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�is systematic review aimed to provide an up-to-date analysis of the e�ects of equine-assisted therapies (EAT) in people with
multiple sclerosis (PwMS). �e Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines were
followed to conduct this systematic review. PubMed and Web of Science databases were employed in the search, which ended in
February 2022. �e risk of bias analysis was performed using the Evidence Project tool. After removing duplicates, thirty-nine
studies were identi�ed. However, only ten ful�lled the inclusion criteria and were included in this systematic review. �erefore, a
total of 195 PwMS, aged between 40.3 and 51.3, were included in this systematic review. EAT-based interventions had a mean
length of 13.6 weeks with a session´s frequency ranging from ten to once a week. All sessions involved real horses and lasted a
mean of 34.4min. Among the included articles, four were randomized controlled trials (RCT), four did not perform ran-
domization, and two employed a prepost design without a control group. RCTs showed positive e�ects on quality of life, fatigue,
balance, spasticity, and gait speed. Furthermore, non-RCT showed improvements in balance, spasticity, and postural control
(postural control was not assessed in RCTstudies). Importantly, signi�cant e�ects were only observed when the comparison group
was inactive or followed usual care.�erefore, EAT is a promising and e�ective therapy to improve quality of life, fatigue, balance,
spasticity, and gait speed in PwMS. However, since comparison groups are heterogeneous, results could vary depending on the
research design. Moreover, the inclusion of noncontrolled studies (in order to have a wide perspective of the state of art) could
increase the risk of bias and make the results be taken with caution.

1. Introduction

Multiple sclerosis (MS) is a chronic disease characterized by
a progressive demyelination and an axonal loss across the
central nervous system. MS symptoms can be manifested
singly or combined and include several manifestations such
as fatigue, paraesthesia, sti�ness, muscle spasms, tremors,
weakness, dizziness, gait disturbance, or pain [1]. �ese
symptoms signi�cantly reduce the health-related quality of
life (HRQoL) of people withMS (PwMS) [2, 3]. Furthermore,

previous studies have shown that PwMS often showed less
postural control and, consequently, a higher risk of falling
[4, 5]. �is is relevant, since falls are associated with injuries,
lower participation, and increased fear of falling in this
population [6]. Despite the bene�ts of pharmacological and
nonpharmacological treatments, rehabilitation programs are
encouraged to improve both physical health and mental
health of PwMS.

Complementary and alternative treatments emerged to
reduce the severity of symptoms and to enhance the HRQoL
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of PwMS. However, evidence about the efficacy of these
therapies has sometimes been questioned [7]. In this regard,
complementary and alternative therapies have been in-
cluded in less than half of the clinical practice guidelines for
PwMS [8]. .erefore, there is a need to review studies that
provide more evidence and clarify which therapies should be
recommended to reach higher benefits and reduce the
symptoms’ limitations [8].

Previous studies in the field of animal-assisted interven-
tions reported positive benefits in mental and physical health
[9, 10]. Equine-assisted therapies (EATs), which are part of
animal-assisted intervention, have shown positive benefits in
older adults [11], autism [12], children with attention-deficit/
hyperactivity disorder [13], cerebral palsy [14], or chronicpain
populations [15]. .e physical mechanism underlying the
physical benefits of riding a horse is related to the rider’s
movement induced by the horse during walking. .is
movement pattern has some similarities with the human gait,
generating a bilateral and continuous stimulus that leads to
voluntary and involuntary muscular activity..is pattern has
been shown to help improve or maintain control of posture
balance [16]. Furthermore, some psychological benefits have
also beenobserved afterEAT, including improvements in self-
esteem, self-regulation, HRQoL, competency, emotional
wellbeing, and social support [17, 18].

A previous review, in 2010, aimed to systematically
review the evidence for hippotherapy as a therapy to im-
prove balance [19]. Although only three studies were in-
cluded in that review, the authors concluded that
hippotherapy has a positive effect on balance in PwMS.
However, due to the variety of terms used to inadequately
refer to EAT (such as equine-assisted therapy, horse-riding,
horseback riding, or therapeutic riding), we believed that
further evidence might not have been included. Further-
more, no other review has been conducted specifically to
evaluate the effects of EAT (including more search terms
related to EAT) or to evaluate other health-related variables
in PwMS such as fatigue, HRQoL, or walking performance.
.erefore, the current systematic review aimed to provide an
up-to-date analysis of the effects of EAT in different health-
related variables of PwMS.

2. Methods

.is systematic review was performed according to the
Preferred Reporting Items for Systematic Review and Meta-
analysis (PRISMA) guidelines [20]..is study was registered
in the International Prospective Register of Systematic Re-
views (PROSPERO) with the following identification
number: CRD42020220433.

2.1. Data Sources and Search Strategy. PubMed and Web of
Science databases (including Current Contents Connect,
Derwent Innovations Index, Korean Journal Database,
Medline, Russian Science Citation Index, and SciELO Ci-
tation Index) were used to identify potential studies.

A wide variety of terms describing equine-assisted in-
terventions can be found regarding context, country, or type

of intervention such as hippotherapy, equine-assisted in-
tervention, or therapeutic horseback riding..is represented
a huge source of confusion, since these terms are used in-
terchangeably [21]. .erefore, taking this variety into ac-
count, we have followed the definition of EATmade by the
Professional Association of .erapeutic Horsemanship In-
ternational (PATH) to include and analyze the articles. In
this regard, EAT has been considered as an intervention that
can incorporate equines or equine environments for reha-
bilitation goals directed by professionals in the field. .us,
the following search string was employed: (“multiple scle-
rosis”) AND (“hippotherapy” OR “equine-assisted” OR
“horse-riding” OR “horseback riding” OR “therapeutic
riding”). Year, type of design, and language restrictions were
not applied in the search. .e search process ended in
February 2022. Duplicated studies were excluded and arti-
cles’ titles, abstracts, and full texts were carefully screened by
two of the authors (A.M.L-P. and A.C.P.).

Studies were included in the systematic review if they
fulfilled the following criteria: (1) participants suffered from
MS; (2) the article analyzed the effects of EATon physical or
mental health-related outcomes; (3) the study conducted an
EAT intervention; and (4) they were randomized or non-
randomized controlled trials with prepost data. Moreover,
the studies were excluded when: (1) they were written in a
different language from English or Spanish; (2) they were a
review, study protocol, conference abstract, or a case report;
(3) the article was not focused on PwMS.

.e study selection was performed by one author,
A.C.P., and checked by another, A.M.L-P. Disagreements
between these authors were solved through discussion with
D.C-M.

2.2. Risk of Bias Assessment. .e Evidence Project tool [22]
was employed to evaluate the risk of bias of the selected
studies. .is tool is composed of eight items that cover study
design, the participants’ representativeness, and the equiv-
alence of comparison groups. In this regard, the study design
includes items referring to cohort, control, or comparison
group and prepost intervention data. Participants´ repre-
sentativeness includes items that analyze the random as-
signment of participants to the intervention, random
selection of participants for assessment, and follow-up rate
of 80% or more. Lastly, the comparison groups’ equivalence
is assessed with items concerning the equivalent on socio-
demographics and the equivalent at baseline. .is scale
allows evaluating both randomized and nonrandomized
trials.

2.3. Data Extraction. According to PRISMA methodology
[20], participants, intervention, comparison treatments,
outcomes, and study design (PICOS) data were extracted.
Accordingly, information concerning participants’ charac-
teristics, study design, sample size, age, years from MS di-
agnosis, disability level, and body composition were
exported from each article. Moreover, intervention char-
acteristics such as intervention length, treatment frequency,
duration of the sessions, setting where the EAT was carried
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out, type of exercise performed, and its description were
analyzed. For each variable the “pre-,” “post-,” and the
change between pre- and post- data were extracted,
reporting means and standard deviations as well as the
reported effects (within- and between-group differences) for
each article. .e extraction process was conducted by two
authors (A.M.L-P. and A.C.P.). Regarding the reported data,
specific statistical calculations were performed according to
each trial design. First, the Standardized Mean Differences
between control and equine-assisted therapy groups were
calculated by utilizing the ReviewManager Software (Rev-
Man, 5.3) [23]..e selected method was the inverse variance
with random effects and a 95% confidence interval (CI) [24].
In randomized control trials (RCT), results were calculated
taking into account the data after intervention. Meanwhile,
in non-RCT, changes from baseline results were the data
selected. Moreover, in that non-RCTwithout enough change
from baseline data, Cohen’s effect size and its corresponding
confidence interval (95%) were calculated [25].

3. Results

3.1. Study Selection. A total of 63 publications were iden-
tified in the electronic databases: 22 studies in PubMed and
41 in the Web of Science. After removing duplicates, 39
studies were screened by reading the title and abstract.
Twenty-six studies were excluded because they were reviews
(thirteen studies), conference abstracts (four studies), pro-
tocols (one study), not focused on PwMS (six studies), or not
written in English or Spanish (two studies). .irteen studies
were assessed for eligibility. However, three studies did not
fulfil the inclusion criteria, since one was a case report, one
was an observational study, and one included another type of
disease apart from MS. .erefore, our systematic review
included ten studies (Figure 1).

3.2. Characteristics of the Participants. Table 1 shows the
study design, sample size, age, years from MS diagnosis,
disability level, and body composition for each article. A total
sample size of 195participantswas included in this systematic
review. 104 participants were included in the equine-assisted
therapy group (EATG) and 91 in the CG, of which 63 were
inactive participants and 28 performed a different type of
intervention..emean agewas 46.2 years in the EATG (from
41.3 to 47.9) and 45.6 years in the CG (from 40.3 to 51.3).
Median and interquartile range were reported by Vermöhlen
et al. (2017). .e EATG was diagnosed with MS with a mean
symptom duration of 11.6 years (from 8.3 to 22.3 years) and
the CG was diagnosed for 10.8 years (from 8.2 to 17.5 years).

As for participants´ disability levels, the Extended
Disability Status Scale (EDSS) [26] was used in four studies.
.is scale ranges from 0 to 10 in 0.5 units. Higher scores
represent higher levels of disability. For instance, scores of 1
to 4.5 refer to people who can walk without aid and scores
higher than 5 referred to people who suffered from walking
impairments. Participants included in this systematic review
had an EDSS score that ranged from 1 to 5.2. Nevertheless,
one study included participants with EDSS higher than 5.

3.3. Characteristics of the Interventions. Table 2 depicts the
intervention length, treatment frequency, duration of the
sessions, setting where the EAT was carried out, type of
exercise performed, and its description for each article. .e
EAT interventions assessed in this systematic review had a
mean length of 13.6 weeks with a standard deviation of 5.6.
Four interventions performed the treatment twice a week
[27–31] and four performed the treatment once a week
[28, 32–34], while one conducted the intervention ten times
per week [35]. EATsessions lasted a mean of 34.4min with a
standard deviation of 8.9. However, some of the interven-
tions made a progression in the sessions’ duration
throughout the program [30, 32, 36]. Two studies did not
describe the characteristics of their intervention.

Regarding sessions characteristics, most of the EAT
interventions performed a warm-up and a cool-down with a
duration from 5 [28, 29, 31, 34] to 10 minutes [36], based on
upper and lower extremities stretching or slow walking while
connecting with the horse. EAT exercises (with a mean
duration of 30minutes) were focused on balance, mobility,
changes in direction and speed [29, 31, 34, 35], progressive
difficulty of tracks [28, 29] based on riders’ motor skills [32],
and postural control on the horse by the employment of
different riding techniques [36].

EATG participants were also enrolled in physiotherapy
sessions in only one study as its CG [32]. Also, Frevel et al.
(2015) and Menezes et al. (2013) included active CGs, per-
forming home-based exercises focused on balance, postural
control, strength [30], pilates, swimming, or weightlifting
[36]..e rest of the studies, except two [31, 35], includedCGs
that followed standard care routines [27–29, 32, 33].

In relation to EAT safety, only one article [27] reported
that one participant fell off the therapy horse and was able to
continue therapy. Moreover, two participants experienced,
at the beginning of the intervention, an MS relapse ac-
companied by painful muscle contractions. .e other two
articles employed two side-walkers in order to reduce risks
[29, 34].

3.4. Health Variables Evaluated. Different health outcomes
were assessed before and after the interventions. HRQoL was
studied using King’s Health Questionnaire (KHQ) [33], the
Multiple Sclerosis Quality of Life-54 (MSQOL-54) [33] and
its mental and physical health subscales [27], the Short Form
36 (SF-36) and its dimensions [35], the Hamburg Quality of
Life Questionnaire in Multiple Sclerosis (HAQUAMS) [30],
and the Functional Assessment of Multiple Sclerosis Quality
of Life (FAMS). [28]. Four studies analyzed fatigue using the
Fatigue Severity Scale (FSS) [27, 28, 30], the Fatigue Impact
Scale (FIS) [33], and the Modified Fatigue Impact Scale
(MFIS) [27, 28]. Five articles analyzed balance [27, 30, 31,
34, 35] using the Berg Balance Scale for static balance
[27, 30, 31, 34, 35] and the Dynamic Gait Index (DGI) for
dynamic balance [30]. Moreover, four studies assessed
the benefits in mobility using the Performance Oriented
Mobility Assessment (POMA) [32, 34] and the Timed Up
and Go test [28, 35] and two articles studied the spasticity
through the Numeric Rating Scale (NRS) [27] and the
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Modified Ashworth Scale [33]. Walking performance was
evaluated using the 6-minute walking test [29] and the
2-minute walking test [30]. Regarding gait performance
analysis, three studies analyzed the gait speed [29, 32] and
the Functional Gait Assessment (FGA) [31] after the EAT
interventions. Lastly, the following variables were analyzed
in a single study: disability, with the Extended Disability
Status Scale [32]; pain, with Visual Analogue Scale [27];
mobility and performance in activities of daily living with
the Barthel Index [32]; and postural control with the eval-
uation of the center of pressure during static balance tasks
[28, 31, 36] and the Sensory Organization Test (SOT) [35].

3.5. Effects of Equine-Assisted&erapy onHRQoLandPhysical
Outcomes. Table 3 summarizes the results in HRQoL, fa-
tigue, balance, mobility, spasticity, walking performance,
gait performance, disability, pain physical functioning, and
postural control. Regarding HRQoL, significant within-
group differences were found in two articles [28, 33],
whereas Hammer et al. (2005) did not find significant dif-
ferences. Between-group differences were observed in both
physical and mental health dimensions (p< 0.001) [27].
However, when comparing EAT to Internet-based home
training, Frevel et al. (2015) did not find significant differ-
ences [30].

As for participants’ fatigue perception, when the effects
of EAT were compared to an inactive CG, significant be-
tween-group differences emerged (p � 0.002 [27] and

p � 0.017[28]). In contrast, when the CG performed In-
ternet-based home training, significant differences were not
reached [30]. Moreover, three of the studies found a sig-
nificant decrease in fatigue in the EATG after the inter-
vention (p< 0.001 [28, 33] and p< 0.05 [30]).

Results in physical outcomes showed that static balance
significantly improved after EAT intervention in compari-
son to an inactive CG (p � 0.047 [26v] and p � 0.04 [34]).
However, Frevel et al. (2015) did not find significant be-
tween-group differences (EATG versus home-based training
group); however, significant within-group improvements
were found in the EATG [30]. In this regard, Lindroth et al.
(2015) did not find differences after the EAT intervention in
balance [31].

With respect to mobility, significant between-groups
differences were not found. However, two studies showed
significant within-group results in mobility [28, 34]. Spas-
ticity results showed that EAT interventions could signifi-
cantly reduce this aspect when compared to the CG [27, 33].
Considering walking and gait performance, Moraes et al.
(2020) revealed significant differences between (p< 0.001)
and within (p< 0.001) groups in all the tests performed
(6MWT, gait velocity, and gait cadence) [29]. However,
Flevel et al. (2015), in walking performance, and Muñoz-
Lasa et al. (2011), in walking performance and gait, did not
show positive results [30, 32]. Regarding postural control,
Menezes et al. (2013), Moraes et al. (2021) and Lindroth et al.
(2015) showed that EAT can improve the amplitude of the
anterior-posterior center of pressure (p< 0.01), mean

Records identified through 
database searching

(n = 63)
PubMed n = 22

Web Of Science n = 41
Sc

re
en

in
g

In
clu

de
d

El
ig

ib
ili

ty
Additional records identified 

through other sources
(n = 0)

Records after duplicates removed
(n = 39)

Records screened
(n = 39)

Records excluded (n = 26):
Conference abstract n = 4
Language limitation n = 2

Reviews n = 13
Protocol n = 1

No multiple sclerosis patients n = 6

Full-text articles assessed 
for eligibility

(n = 13)

Full-text articles excluded, with 
reasons (n = 3):

Case report n = 1
Observational design n = 1

Not focused only on multiple 
sclerosis patients n = 1

Studies included in 
qualitative synthesis

(n = 10)

Id
en

tif
ic

at
io

n

Figure 1: Flow diagram of the study selection.

4 Evidence-Based Complementary and Alternative Medicine



Ta
bl

e
1:

C
ha
ra
ct
er
ist
ic
s
of

th
e
pa
rt
ic
ip
an
ts

in
cl
ud

ed
in

th
e
sy
st
em

at
ic

re
vi
ew

.

St
ud

y
Ra

nd
om

iz
at
io
n

G
ro
up

Sa
m
pl
e
siz

e
(%

of
fe
m
al
es
)

A
ge

(S
D
)

Ye
ar
s
fr
om

di
ag
no

sis
(S
D
)

D
isa

bi
lit
y
le
ve
l(
SD

)
Bo

dy
co
m
po

sit
io
n
da
ta

(S
D
)

M
or
ae
s
(2
02
0)

an
d
M
or
ae
s

(2
02
1)

Ye
s
(R
C
T)

EA
TG

n
�
17

(9
4.
18
%
)

45
.5

(9
.7
)

9
(6
.1
)

ED
SS

(m
ed
ia
n)
:2

H
:1
62

(4
.2
)/
W
:6

7
(1
3.
1)
/B
C
D
:

25
.5

IC
G

n
�
16

(9
3.
75
%
)

44
.8

(8
.8
)

8.
8
(5
.7
)

ED
SS

(m
ed
ia
n)
:1
.7
5

H
:1
63

(6
.6
)/
W
:6

8.
7
(1
3.
4)
/B
C
D
:

25
.9

M
uñ

oz
-L
as
a
(2
01
9)

N
o
(n
on

-R
C
T)

EA
TG

n
�
6
(5
0%

)
41
.3

(3
.3
)

15
.5

(5
)

N
R

N
R

IC
G

n
�
4
(2
5%

)
51
.3

(4
.6
)

17
.5

(7
.3
)

N
R

N
R

V
er
m
öh
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öh

le
n
(2
01
7)

BB
S

EA
TG

40
.6
0
(1
1.
50
)

47
.0

(8
.7
)

0.
19

[−
0.
29
,0

.6
7]

SM
D

N
R

p
�
0.
04
7

IC
G

42
.1
0
(1
0.
90
)

45
.1
0
(1
0.
90
)

N
R

Fr
ev
el

(2
01
5)

BB
S

EA
TG

40
.3
0
(9
.8
0)

45
.8

(8
.3
)

−
0.
08

[−
1.
06
,0

.9
0]

SM
D

p
<
0.
05

N
SD

A
C
G

43
.5
0
(9
.9
0)

46
.5
0
(9
.0
0)

p
<
0.
05

D
G
I

EA
TG

12
.8

(6
.4
)

15
.8

(6
.6
)

0.
07

[−
0.
91
,1

.0
5]

SM
D

p
<
0.
05

N
SD

A
C
G

13
.3

(6
.6
)

15
.3

(6
.5
)

p
<
0.
05

Si
lk
w
oo

d-
Sh

er
er

(2
00
7)

BB
S

EA
TG

39
.3
8
(1
6.
87
)

56
(1
5.
11
)

1.
31

[0
.0
4,

2.
58
]†

N
R

p
�
0.
04
8

IC
G

41
.0
0
(9
.1
9)

40
.2
0
(7
.9
1)

N
R

Li
nd

ro
th

(2
01
5)

BB
S

EA
TG

42
(1
.7
3)

46
(0
)

N
A

N
A

N
A

H
am

m
er

(2
00
5)

BB
S

EA
TG

40
.5

(2
4.
57
)

31
(2
6.
06
)

N
A

N
A

N
A

8 Evidence-Based Complementary and Alternative Medicine



Ta
bl

e
3:

C
on

tin
ue
d.

St
ud

y
To

ol
G
ro
up

s
Be

fo
re

in
te
rv
en
tio

n
A
fte

r
in
te
rv
en
tio

n
Eff

ec
ts

iz
e

[C
I
95
%
]

D
iff
er
en
ce
s

(p
va
lu
e)

Be
tw
ee
n-
gr
ou

p
M
ea
n
(S
D
)

M
ea
n
(S
D
)

W
ith

in
-

gr
ou

p
M
O
BI
LI
TY

M
or
ae
s
(2
02
1)

Ti
m
ed

up
an
d
go

te
st

EA
TG

9.
9
(3
.1
)

7.
5
(2
.2
)

−
0.
27

[−
0.
95
,0

.4
2]

SM
D

p
<
0.
00
1

p
�
0.
39
8

IC
G

8.
7
(2
.5
)

8.
09

(2
.1
3)

p
�
0.
10
8

M
uñ

oz
-L
as
a
(2
01
1)

PO
M
A

EA
TG

16
(6
.1
)

19
.3

(3
.6
)

1.
23

[0
.3
8,

2.
08
]†

p
<
0.
00
5

N
SD

A
C
G

17
.3

(6
.8
)

17
.1
(6
.7
)

N
SD

Si
lk
w
oo

d-
Sh

er
er

(2
00
7)

PO
M
A

EA
TG

18
.4
4
(6
.4
5)

22
.1
1
(4
.8
2)

−
2.
05

[−
3.
51
,−

0.
59
]†

N
R

p
�
0.
07
8

IC
G

19
.3
3
(3
.9
)

18
.8
3
(3
.9
8)

N
R

H
am

m
er

(2
00
5)

Ti
m
ed

up
an
d
go

te
st

EA
TG

14
.8
5
(7
.5
2)

14
.8
2
(7
.7
5)

N
A

N
A

N
A

SP
A
ST

IC
IT
Y

M
uñ

oz
-L
as
a
(2
01
9)

M
od

ifi
ed

A
sh
w
or
th

Sc
al
e

EA
TG

1.
25

(0
.2
5)

0.
5
(0
.5
5)

3.
40

[1
.1
1,

5.
69
]†

p
�
0.
01

p
<
0.
00
01

IC
G

1.
12

(0
.5
8)

0.
82

(0
.4
8)

N
SD

V
er
m
öh
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medial-lateral velocity (p � 0.02), and the speed of the center
of pressure in stable and foam superficies (p< 0.001) [28]
and a positive trend was observed in the SOT [31]. Con-
cerning activities of daily living, pain, or physical inde-
pendence, EAT interventions did not show significant
benefits when compared to the CG [27,32].

To summarize, between-groups differences were only
observed when comparing EAT with an inactive CG
[27–29, 33, 34, 36]. .erefore, between groups, significant
differences were not observed when EAT was compared to
an active CG [30, 32].

3.6. Risk of Bias. .e mean score of the risk of bias analysis
with the Evidence Project tool was 5.7 out of 8 with a
standard deviation of 1.57 and scores ranged from 3 to 7
(Table 4). Higher scores corresponded to RCT studies (7/8)
[27–30] where assignment to experimental groups was
randomized. Item-by-item analysis showed that assessment
of the quality of the study design (items 1 and 3) was sat-
isfactorily reached by all the studies. However, in the par-
ticipants’ representativeness evaluation, more
heterogeneous results were found. Item 4, which assessed the
“random assignment of participants to the intervention,”
was only fulfilled by three studies, while item 5 (“random
selection of participants for assessment”) was not reached
for any of the studies, whereas all the studies positively
scored item 6 (“follow-up rate of 80% or more”). Besides, in
the equivalence of comparison groups, except for three
studies on item 8 (referred to the “comparison groups
equivalent at baseline on outcome measures”) and two
studies in item 7, all the studies fulfilled the requirements.
However, the total scores and the section analysis were
influenced in their low results by the inclusion of two studies
with no CG [31, 35].

4. Discussion

.is systematic review analyzed the effects of EAT in PwMS.
Ten articles were included in this systematic review: three
were RCTs, and seven did not perform randomization. RCTs
showed positive effects of EAT on HRQoL, fatigue, balance,
spasticity, and gait speed. Furthermore, non-RCTs showed
improvements in balance, spasticity, and postural control
(postural control was not assessed in RCTs studies). Im-
portantly, significant effects were only observed when the
comparison group was inactive or followed their usual care.
Furthermore, taking into account the fact that non-RCTs
studies are more prone to bias and the heterogeneity among
the selected studies (mainly due to the inclusion of articles
focused on different health-related outcomes and articles
with active and inactive CGs), results might be taken with
caution.

Results of this systematic review showed that significant
improvements can be reached with EATwhen comparing its
effects to an inactive CG or a CG that followed usual care.
.is is congruent with previous studies that showed the
potential of physical activity to increase the HRQoL and
physical function of PwMS [27, 37, 38]. .us, physical

activity is considered a useful therapy against MS-related
impairments when EAT cannot be performed. .is is rel-
evant, since EAT is usually expensive due to animal care or
displacement. .us, previous studies have analyzed the ef-
fects of horse-riding simulators in special populations
[11, 39]. .ese simulators mimic horse movements, leading
to postural responses [38] with fewer costs than real horses
[40]. However, the emotional response of riding a horse [41],
even the temperature (higher than humans which could have
a beneficial effect on spasticity), or the outdoor environment
could add some benefits to EAT [17, 42]..us, future studies
should try to isolate the effects of EAT.

Positive results were found in the HRQoL [27, 28, 33]
and fatigue [27, 28, 30, 33] after EAT in PwMS..e observed
improvements could be considered clinically significant,
since a difference of at least 0.45 points on the FSS or 4 points
on the MFIS has been reached [43]. Fatigue is one of the
main causes of impaired HRQoL among PwMS, although it
is poorly understood [44]. However, different mechanisms,
including proinflammatory cytokines (TFN-α), endocrines
influences, and axonal loss, have been proposed [44]. TFN-α
mRNA expression is increased among PwMS with fatigue
[45, 46]. In this regard, previous studies have shown that
animal-assisted intervention had hormonal effects, such as
an increase in oxytocin release. .is is quite relevant, since a
previous study showed that oxytocin treatment decreases
TFN-α [47]. .us, future studies should explore if fatigue
reduction after animal-assisted intervention could be related
to oxytocin releases.

Regarding HRQoL, benefits could be related to the
improvement of physical function (balance, postural con-
trol, mobility, walking, and gait performance). However,
both the physical and the mental dimensions of the MSQoL-
54 have been improved, reaching the minimum clinically
important difference [27]. .erefore, the significant increase
in the mental dimension of MSQoL, and the total HRQoL
with the FAMS questionnaire [28], indicated that changes
were not limited to physical benefits. Furthermore, other
benefits such as the reduction of fatigue [28, 30, 33] or pain
[15, 27] may have a significant impact on HRQoL. However,
controversial results were found, since Frevel et al. [30] only
reported improvements in the cognition, lower limb, and
mood subscales but not in the overall score of the Hamburg
Quality of Life Questionnaire in Multiple Sclerosis. .ese
disagreements in results may be explained by the use of
different tools to assess HRQoL, which cover different di-
mensions that influence the final score [58, 59]. Neverthe-
less, taking into account the obtained results and the large
impact of MS on HRQoL, EAT could be a potential therapy
to enhance not only the physical dimension of the HRQoL,
but also themental dimension..is can be considered one of
the major findings of the current review.

In relation to the physical effects of EATinterventions on
PwMS, there is consensus among the analyzed studies
showing benefits on balance. .ese changes can be con-
sidered clinically important, since Berg Balance Scale in-
creased more than three points [51]. Nevertheless, taking
into account the p values, significant between-group dif-
ferences were observed when the group that received EAT
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was compared to an inactive CG [27, 34]. In this way, only
within-group differences were observed in balance, postural
control, and strength when EAT intervention was compared
with a group that performs Internet-based home training
[30]. Moreover, previous studies in the field of EAT have
shown significant benefits in trunk/head stability
[15, 47, 52–54], which positively influences balance
[27, 30, 34]. .is is relevant, since improvements in balance
can considerably reduce the risk of falling [30, 53, 55], being
a major limitation in PwMS [6]. .erefore, according to the
results summarized in this systematic review, a 30-minute
session per week for 12 sessions may be enough to achieve
improvements in balance [27], since the improvements are
found when the EATwas received once a week [27, 34], like
when there were twice [30].

Mobility and walking performance of PwMS improved
after EAT interventions [29, 30, 32, 34]. Improvements in
walking performance may be related to the reduction in the
stance time and double support time as well as the increase
in balance time [29]. Benefits in gait parameters after EAT
may be due to a physical stimulus induced by the movement
of the horse. In this regard, horses perform a three-di-
mensional rhythmic movement, being patients’ pelvis
movements similar to the movement produced during
human gait. .us, riding a horse leads to bilateral, con-
tinuous, and symmetrical movement patterns that stimulate
muscle fibers and positively affect the control of posture and
balance [43]. Furthermore, its practice requires the partic-
ipation of the whole body and, therefore, it contributes to
changes in muscle tone and motor coordination [56]. For
this reason, this type of therapy has been used as a com-
plementary strategy to reduce spasticity and improve motor
skills [32].

.is systematic review has some limitations. First, only
studies in Spanish and English were included. Second, due to
the heterogeneity of the studies included in the systematic
review (in terms of interventions, CGs, participants, and
outcomes), a meta-analysis was not possible. Concerning
participants’ heterogeneity, only four of the ten studies
included in this systematic review used a scale to evaluate the

disability level. .us, future studies should incorporate
specific scales for PwMS, such as EDSS, to characterize the
participants. .ird, some studies were not randomized,
which could have affected the obtained results due to an
increase of risk of bias in these studies. .erefore, RCTs with
homogeneous populations are encouraged to assess the
effect of EAT in PwMS to ensure that the groups are
equivalent at baseline. Lastly, only one article detailed the
side effects of this therapy [27] and two studies reported
safety strategies to reduce risks [30, 34]. Future studies are
encouraged to detail any side effects detected or to report
that no side effects were identified.

5. Conclusion

.is systematic review is the first to evaluate the benefits of
EATon PwMS. Promising and positive results were achieved
for HRQoL, fatigue, balance, and gait. However, large
heterogeneity was also observed between the included
studies. .us, more RCTs are needed to evaluate the effects
of EAT on those variables.
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[54] T. B. de Araújo, R. J. de Oliveira, W. R. Martins,
M. de Moura Pereira, F. Copetti, and M. P. Safons, “Effects of
hippotherapy on mobility, strength and balance in elderly,”
Archives of Gerontology and Geriatrics, vol. 56, no. 3,
pp. 478–481, 2013.
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