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A B S T R A C T

Introduction: The multifactorial nature of Autism Spectrum Disorder (ASD) is the reason why complementary
and alternative methods of treatment are sought in order to support the classic approach.

Objectives: The aim of the study was to assess the effectiveness of Equine-Assisted Activities and Therapies
(EAAT) in ASD patients based on a review of the literature.

Methods: A review of the literature and a meta-analysis were conducted in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines. PUBMED, Cochrane Library,
Web of Science, ClinicalTrials.gov and PEDro databases were searched until July 20, 2017. Only articles pub-
lished in English, in a journal with a review process, after 1999, with a control group or presentation of com-
parative pre-/post-therapy results in ASD patients, and clear inclusion/exclusion criteria were considered. The
methodological quality of the included studies was assessed using the Quality Assessment Tool for Quantitative
Studies (QATQS).The meta-analysis of three studies was conducted.

Results: A total of 15 studies with 390 participants (aged: 3–16 years) were included. The interaction between
psychosocial functioning and EAAT was investigated in most studies. Improvement was reported in the following
domains: socialization, engagement, maladaptive behaviors, and shorter reaction time in problem-solving si-
tuations after EAAT. The meta-analysis revealed no statistically significant differences for the investigated ef-
fects.

Conclusions: Despite the need for further, more standardized research, the results of the studies included in
this review allow us to conclude that EAAT may be a useful form of therapy in children with ASD.

1. Introduction

Modern medicine, with its continuous progress and breakthroughs,
allows for the development of targeted therapies aiming at the patho-
mechanisms of various diseases, often based on the identification of
individual therapeutic targets. Despite numerous medical advance-
ments, the origins and causes of some diseases remain unknown and
continue to pose a challenge to contemporary medicine. Autism
Spectrum Disorder (ASD) is an example of a disease of unknown
etiology and the number of the affected individuals is steadily in-
creasing. In the US alone, ASD is diagnosed in as many as 16.8/1000
children aged 8 years, which significantly exceeded earlier predictions
and makes it a public healthcare problem.1

ASD is characterized by dysfunctional behaviors, communication
and social-interaction difficulties. The affected individuals typically
present stereotyped behaviors and struggle with establishing contact,

verbal and non-verbal communications, creating and understanding
interpersonal relations.2–4 The etiology of ASD remains to be fully
elucidated and the observational method is the only diagnostic tool
available.5 A relationship between ASD and gastrointestinal symptoms,
gut microbiota, nerve conduction, sleep, immune and mitochondrial
disorders has been demonstrated.3,6 The multifactorial nature of ASD is
the reasons why a variety of therapies, including educational, beha-
vioral and pharmacotherapy, have been implemented. Despite ex-
tensive search, we lack consensus on the effective management and
pharmacotherapy of ASD. The available therapeutic methods are not
sufficient even in terms of symptomatic treatment.1 Parents of children
with ASD frequently seek complementary and alternative methods of
treatment,7 e.g. equine-assisted activities and therapies (EAAT), to
support the classic approach.As the number of individuals undergoing
EAAT increases annually, it seems prudent to evaluate the effectiveness
of EAAT for ASD treatment.
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EAAT incorporates hippotherapy (HPOT), i.e. an integrated ther-
apeutic program, and therapeutic riding (TR), which originated from
recreational activities. Both types of therapy use the contact with a
horse and equine movement, which provides rhythmic movement to
the patient’s body. EAAT affects the entire body, regulating blood
pressure and muscle tone, and leading to improved balance.8,9

The literature offers numerous reports about the effectiveness of
EAAT for the improvement of the physical functions of the body, al-
though they mostly concern patients with cerebral palsy (CP).10–13 Still,
the popularity of EAAT is growing and the number of publications rises
accordingly.

The aim of the study was to conduct a systematic review of the
literature and a meta-analysis of the published trials with comparison
groups about the effectiveness of EAAT among ASD patients.

2. Methods

A review of the literature and a meta-analysis were conducted in
accordance with the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines.14 The procedures (search
strategy, inclusion/exclusion criteria, and data extraction) were estab-
lished and included in the protocol. An approval of an Ethics Committee
is not required in such studies.

3. Search strategy

The following online data bases were searched: PUBMED, Cochrane
Library, Web of Science, ClinicalTrials.gov and PEDro. An algorithm
with key words (Autism AND Hippotherapy OR Equine-Assisted Therapy)
was used to find suitable publications. Two of the authors (TT and EZ)
conducted their independent searches between January 1, 2000 and
July 20, 2017. Additionally, the reference sections of the included ar-
ticles were manually inspected to identify unique records. Only articles
published in English were taken into consideration.

4. Inclusion/exclusion criteria

The inclusion criteria for the reports were as follows: (a) published
in English in a journal with a review process, after 1999, (b) research
study with a control group or presentation of comparative pre- and
post-therapy results in ASD patients, (c) clearly defined inclusion and
exclusion criteria for the study groups and controls, (d) only EAAT was
used in the study group as compared to controls.

The following articles were excluded: (a) study populations in-
cluding other patients than with ASD, (b) use of a horseback riding
stimulator instead of live horses, (c) use of additional therapies, or
surgical interventions, in the study group as compared to controls.

5. Quality assessment

All studies included in the qualitative synthesis were evaluated
using the Quality Assessment Tool for Quantitative Studies (QATQS),15

which allows to determine their methodological quality. QATQS as-
sesses 8 sections: selection bias, study design, confounders, blinding,
data collection methods, withdrawals and dropouts, intervention in-
tegrity, analysis. Each section may be classified as ‘weak’, ‘moderate’ or
‘strong’, according to a reviewer’s dictionary. If one section is evaluated
as ‘weak’, the entire study is deemed ‘moderate’, if more than one
section is ‘weak’, the study is automatically ‘weak’, and if neither sec-
tion is ‘weak’, the study is evaluated as ‘strong’. The assessments were
performed independently by two authors (TT and BP). If agreement on
the quality assessment could not be reached by two authors, the third
author was consulted (EZ).

6. Data extraction and analysis

The following data were extracted from each study: first author,
year of publication, study population characteristics, study design, in-
clusion/exclusion criteria, intervention characteristics, assessment of
the outcome, and results.

The meta – analysis was performed on the summary results of the
Vineland Adaptive Behavior Scales (VABS)16and their results in Social
subscale and Communication subscale in the form of standardized mean
differences (SMDs). Three studies,17–19 which used that tool to evaluate
the effects of the therapy and presented the results in a way which
facilitated a comparison were analyzed. A standard χ2 test was used to
test the heterogeneity between trial results. The I2 parameter was used
to measure inconsistency between the results. For the χ2 statistic, the p-
value of< 0.10 was considered to indicate significant heterogeneity.
The I2 statistic value of ≥50% was considered to indicate significant
heterogeneity. If significant heterogeneity existed between the studies,
a random-effects model of analysis was used. Otherwise, a fixed-effects
model was used. Publication bias was assessed visually by funnel plots
and statistically by Egger’s test.

7. Results

The search results and the flow diagram of the study selection are
summarized in Fig. 1. A total of 15 studies were included. More than
one test to assess the effects of HPOT was used in most (10 out of 15)
studies. Domains associated with psychosocial functioning (socializa-
tion, communication, engagement, stereotypical behaviors) were eval-
uated in 14 studies,18–2817,29,30 cortisol levels in saliva - 1,31execution
of daily activities - 5,18,19,26,28,17 gait parameters - 1,20 and motor
functions - 6.15–1723,25,26 Using QATQS, 6 studies were deemed to be
‘strong’, 6 – ‘moderate’ and 3 – ‘weak’. Detailed results are presented in
Table 1. Data collection methods section and blinding section were
awarded the highest and the lowest number of points, respectively. The
results for individual sections are presented in Fig. 2.

8. Patient characteristics and study design

A total of 390 participants (aged: 3–16 years, mean: 5.14–10.2
years) from 15 articles were included in the study. The subjects were
predominantly male (308 (79%) – males, 72 (21%) – females). All
participants were diagnosed with ASD. In 7 studies18,19,25,26,28,17,30

they had to meet the DSM IV – TR (Diagnostic and Statistical Manual of
Mental Disorders 4th edition, text revision) criteria,32 whereas in the
remaining studies the criteria for ASD diagnosis were either not pre-
sented,20,22–2427,29,31 or ICD-10 criteria for ASD were used.21 Patient
characteristics for individual study groups are presented in Table 2.

TR was the intervention of choice in the clear majority of the stu-
dies,18–2527,28,17,29–31 and HPOT was used in only one study.26 The
number of individual therapeutic sessions and their duration varied
between the studies, with 30min. for the shortest,20,30 and 180min. for
the longest18 session. Duration of the session was not disclosed in 1
study.31 Detailed characteristics of the studies are presented in Table 3.

9. Results of the therapeutic interventions

The interaction between psychosocial functioning and EAAT was
investigated in most studies included in our analysis. Borgi et al19 who
used TR in ASD patients, reported improved socialization scores of the
VABS as compared to controls who did not attend TR (change between
baseline and final scores, mean ± SD, EAT: 0.72 ± 0.22, controls:
0.23 ± 0.21, ANOVA Time x Group interaction F(1,18)= 5.30,
p=0.034, Tukey test p < 0.01), and shorter reaction time in problem-
solving situations (change between baseline and final scores using the
Tower of London (TOL) test, mean ± SD, EAT: -20,7 ± 6,6, controls:
-6.46 ± 5.2, ANOVA Time x Group interaction, F(1,19)= 5.85,
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p=0.026; Tukey test p < 0.01).
Anderson et al18 reported a markedly decreased maladaptive be-

havior traits of the VABS maladaptive behavior score after using EAA
(Equine Assisted Activities) (F(1,11)= 5.65, = 5.6533,34

(F(1,11)= 5.19, p=0.04). However, the results of other EQ/SQ parts
and of the VABS correlated with EAA did not show statistical sig-
nificance. Gabriels et al28who used the Autism Behavior Checklist
(ABC-C),35 found significantly reduced Hyperactivity (effect size=

0.50, p= 0.02) and Irritability (effect size 0.53, p= 0.01) in the TR
intervention group and improved Social Cognition and Communication
subscales with SRS (Social Response Scale)36 as compared to the Barn
Activities (BA) control group. The BA control group was instructed
about horseback riding and caring for horses but had not contact with
horses. Instead, a life-sized stuffed horse was used. In another study,
Gabriels et al17 demonstrated a statistically significant improvement
between the TR group and controls in the following ABC-C subscales:

Fig. 1. Study flow diagram.
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Irritability (p= 0.004), Lethargy (p= 0.007), Stereotypic Behavior
(p=0.02), and Hyperactivity (p=0.008). Bass et al30 found a statis-
tically significantly improved SRS results (baseline vs. final) in the TR
group (r(10)= 2.87, p=0.017, d= 0.66) as compared to controls (t
(10)= 0.108, p= 0.916, d=0.02). Similar results were observed after
comparing the Sensory Profile 37results in both groups – a significant
improvement was noted in the TR group and only a slight improvement
in controls (t(18)= -7.29, p < 0.01, d=-0.059 and t(13)= -1.77,
p=0.101, respectively). Garcia-Gomez et al24 used the BASC -T38

questionnaire and found lower levels of aggressiveness, from 4.6 to 3.3
(p=0.039, d=0.220). Ward et al25 used the GARS-2 (Gilliam Autism

Rating Scale: Second Edition) test39,40, and noted an improvement in
the TR group with regard to social interactions (F(5.60)= 4.61,
p < 0.05 and individual items of the SPSC (Sensory Profile School
Companion)41; Registration and Sensitivity subscales, respectively F
(5,100)= 2.29, p < 0.05 and F(5.100)= 2.99,p < 0.05, School
Factor Scores F 20.322.6)= 1.89, p < 0.05 and Section Scores F
(925.358.1)= 2.05, p < 0.05. These authors observed a significant
improvement after 6 weeks of therapy as compared to baseline, and a
marked deterioration (back to baseline values) during a 6-week break,
followed by another improvement after another 6 weeks of therapy.

Ajzenman et al26 proved that a 12-week HPOT intervention im-
proves the following areas: postural control, participation in daily ac-
tivities, and adaptive behaviors. Means of all pre- and post-HPOT VABS-
II items42 were 64.00 (± 15.30,) and 70.67 (± 18.50, d= 0.393
p=0.027), respectively. As far as postural control was concerned, the
improved areas were as follows: movement variability of sway area for
COP (center of pressure) (change: 12%, p= 0.028, d= 0.1999), COM
(center of mass) velocity, both, AP (anterior – posterior) axis and ML
(medial – lateral) axis (changes: 102%, p=0.046, d=1.316 and 20%,
p=0.046, d= 0.845, respectively).

Llambias et al29 investigated engagement in meaningful activities
among children with ASD undergoing equine-assisted therapy (EAT).
The authors coded the child’s response to requests and instructions of a
therapist as ‘engaged’ or ‘not engaged’ for all of the evaluated beha-
viors. The percentage of time engaged during all segments was the
outcome measure. The therapy significantly improved engagement in
all subjects undergoing EAT(from 51.8%–77.8% at baseline to
95.5%–99.3% post-therapy).

Tabares et al31 measured progesterone and cortisol levels in salivary
samples from 8 boys undergoing HPOT and found the cortisol levels to
steadily decrease (from 2.79 ± 0.52 ng/mL at baseline to
2.23 ± 0.75 ng/mL after all sessions), and progesterone levels to in-
crease (from 21.58 ± 12.0 pg/mL at baseline to 26.03 ± 11.98 pg/mL
after all sessions (p≤ 0.05)). The authors explained that the elevated
level of cortisol after the first session was the result of stress caused by a
change in the daily routine, which is not well-tolerated by autistic
children.

Steiner and Kertesz,20 analyzed changes in gait cycle parameters in
children with autism and found improved length of the gait cycle in the
TR group and no improvement in the control group. A slight im-
provement of the gait cycle on the left side was accompanied by a slight
weakening on the right side, resulting in increased asymmetry.

Kern et al22 observed an overall improvement in behaviors typical
for autism during TR. They used the Childhood Autism Rating Score
(CARS)43,44 to determine the intensity of the change and found lower
CARS values after 3 (t(21)= 2.73, p < 0.02) and 6 (t(16)= 3.33,
p < 0.005) months of therapy. No changes in the results were noted
when two other tools were applied: the Timberlawn Parent – Child
Interaction Scale45,46 and the Sensory Profile.

Lanning et al27 noted an improved quality of life (QoL) evaluated
with the use of two instruments: the Pediatric Quality of Life 4.0 (PedsQL
4.0)generic core scales47 and Child Health Questionnaire (CHQ)48 in
autistic children undergoing EAA. Improved CHO scores for QoL were
observed both, in the EAA group and controls (the latter were involved in
social circles, which allowed for the children to take part in educational
activities facilitated by students of psychology). The highest improve-
ment for the controls and the EAA group was observed in the domains of
self-esteem (M1=56.25 ± 18.77, M9=67.71,±21.56) and general
behavior (M1=52.08,±19.37; M9=67.50,±12.70), respectively.
An increase in the psychosocial CHQ summary scores was reported for
the control group (M1=34.80,± ;M9=39.58,±7.39), while higher
physical and psychosocial summary scores were observed in the EAA
group (respectively, M1=40.80,±13.43;M9=44.51 ± 16.72 and
M1=37.22,±15.23;M9=39.08,±14.54). PedsQL scores of QoL
were higher in the EAA group but a comparison of differences in QoL
improvement in both groups, evaluated with PedsQL and CHQ, did not

Table 1
Evaluation of the methodological quality of each study using QATQS.

Fig. 2. Evaluation of the individual items within the quality sections presented
as percentages across all included studies.
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reveal any statistical significance (p≤0.05).
Memishevikj and Hodzhikj21 measured the effects of EAT using the

Autism Treatment Evaluation Checklist (ATEC).49 ATEC scores in in-
dividual subscales were improved as compared to baseline (respec-
tively, 0–25% for the speech/language/communication domains,
3–30% for sociability, 0–35% for sensory/cognitive awareness, and
0–11% for health/physical/behavior), although not in all subjects.
Regardless, the summary scores were improved after therapy in all
cases (by 1–25%).

Only Jenkins et al23 found no evidence for statistically significant
beneficial impact of TR on the affect, linguistic competence, sponta-
neous initiations, or problem behavior of autistic children. Given the
results of their study, these authors believe that TR should be treated as
a leisure activity rather than therapy. However, we are of the opinion
that their study, being only a single report, should not belittle the sig-
nificance of the evidence on the beneficial effects of EAAT.

10. VABS meta –results of the analysis

The meta-analysis revealed no statistical significance for the in-
vestigated effects, either for the VABS summary scores or the
Socialization and Communication subscales (Tables 4–6). Egger's Test
showed no publication bias for any of the cases.

11. Discussion

In our study, a systematic review of the studies with comparison
groups which evaluated the effectiveness of EAAT in ASD therapy was
conducted. The meta-analysis proved to be a challenge due to sig-
nificant differences between research tools and result presentation in all
of the analyzed texts. Most publications on the effectiveness of EAAT
concern children with cerebral palsy, the most common neurodeve-
lopmental disorder in that age group.50–52In comparison, the number of
studies on ASD is relatively small. ASD is less common, although the
number of cases continues to rise, especially in the developed countries,
and constitutes a challenge for the parents, caregivers, and health care
system.53,54 Publications on EAAT effectiveness in ASD individuals
focus on the behavioral aspects and interaction with the environment,
as the impaired areas associated with social functioning, communica-
tion, response to stimuli, and engagement constitute the primary di-
agnostic criteria.55–57Aggressive behavior is another typical feature of
ASD and may affect as much as 68% of the ASD population.58 Garcia-
Gomez et al24 reported lower levels of aggressiveness after TR, which is
consistent with the findings of Nurenberg et al59 who investigated
chronic psychiatric inpatients with violent behavior undergoing Equine
Assisted Psychotherapy or Animal Assisted Therapy. In another study
among children with Attention –Deficit Hyperactivity Disorder
(ADHD), Garcia-Gomez et al60 observed a notable improvement in ag-
gressive behavior variables after using EAT. The results of both
abovementioned studies59,60 indicate that EAAT has a beneficial effect
and reduces aggressiveness, which is consistent with the findings of
Garcia-Gomez et al24

Ajzenman et al26 reported improved stability and postural para-
meters in ASD children after EAT. Other authors presented similar
findings,61–64 although the studies were conducted among children
with CP, and reported improved muscle symmetry,61,62 stability of the
head and the trunk,63 motor function, and stability.64Zadnikar and
Kastrin,13 based on their analysis of 10 studies, confirmed improved
stability and posture control in children with CP, whereas Vermohlen
et al65 reported improved balance, spasticity, and quality of life in 70
patients with Multiple Sclerosis undergoing HPOT. Other authors, who
investigated children and adolescents with posture and motor impair-
ment, did not find statistically significant improvements regarding
these parameters after hippotherapy.66

Improved social functioning (interaction, engagement, commu-
nication) was reported in 10 studies presented in ourTa
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analysis18,19,21,25–2817,29,30. Wilson et al67 in their qualitative study,
found that HPOT contributed to higher confidence, self-esteem, self-
control, coping skills, and a decrease in undesirable behaviors in
healthy adolescents. Their findings are supported by a study of Hession
et al68 who investigated the effects of TR on the mood, cognitive
competence and gait parameters in children with dyspraxia. These
authors emphasized not only the beneficial effects of a physical motion
of riding a horse, but also the potential value of audiovisual stimulation
during equine-assisted therapy. Beat-based rhythms which are experi-
enced while horseback riding may stimulate the areas of the brain re-
sponsible for memory, perception of emotions, motor control, and
learning.68–70 Notably, Hwang Jang et al71 conducted an analysis on the
effects of hippotherapy on dexterity and psychosocial functioning of
children with CP but found no significant improvements in psychosocial
functioning.

The meta-analysis of 3 out of 15 studies, where the same tool – the
VABS scale – was used to measure the effects of therapy, was con-
ducted. Despite the lack of statistically significant effects of EAAT, it is
important to bear in mind that the analysis was conducted in only 3
publications and 61 participants, which is proof of an insufficient
number of studies on the matter rather than lack of EAAT effectiveness.

Beneficial effects of EAAT have been reported by most authors
whose studies were discussed in the review and included better social
functioning, reduced aggressiveness, and improved stability of the
trunk. Regardless, data presentation, not to mention analysis, synthesis
and generalization, present a considerable challenge due to lack of a
standardized approach to the subject. No consensus on the effectiveness
of the therapy, a great variety of the tools and scales used by the re-
searches and, most of all, of the investigated factors deem most of the
results valuable but not easily measurable and comparable.
Furthermore, there is a distinct lack of studies on EAAT which meet the

quality requirements.72 The available publications frequently display
methodology lapses, mostly stemming from small sample size, lack of
comparison group, and blinding. The use of different EAAT therapeutic
protocols, and especially different methods of measuring their effec-
tiveness, constitute yet another problem, which often lowers the quality
of a study. Despite all of the abovementioned areas for improvement,
the analysis left us in no doubt about the benefits of EAAT for ASD
patients, chief among them social functioning. Even lack of compre-
hensive analysis is not able to obscure the evidence of great value and
effectiveness of EAAT. Our attempt to analyze the findings of the
available literature reports might encourage other researchers to con-
duct studies with a larger sample size, more standardized methods of
therapy and outcome measurements, which in turn will allow for a
comprehensive and objective evaluation of clinical usefulness of EAAT.

12. Conclusions

The overwhelming majority of the available reports demonstrated
high effectiveness of EAAT, especially with regard to improved social
functioning. Also, EAAT has been proven to significantly reduce ag-
gressive behaviors and improve trunk stability. Nevertheless, it is im-
possible to draw universal conclusions due to the considerable dis-
crepancies in therapeutic protocols and measurement instruments of
the abovementioned studies. Further, longitudinal trials, with standar-
dized EAAT protocols and representative large sample groups are ne-
cessary. Also, it is crucial to establish homogeneous tools to measure
therapeutic progress and outcomes, especially with regard to social
functioning.In consequence, a more precise assessment of the effec-
tiveness of EAAT among ASD patients will be possible. Despite the need
for further research, the results of the studies included in this review
allow us to conclude that EAAT may be a useful form of therapy in

Table 4
Data and Forest plot displaying VABS Total Score meta-analysis results.

Study HPOT Control Standardized mean difference, random, 95% CI Standardized mean difference, random, 95% CI

Mean SD N Mean SD N

Anderson
2016

214,86 121,63 15 210,13 124,32 15 0,038 −0,677 0,754

Borgi
2015

298,67 18,5 6 274,17 15,3 6 1,443 0,147 2,740

Gabriels
2012

458,8 24 40 434,6 24,1 40 0,985 0,521 1,450

Total 61 61 0,742 −0,010 1,494
Heterogeneity chi2= 5.87, df= 2, p=0.053
I2=66.0%
z=1.93 p=0.053

Table 5
Data and Forest plot displaying VABS communication score meta-analysis results.

Study HPOT Control Standardized mean difference, fixed, 95% CI Standardized mean difference, fixed, 95% CI

Mean SD N Mean SD N

Anderson
2016

44,6 30,39 15 44,2 31,19 15 0,013 −0,703 0,729

Borgi
2015

74 19,52 6 65 18,54 6 0,473 −0,678 1,623

Gabriels
2012

149 24,8 40 143,6 24,9 40 0,217 −0,222 0,657

Total 61 61 0,191 −0,165 0,547
Heterogeneity chi2= 0,48, df= 2, p=0.786
I2=0,0%
z=105 p=0.293
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children with ASD.

13. Study limitations

The two main limitations of our review are as follows: a relatively
small sample size, which increases the risk of a calculation error, and
differences in research methodology, which greatly hinders the com-
parison of the results.

Conflicts of interest

The authors declare that they have no conflicts of interest.

References

1. Marchezan J, Winkler Dos Santos EGA, Deckmann I, Riesgo RDS. Immunological
dysfunction in autism spectrum disorder: a potential target for therapy.
Neuroimmunomodulation. 2018:1–20. https://doi.org/10.1159/000492225.

2. Rossignol DA, Frye RE. A review of research trends in physiological abnormalities in
autism spectrum disorders: immune dysregulation, inflammation, oxidative stress,
mitochondrial dysfunction and environmental toxicant exposures. Mol Psychiatry.
2012;17(4):389–401.

3. Frye RE, Rossignol DA. Identification and treatment of pathophysiological co-
morbidities of autism Spectrum disorder to achieve optimal outcomes. Clinical
medicine insights. Pediatrics. 2016;10:43–56.

4. Saghazadeh A, Ahangari N, Hendi K, Saleh F, Rezaei N. Status of essential elements in
autism spectrum disorder: systematic review and meta-analysis. Rev Neurosci.
2017;28(7):783–809.

5. Murphy CM, Wilson CE, Robertson DM, et al. Autism spectrum disorder in adults:
diagnosis, management, and health services development. Neuropsychiatr Dis Treat.
2016;12:1669–1686.

6. Shaaban SY, El Gendy YG, Mehanna NS, et al. The role of probiotics in children with
autism spectrum disorder: a prospective, open-label study. Nutr Neurosci. 2017:1–6.

7. Volkmar F, Siegel M, Woodbury-Smith M, King B, McCracken J, State M. Practice
parameter for the assessment and treatment of children and adolescents with autism
spectrum disorder. J Am Acad Child Adolesc Psychiatry. 2014;53(2):237–257.

8. Stergiou A, Tzoufi M, Ntzani E, Varvarousis D, Beris A, Ploumis A. Therapeutic effects
of horseback riding interventions: a systematic review and meta-analysis. Am J Phys
Med Rehabil. 2017.

9. Lee J, Yun C-K. Effects of hippotherapy on the thickness of deep abdominal muscles
and activity of daily living in children with intellectual disabilities. J Phys Ther Sci.
2017;29(4):779–782.

10. Rigby BR, Grandjean PW. The efficacy of equine-assisted activities and therapies on
improving physical function. J Altern Complement Med. 2016;22(1):9–24.

11. Tseng S-H, Chen H-C, Tam K-W. Systematic review and meta-analysis of the effect of
equine assisted activities and therapies on gross motor outcome in children with
cerebral palsy. Disabil Rehabil. 2013;35(2):89–99.

12. Whalen CN, Case-Smith J. Therapeutic effects of horseback riding therapy on gross
motor function in children with cerebral palsy: a systematic review. Phys Occup Ther
Pediatr. 2012;32(3):229–242.

13. Zadnikar M, Kastrin A. Effects of hippotherapy and therapeutic horseback riding on
postural control or balance in children with cerebral palsy: a meta-analysis. Dev Med
Child Neurol. 2011;53(8):684–691.

14. Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting items for systematic
reviews and meta-analyses: the PRISMA statement. PLoS Med. 2009;6(7):e1000097.

15. National Collaborating Centre for Methods and Tools. Quality assessment tool for
quantitative studies. Hamilton, ON: McMaster University; 2008 Updated 03 October,

2017.
16. Sparrow S, Balla D, Cicchetti D. The Vineland adaptive behavior scales: Interview edition,

survey form manual. Circle Pines, Minnesota: American Guidance Service; 1984.
17. Gabriels RL, Agnew JA, Holt KD, et al. Pilot study measuring the effects of ther-

apeutic horseback riding on school-age children and adolescents with autism spec-
trum disorders. Res Autism Spectr Disord. 2012;6(2):578–588.

18. Anderson S, Meints K. Brief report: the effects of equine-assisted activities on the
social functioning in children and adolescents with autism spectrum disorder. J
Autism Dev Disord. 2016;46(10):3344–3352.

19. Borgi M, Loliva D, Cerino S, et al. Effectiveness of a standardized equine-assisted
therapy program for children with autism spectrum disorder. J Autism Dev Disord.
2016;46(1):1–9.

20. Steiner H, Kertesz Z. Effects of therapeutic horse riding on gait cycle parameters and
some aspects of behavior of children with autism. Acta Physiol Hung.
2015;102(3):324–335.

21. Haris Memishevikj SH. The effects of equine-assisted therapy in improving the psy-
chosocial functioning of children with autism. J Spec Educ Rehabil.
2010;11(3):57–67.

22. Kern JK, Fletcher CL, Garver CR, et al. Prospective trial of equine-assisted activities
in autism spectrum disorder. Altern Ther Health Med. 2011;17(3):14–20.

23. Jenkins SR, DiGennaro Reed FD. An experimental analysis of the effects of ther-
apeutic horseback riding on the behavior of children with autism. Res Autism Spectr
Disord. 2013;7(6):721–740.

24. García-Gómez A, López Risco M, Rubio JC, Guerrero E, García-Peña IM. Effects of a
program of adapted therapeutic horse-riding in a group of autism Spectrum disorder
children. EJREP. 2017;12(32).

25. Ward SC, Whalon K, Rusnak K, Wendell K, Paschall N. The association between
therapeutic horseback riding and the social communication and sensory reactions of
children with autism. J Autism Dev Disord. 2013;43(9):2190–2198.

26. Ajzenman HF, Standeven JW, Shurtleff TL. Effect of hippotherapy on motor control,
adaptive behaviors, and participation in children with autism spectrum disorder: a
pilot study. Am J Occup Ther. 2013;67(6):653–663.

27. Lanning BA, Baier MEM, Ivey-Hatz J, Krenek N, Tubbs JD. Effects of equine assisted
activities on autism spectrum disorder. J Autism Dev Disord. 2014;44(8):1897–1907.

28. Gabriels RL, Pan Z, Dechant B, Agnew JA, Brim N, Mesibov G. Randomized con-
trolled trial of therapeutic horseback riding in children and adolescents with autism
spectrum disorder. J Am Acad Child Adolesc Psychiatry. 2015;54(7):541–549.

29. Llambias C, Magill-Evans J, Smith V, Warren S. Equine-assisted occupational
therapy: increasing engagement for children with autism Spectrum disorder. Am J
Occup Ther. 2016;70(6) 7006220040p1–7006220040p9.

30. Bass MM, Duchowny CA, Llabre MM. The effect of therapeutic horseback riding on
social functioning in children with autism. J Autism Dev Disord.
2009;39(9):1261–1267.

31. Tabares C, Vicente F, Sánchez S, Aparicio A, Alejo S, Cubero J. Quantification of
hormonal changes by effects of hippotherapy in the autistic population. Neurochem J.
2012;6(4):311–316.

32. American Psychiatric Association. Diagnostic and statistical manual of mental disorders.
4th ed. Washington, DC: American Psychiatric Association; 2000 text revision.

33. Auyeung B, Wheelwright S, Allison C, Atkinson M, Samarawickrema N, Baron-Cohen
S. The children’s empathy quotient and systemizing quotient: sex differences in ty-
pical development and in autism spectrum conditions. J Autism Dev Disord.
2009;39(11):1509–1521.

34. Tavassoli T, Miller LJ, Schoen SA, Jo Brout J, Sullivan J, Baron-Cohen S. Sensory
reactivity, empathizing and systemizing in autism spectrum conditions and sensory
processing disorder. Dev Cogn Neurosci. 2018;29:72–77.

35. Krug D, Arick J, Almond P. Autism behavior checklist – ABC. Austin, Texas: PRO-ED;
1993.

36. Bruni TP. Test review. Social responsiveness scale–Second edition (SRS-2).
Constantino J. N. GruberC. P. (2012). Social Responsiveness Scale–Second Edition
(SRS-2). Torrance, CA: Western Psychological Services. J Psychoeduc Assess.
2013;32(4):365–369.

37. Dunn W. The sensory profile: Examiner’s manual. San Antonio, Texas: Psychological

Table 6
Data and Forest plot displaying VABS Social Score meta-analysis results.

Study HPOT Control Standardized mean difference, fixed, 95% CI Standardized mean difference, fixed, 95% CI

Mean SD N Mean SD N

Anderson
2016

45,07 22,48 15 45,27 23,21 15 −0,009 −0,724 0,707

Borgi
2015

68,17 21,52 6 61 17,62 6 0,364 −0,779 1,507

Gabriels
2012

113,2 24,4 40 104,9 29,9 40 0,289 −0,151 0,730

Total 61 61 0,220 −0,130 0,580
Heterogeneity chi2= 0,55, df= 2, p=0.760
I2=0,0%
z=1.22 p=0.221

T. Trzmiel et al. Complementary Therapies in Medicine 42 (2019) 104–113

112

https://doi.org/10.1159/000492225
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0010
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0010
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0010
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0010
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0015
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0015
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0015
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0020
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0020
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0020
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0025
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0025
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0025
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0030
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0030
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0035
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0035
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0035
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0040
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0040
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0040
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0045
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0045
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0045
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0050
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0050
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0055
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0055
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0055
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0060
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0060
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0060
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0065
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0065
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0065
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0070
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0070
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0075
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0075
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0075
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0080
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0080
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0085
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0085
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0085
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0090
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0090
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0090
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0095
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0095
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0095
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0100
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0100
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0100
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0105
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0105
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0105
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0110
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0110
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0115
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0115
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0115
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0120
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0120
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0120
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0125
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0125
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0125
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0130
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0130
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0130
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0135
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0135
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0140
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0140
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0140
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0145
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0145
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0145
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0150
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0150
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0150
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0155
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0155
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0155
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0160
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0160
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0165
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0165
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0165
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0165
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0170
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0170
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0170
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0175
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0175
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0180
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0180
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0180
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0180
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0185


Corporation; 1999.
38. Reynolds CR, Kamphaus RW. BASC: Behavior assessment system for children. Circle

Pines, Minnesota: American Guidance Service; 1992.
39. Montgomery JM, Newton B, Smith C. Test review. Gilliam, J. (2006). GARS-2:

Gilliam Autism Rating Scale—Second Edition. Austin, TX: PRO-ED. J Psychoeduc
Assess. 2008;26(4):395–401.

40. South M, Williams BJ, McMahon WM, et al. Utility of the Gilliam autism rating scale
in research and clinical populations. J Autism Dev Disord. 2002;32(6):593–599.

41. Dunn W. Sensory profile, school companion: User’s manual. San Antonio, Texas:
Pearson Psych Corp.; 2006.

42. Sparrow SS, Cicchetti DV, Balla DA. Vineland adaptive behavior scales. 2nd ed. Circle
Pines, Minnesota: American Guidance Service; 2005.

43. Schopler E, Reichler RJ, DeVellis RF, Daly K. Toward objective classification of
childhood autism: Childhood Autism Rating Scale (CARS). J Autism Dev Disord.
1980;10(1):91–103.

44. Schopler E, Reichler RJ, Renner BR. The childhood autism rating scale. Los Angeles,
California: California Western Psychological Services; 1994.

45. Lewis JM. The birth of a family. New York, New York: Brunner/Mazel; 1989.
46. Lewis JM. How’s your famiiy? A guide to identifying your family’s strengths and weak-

nesses. New York, New York: Brunner/Mazel; 1979.
47. Varni JW, Seid M, Kurtin PS. PedsQL 4.0: reliability and validity of the pediatric

quality of life inventory version 4.0 generic core scales in healthy and patient po-
pulations. Med Care. 2001;39(8):800–812.

48. Langraf JM, Ware JE. The CHQ user’s manual. Boston: HealthActCHQ Inc.; 1999.
49. Rimland B ES. Autism Treatment Evaluation Checklist (ATEC). http://www.autism.

com/ari/atec/ateconline.htm. Updated 2016. (Accessed 8 May 2018).
50. Stavsky M, Mor O, Mastrolia SA, Greenbaum S, Than NG, Erez O. Cerebral palsy-

trends in epidemiology and recent development in prenatal mechanisms of disease,
treatment, and prevention. Front Pediatr. 2017;5:21.

51. Tseng S-H, Lee J-Y, Chou Y-L, Sheu M-L, Lee Y-W. Association between socio-
economic status and cerebral palsy. PLoS One. 2018;13(1):e0191724.

52. McIntyre S. The continually changing epidemiology of cerebral palsy. Acta Paediatr
(Oslo, Norway: 1992). 2018;107(3):374–375.

53. Christensen DL, Baio J, van Naarden Braun K, et al. Prevalence and characteristics of
autism spectrum disorder among children aged 8 years–autism and developmental
disabilities monitoring network, 11 sites, United States, 2012. Morb Mortal Wkly Rep.
2016;65(3):1–23 Surveillance summaries (Washington, D.C.: 2002).

54. Lyall K, Croen L, Daniels J, et al. The changing epidemiology of autism spectrum
disorders. Annu Rev Public Health. 2017;38:81–102.

55. Zwaigenbaum L, Penner M. Autism spectrum disorder: advances in diagnosis and
evaluation. BMJ. 2018;361:k1674 Clinical research ed.

56. Crehan ET, Baer J, Althoff RR, Constantino JN. Tracking the influence of autistic
traits on competencies among school aged children with subthreshold autistic traits:
a longitudinal study. Child Psychiatry Hum Dev. 2018 Epub 2018 May 11.

57. Sharma SR, Gonda X, Tarazi FI. Autism spectrum disorder: classification, diagnosis
and therapy. Pharmacol Ther. 2018 Epub 2018 May 12.

58. Lai M-C, Lombardo MV, Baron-Cohen S. Autism. Lancet. 2014;383(9920):896–910.
59. Nurenberg JR, Schleifer SJ, Shaffer TM, et al. Animal-assisted therapy with chronic

psychiatric inpatients: equine-assisted psychotherapy and aggressive behavior.
Psychiatr Serv. 2015;66(1):80–86.

60. García-Gómez A, Rodríguez-Jiménez M, Guerrero-Barona E, Rubio-Jiménez JC,
García-Peña I, Moreno-Manso JM. Benefits of an experimental program of equestrian
therapy for children with ADHD. Res Dev Disabil. 2016;59:176–185.

61. Benda W, McGibbon NH, Grant KL. Improvements in muscle symmetry in children
with cerebral palsy after equine-assisted therapy (hippotherapy). J Altern Complement
Med. 2003;9(6):817–825.

62. McGibbon NH, Benda W, Duncan BR, Silkwood-Sherer D. Immediate and long-term
effects of hippotherapy on symmetry of adductor muscle activity and functional
ability in children with spastic cerebral palsy. Arch Phys Med Rehabil.
2009;90(6):966–974.

63. Shurtleff TL, Standeven JW, Engsberg JR. Changes in dynamic trunk/head stability
and functional reach after hippotherapy. Arch Phys Med Rehabil.
2009;90(7):1185–1195.

64. McGibbon NH, Andrade CK, Widener G, Cintas HL. Effect of an equine-movement
therapy program on gait, energy expenditure, and motor function in children with
spastic cerebral palsy: a pilot study. Dev Med Child Neurol. 1998;40(11):754–762.

65. Vermöhlen V, Schiller P, Schickendantz S, et al. Hippotherapy for patients with
multiple sclerosis: a multicenter randomized controlled trial (MS-HIPPO). Mult Scler.
2018;24(September (10)):1375–1382.

66. Schwesig R, Neumann S, Richter D, et al. Der Einfluss des Therapeutischen Reitens
auf den Gang und die Haltungsregulation. Sportverletzung Sportschaden: Organ der
Gesellschaft fur Orthopadisch-Traumatologische Sportmedizin. 2009;23(2):84–94.

67. Wilson K, Buultjens M, Monfries M, Karimi L. Equine-assisted psychotherapy for
adolescents experiencing depression and/or anxiety: a therapist’s perspective. Clin
Child Psychol Psychiatry. 2017;22(1):16–33.

68. Hession CE, Eastwood B, Watterson D, Lehane CM, Oxley N, Murphy BA. Therapeutic
horse riding improves cognition, mood arousal, and ambulation in children with
dyspraxia. J Altern Complement Med. 2014;20(1):19–23.

69. Grahn JA, Brett M. Rhythm and beat perception in motor areas of the brain. J Cogn
Neurosci. 2007;19(5):893–906.

70. Bengtsson SL, Ullén F, Ehrsson HH, et al. Listening to rhythms activates motor and
premotor cortices. Cortex. 2009;45(1):62–71.

71. Jang CH, Joo MC, Noh SE, et al. Effects of hippotherapy on psychosocial aspects in
children with cerebral palsy and their caregivers: a pilot study. Ann Rehabil Med.
2016;40(2):230–236.

72. Anestis MD, Anestis JC, Zawilinski LL, Hopkins TA, Lilienfeld SO. Equine-related
treatments for mental disorders lack empirical support: a systematic review of em-
pirical investigations. J Clin Psychol. 2014;70(12):1115–1132.

T. Trzmiel et al. Complementary Therapies in Medicine 42 (2019) 104–113

113

http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0185
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0190
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0190
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0195
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0195
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0195
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0200
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0200
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0205
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0205
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0210
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0210
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0215
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0215
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0215
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0220
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0220
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0225
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0230
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0230
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0235
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0235
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0235
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0240
http://www.autism.com/ari/atec/ateconline.htm
http://www.autism.com/ari/atec/ateconline.htm
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0250
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0250
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0250
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0255
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0255
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0260
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0260
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0265
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0265
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0265
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0265
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0270
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0270
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0275
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0275
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0280
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0280
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0280
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0285
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0285
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0290
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0295
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0295
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0295
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0300
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0300
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0300
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0305
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0305
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0305
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0310
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0310
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0310
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0310
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0315
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0315
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0315
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0320
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0320
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0320
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0325
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0325
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0325
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0330
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0330
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0330
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0335
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0335
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0335
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0340
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0340
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0340
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0345
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0345
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0350
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0350
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0355
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0355
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0355
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0360
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0360
http://refhub.elsevier.com/S0965-2299(18)30833-1/sbref0360

	Equine assisted activities and therapies in children with autism spectrum disorder: A systematic review and a meta-analysis
	Introduction
	Methods
	Search strategy
	Inclusion/exclusion criteria
	Quality assessment
	Data extraction and analysis
	Results
	Patient characteristics and study design
	Results of the therapeutic interventions
	VABS meta –results of the analysis
	Discussion
	Conclusions
	Study limitations
	Conflicts of interest
	References




