators
Three studies [10,12,23] reported the effects of AAT on diastolic

blood pressure and heart rate. Results of meta-analysis in fixed-
effect models showed there was no statistical difference in dia-
stolic blood pressure between the experimental group and the
control group [MD ¼ �2.88, 95%CI (�6.03, 0.28), P ¼ 0.07] (Fig. 3).
Since there was no significant heterogeneity among studies
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(P ¼ 0.24, I2 ¼ 29%), the fixed-effect model was used to analyze the
effect of AAT on heart rate. Results of meta-analysis indicated that
there was no statistical difference in heart rate between two groups
[MD ¼ 5.61, 95%CI (�0.77, 11.99), P ¼ 0.08] (Fig. 4). Only one study
found [10] the respiratory rate of experimental group was slightly
higher than that of control group (t ¼ �2.63, P ¼ 0.011), while the
difference of pulse between the two groups was not statistically
significant. Calcaterra [12] showed that there were certain differ-
ences in the time distribution of oxygen saturation and cerebral
oxygenation between groups. At the beginning of the observation
period, the difference of oxygen saturation was the highest among
groups. But in the later observation period, the experimental group
brain oxygenation had the tendency to increase.



Fig. 4. Forest plot of comparison between the experiment group and the control group regarding to heart rate.
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3.3.3. Anxiety
Three studies [21e23] reported anxiety levels of parents and

children. Subgroup analysis was performed according to different
objects. Two studies [22,23] mainly assessed the anxiety level of
parents. Meta-analysis of the random-effect model showed that
there was no statistically significant difference in the anxiety level
between the experimental group and the control group
[MD ¼ �0.10, 95%CI(�0.70, 0.51), P ¼ 0.75]; Two studies [21,24]
assessed the anxiety level of children, and meta-analysis of the
random-effect model showed that there was no statistically sig-
nificant difference in the anxiety level between the two groups
[MD ¼ �0.38, 95%CI(�0.80, 0.05), P ¼ 0.08] (Fig. 5).
3.3.4. Behavioral distress
Only one study [22] reported the degree of behavioral distress

between experimental group and control group. Study of Vagnoli
[22] showed the total degree of behavioral distress in the AATgroup
was lower than that in the control group (MD ¼ 8.87, P ¼ 0.042).
4. Discussion

4.1. Principal findings of this review

This study was based on the 7 study literatures included in the
current meta-analysis, which involved a total of 236 patients. And
the quality evaluation grade of the literature is above medium. The
results of this study showed that AAT could relieve children’s pain,
reduce the degree of behavioral distress to some extent, and change
the respiratory rate, heart rate, diastolic blood pressure, oxygen
saturation and cerebral oxygenation of children, but could not
significantly improve the anxiety level of children and their
parents.
Fig. 5. Forest plot of comparison between the experimen
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4.2. Pain

Studies have shown that 15%e20% of children have experienced
chronic pain, 40% of children undergoing surgery have experienced
moderate or severe pain, and 75% of children’s postoperative pain
has not been effectively controlled [25]. Repeated painful stimuli in
the early stages of life can lead to acute stress, permanent damage
to the central nervous system and emotional disorders [7]. The
results of this study show that AAT can relieve pain in children,
which is similar to previous findings [26]. Analysis of its possible
mechanism of action includes: On the one hand, children can be
distracted by spending time with animals, and distraction is one of
the most effective ways to control and relieve pain [12]; On the
other hand, animals also provide social support for humans. The
spontaneous interaction and pleasure between humans and ani-
mals make both sides feel happy and warm. This harmonious and
joyful atmosphere is needed for treatment. When touching and
hugging animals, it can make children feel warm inside, meet the
need of physical contact, stabilize emotions and reduce the pain of
children [12,15]. Additionally, AAT can regulate the neuroendocrine
reaction of the human body. In this reaction, emotions can promote
the biochemical mediated nerve and immune response, causing the
release of endorphins, producing a feeling of happiness and can
increase its immune response [27,28]. Therefore, AAT has a positive
role in promoting pain relief in children.

4.3. Physiological indicators

Results of this study showed that there were no statistically
significant differences in diastolic blood pressure, respiratory rate,
heart rate or pulse in patients with AAT. However, there was an
overall trend of decrease which may be related to the small sample
size of the included study, suggesting that physiological indicators
can objectively detect the physiological responses of the
t group and the control group regarding to anxiety.
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endocrinological and autonomic nervous systems related to pain,
and AAT may improve the pain of the children to influence their
related physiological indicators [29]. The results of this study need
to be further confirmed by future high quality studies with larger
samples. Studies have shown that animal support activates
emotional areas of the brain, including parts of the limbic system
and prefrontal cortex, which can influence breathing, heart rate and
diastolic blood pressure in children [30]. Other studies
[22,23,31,32] have found that bringing animals into pediatric wards
can increase the participation of hospitalized children and improve
the satisfaction of their parents and medical staff. Furthermore,
nosocomial infection rate did not change.

4.4. Anxiety

Anxiety or distress can heighten the perception of pain. Further,
more anxious children report higher levels of pain [33]. Therefore,
it is important to reduce children’s anxiety. The results of this study
showed that AAT did not significantly reduce the anxiety level of
both in children and their parents. On the one hand, the short
intervention duration couldn’t establish stable effect, thus may not
indicate significantly statistical result; on the other hand, the
baseline level of anxiety in the AAT group was lower than that in
the control group, which may reduce the potential ability to iden-
tify the change of anxiety. Qualitative research results also found
that AAT can reduce the behavioral distress degree of children to a
certain extent, so that children can get comfort and satisfaction,
which is consistent with the research results of Hansen [34]. It may
be that animals attract a portion of children’s attention away from
their own negative environment and toward their interactions with
animals, thereby reducing their behavioral distress.

5. Strengths and limitations

This study is of some advantages, including a comprehensive
search, careful quality assessment and a rigorous quantitative
comprehensive approach. However, this study has limitations.
Firstly, only Chinese and English literatures are included, so there is
the possibility that those published in other languages that meet
the inclusion criteria have not be included. Secondly, due to the
heterogeneity of outcome indicators, including different data for-
mats or study objects, some results may not be quantifiable.
Thirdly, the number of RCTs and CCTs included was small. Thus,
new clinical studies should be included in the future to update the
research conclusions. The above limitations may affect the
demonstration strength of the system evaluation. In order to obtain
more objective conclusions, subsequent studies should pay more
attention to the rigor of the research design while increasing the
sample size, determining the nature of the subjects’ pain, the type
of disease, and the duration of the AAT intervention, so as to
improve the research quality.

6. Conclusions

In conclusion, this systematic review found that AAT could
reduce children’s pain, reduce children’s behavioral distress degree
to a certain extent, and influence their respiratory rate, heart rate,
diastolic blood pressure, oxygen saturation and cerebral oxygena-
tion. As a non-drug interventionmethod, AAT has a certain effect in
alleviating pain in children and is relatively safe, make it practicable
for promotion among children patients. However, the development
and application of Chinese AAT is in its infancy. Due to the lack of
professionals, insufficient research evidence, and the prohibition of
carrying animals in hospitals and other places, AAT has not been
widely promoted in China at present, which needs further
36
exploration by researchers. And relevant medical facilities can also
try to relax the regulations and introduce animals as therapists into
the clinic, so as to verify the application effect of AAT.
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