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Societal concerns for animal welfare extend to all domestic species, including 
high-level sport horses. The welfare of these horses, notably highlighted during 
the recent Olympics, has garnered significant public interest, prompting inquiries 
into their living conditions. Animal welfare studies have emphasised three key 
needs crucial to equine welfare: unlimited access to forage, freedom of movement, 
and social interactions with peers, commonly referred to as the “3Fs”—access 
to Forage, Freedom of movement, and interactions with Friend conspecifics. 
However, the feasibility and benefits of satisfying these needs specifically for 
sport horses remain unexplored. Indeed, they may face unique challenges such 
as high physical workload, extensive travel, limited time in their home stables, 
weight management, and high economic value necessitating careful handling. 
Consequently, restrictions on feeding, freedom of movement, and social contact 
are often deemed necessary. This field study aims to assess the actual level of 
implementation of welfare in high-level sport horses by evaluating body condition, 
injury risk, and behavioural welfare indicators in their home stable. To achieve this 
objective, the welfare of 56 high-level sport horses competing internationally was 
assessed using behavioural indicators of welfare through scan sampling (abnormal 
behaviours, i.e., stereotypies, aggression towards humans, withdrawn behaviour, 
and alert behaviours; positions of the ears in a backward position while foraging, 
watching behaviours, and through other Animal Welfare Indicators (AWIN) protocol 
measures). This study shows that there exists a large variability among horses 
regarding their access to the 3Fs, with some of them having a lot of restrictions and 
others not, meaning it is possible to respect them while competing at a high level. 
Second, we observed that the fewer restrictions the horses experience regarding 
the 3Fs while in their home stables, the better their welfare, as demonstrated by the 
indicators we assessed. These results undeniably support the fact that unrestricted 
access to forage, the ability to move freely outdoors, and the opportunity to 
interact socially with conspecifics are fundamental needs of horses that could 
be provided to horses, also to high-performance ones. It is therefore essential 
that solutions are put in place to ensure that these conditions are met.
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1 Introduction

The welfare of high-level sport horses used in equestrian sports, 
and in particular the Olympic Games, is a growing societal issue that 
the International Equestrian Federation has recognised and responded 
to by setting up the Equine Ethics and Welfare Commission.1 There 
are many studies on the factors that promote the welfare of horses (1), 
including high-performance horses (2–4). However, high-level sport 
horses usually have very specific living and working conditions (2). 
They can undergo intensive daily training, travel extensively 
worldwide for competitions, spend limited time in their home stables, 
require careful weight management, and have high sentimental and 
economic value necessitating close monitoring, particularly to prevent 
injuries. Consequently, for their owners, restrictions on feeding, 
freedom of movement, and social interactions with conspecifics are 
often deemed necessary for the management of these conflicts, which 
arise between the demands of competition and the horse’s basic 
needs (5–8).

Restrictions of these natural needs negatively impact the welfare 
of horses (1). The three criteria related to these needs are called in the 
equine sector as the “3Fs”, a term first introduced by the equine 
behaviourist L. Fraser (Forage, Freedom, and Friends) and defined as 
groups of needs of horses that should be satisfied by horses.2 Unlimited 
forage is essential for the horse’s physiological needs as it can eat up to 
16 h a day, providing fibres throughout the day (9). It has been 
observed that forage deprivation can rapidly cause health problems 
such as gastric ulcers (10) and metabolic changes (11). Food restriction 
can also lead to the development of abnormal behaviours, as suggested 
by studies showing a link between a higher prevalence of stereotypies 
and a limited quantity of hay in horses (4, 12). Freedom of movement, 
or the ability to move freely outside of working or training hours, is 
an essential criterion for a horse’s welfare. If this need is not met, it can 
affect their mental and physiological health (1, 4, 13–15). It has been 
shown that freedom of movement, whether in the paddock or pasture, 
reduces stereotypy (4, 16) and aggression towards humans (16). In 
addition, certain stress markers such as glucocorticoids decrease 
following locomotor activity (17), and oxytocin levels have been 
shown to increase during a daily paddock release period (4). Finally, 
as horses are social beings living in groups under natural conditions, 
long-term bonds are essential to them (18). Deprivation of social 
contact from a very young age affects horse welfare. The study by 
Heleski et al. (19) showed that young horses living individually in 
stalls exhibited more abnormal behaviours such as licking or chewing 
the stall than those living in groups. Another study showed that 67% 
of the young horses in the study developed at least one stereotypy 
when housed individually for the first time (20). Furthermore, being 
in an individual stall also has long-term effects, and the longer a horse 
is in an individual stall, the more likely it is to develop unresponsiveness 
to its environment (13). Finally, the restriction of social contact with 
other conspecifics also has a physiological impact, with individually 
housed horses showing impaired glucocorticoid levels as a marker of 
stress (21).

1 https://equinewellbeing.fei.org/

2 https://inside.fei.org/system/files/EEWBC%20Final%20Report%20to%20

FEI%20Board_Updated%2014Nov23.pdf

Despite the extensive literature on the impact of these 3Fs on welfare, 
studies are often limited to similar types of horses from equestrian 
centres, and sometimes racehorses (12, 22), with high-level sport horses 
rarely included (2–4). However, high-level sport horses have unique 
characteristics as described above. It is therefore necessary to study in 
more detail the possibility of assurance of 3Fs in these specific horses.

In horses, welfare can be evaluated through various indicators or 
protocols (23–29). One set of indicators concerns the prevalence of 
abnormal behaviours, such as stereotypies, that can be defined as a 
repetitive behaviour caused by frustration and repeated attempts at 
coping and may also be  the result of a central nervous system 
dysfunction (30). Moreover, three behaviours have been identified as 
representative of poor welfare in horses: alert behaviours, withdrawn 
behaviours, and aggressiveness towards humans (31). The position of 
the ears while the horse eats is also an indicator of the horse’s welfare 
quality. In fact, it has been shown that horses feeding with their ears 
turned backward are also those showing a pessimist judgement bias 
(32) and is described as a reliable indicator of altered horse welfare (25).

Another indicator of a horse’s welfare is the behaviour of standing 
and scanning the environment. This behaviour is part of the horse’s 
normal behavioural repertoire as they typically spend between 6 and 
10% of their time budget engaging in it (18). However, several studies 
show that when its prevalence is high, it could be a sign of altered welfare. 
Indeed, isolated mares exhibited more of this behaviour than mares 
confined to stalls or in pasture (33). Furthermore, it has been observed 
that the frequency of observation behaviour in horses is linked to chronic 
back pain (34). This makes this behaviour an interesting indicator of the 
horse’s welfare as it is a behaviour that can be  easily observed and 
quantified. In addition to the behavioural indicators of welfare, 
we incorporated physical measures from the Animal Welfare Indicators 
protocol for horses (35), as the body condition score and alopecia.

The objectives of the present study were (1) to determine whether 
the 3Fs (Forage, Freedom, and Friends) are assured in high-level sport 
horses despite their specific use and (2) to investigate the relationships 
between categorical variables representative of each “F” and the 
expression of behavioural and physical indicators of poor welfare. 
Based on previous studies (1, 15, 22), we hypothesised that a proportion 
of elite sport horses would meet the 3Fs and that the 3Fs would remain 
essential for their welfare, notwithstanding their particular living 
conditions. We predicted that increased access to forage, freedom of 
movement, and social interactions with conspecifics in their usual 
stable environment would correlate positively with improved welfare 
indicators as lower prevalence of abnormal behaviours, reduced 
instances of backward ear positioning while foraging, and decreased 
vigilance behaviour. The study also examined the effects of unrestricted 
forage access on body condition scores and evaluated how increased 
freedom of movement and social contact influenced injury rates and 
skin alterations. This approach challenged the common practice of 
limiting these factors in high-performance horses, typically 
implemented to prevent injuries and manage weight (2, 7).

2 Materials and methods

2.1 Ethics statement

The authors compiled with the ARRIVE guidelines. The present 
study was approved by the Val de Loire Ethical Committee (CEEA 
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VdL) and attributed a positive recommendation (authorisation 
number: CE19 – 2023-3110 – 2).

2.2 Animals studied

Fifty-six high-level sport horses from 13 French private stables 
were studied (12 mares, 30 geldings, and 14 stallions; mean age ± SD: 
10.61 ± 2.69 years). During each visit to the 13 stables, a sample of 
between two and eight horses was studied over the course of the day. 
They were competing in show jumping and eventing at international 
levels, and 11 of them were considered for the French team for the 
2024 Olympic Games. The horses were observed in their usual 
environment (their home stables) between March and September 
2023, with the consent of their riders/owners and the French 
Equestrian Federation. The horses lived in boxes ranging from 13 
square metres to 35 square metres (mean ± SD: 24.5 ± 5.7), and their 
bed material consisted of straw or shavings. Horses were all trained 
between 5 and 7 days a week, with each session lasting between 30 and 
60 min, took part regularly in international competitions (some 
participating in more than 50 competitions a year), and had regular 
veterinary and osteopathic monitoring. Their living conditions are 
detailed below.

2.3 Forage access assessment

We evaluated whether the hay was distributed “ad libitum” or 
“rationed”. The criteria for unlimited access to hay were either a hay 
net system or portions large enough to leave sufficient hay when the 
next portion arrived. Based on this information, horses were grouped 
into two categories of the variable “access to forage” (F-forage): those 
with unlimited access to forage during the day and those with 
rationed forage.

2.4 Freedom of movement assessment

Freedom of movement assessment was determined according to 
the type of accommodation for each horse. The main type of housing 
(i.e., the housing where the horse spends the most hours during the 
day) for each horse was evaluated and included three possible levels 
of the variable “access to free movement” (F-movement): (1) over a 
24 h day, the horse lives more outdoors than in the box: in this case, 
the horse was placed into the category “living more in pasture or 
paddock than box”; (2) over a 24 h day, the horse lives more in the box 
than into the paddock or pasture: in that case, the horse was placed in 
the category “mainly in box”; and (3) the horse lives in the box almost 
exclusively (goes outside in pasture or paddock for 1 h or less in a 
week): in this final case, the horse was placed in the category 
“box exclusively.”

2.5 Social interaction levels’ assessment

Social interaction assessment was determined according to the 
levels of possible contact with any other horses through their type of 
housing and evaluated for each horse by the observer during the visit 

of the stables. Three levels described in the Animal Welfare Assessment 
Protocol for horses (35) were used to categorise the level of possible 
social interaction for each horse. If the horse had at least the possibility 
to nibble and partly groom another horse, it was placed in the first 
category of the variable “access to social interaction” (F-social) variable 
labelled “tactile interaction”. This category included horses that could 
nibble each other through their box or paddock and those that could 
fully interact with other horses when placed together in a pasture or 
paddock. The second category included horses that could only sniff 
each other through the grids of their box or paddock and was labelled 
“possibility to sniff ”. Finally, if the horse could only have visual contact 
with other horses, it was placed in the category labelled “visual 
interaction”. In this third category, horses can only see other horses 
from their box door or window, or from the paddock, but cannot sniff 
other horses muzzle to muzzle.

2.6 Abnormal behaviour ratio, backward 
ears ratio while foraging, and watching 
behaviour ratio

The evaluation of these behaviours was done using the scan 
sampling method over the course of a whole day by a single person (a 
PhD student of ethology) who had been previously trained in this 
method. This method previously described (36) consists of repeatedly 
observing the horse’s behaviour at regular intervals (here every 2 min). 
The observer walked discretely 2 m from the stall or paddock and 
noted the horse’s behaviour at a given moment. The observer should 
be silent to avoid being spotted by the horse being observed, to avoid 
any change in behaviour at the time of the observation. In the present 
study, 56 horses were observed over the course of a day from 9.20 a.m. 
and 5 p.m. The observer conducted a round every 2 min, moving from 
one horse to the next and noting the behaviour of each horse under 
observation (31). However, during the scan sampling observation 
periods, 16 horses were moved from the study for the purposes of 
undergoing training, undergoing veterinary check-ups, or otherwise, 
while they were observed. Consequently, they have been excluded 
from the subsequent analyses. As a result, 40 horses were observed for 
a total of 3,412 observations (85.3 ± 25.16).

The abnormal behaviour ratio was calculated from the 
observations of the scan sampling method. Based on the incidence of 
any of abnormal behaviours, the ratio included the following 
behaviours: stereotypies, aggressiveness towards humans, withdrawn, 
and hypervigilance behaviour. The ratio also included other abnormal 
behaviours such as gnawing on the bars of the box, gnawing on the 
feeder, door kicking, weaving, headshaking, crib-biting, licking on 
non-food, and tongue rolling. All abnormal behaviours are defined in 
the Supplementary Table S1. The abnormal behaviour ratio for each 
horse was calculated as follows: number of observations where the 
horse was displaying an abnormal behaviour divided by the total 
number of observations of the horse.

A previous study has shown that a chronic negative emotional 
state could be revealed by backward ears position in eating behaviours 
(32) and is a reliable indicator of compromised equine welfare (25). 
Therefore, backward ears while foraging has been used in the present 
study. Backward ears ratio while foraging was calculated from the 
observations of the scan sampling method and took into account all 
observations where the horse was foraging with its ears turned 
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backward (apart during concentrate food distribution times and 
consumption). Positions of the ears are defined in Table  1. These 
observations were then divided by the total number of observations 
where the horse was foraging to obtain the backward ears ratio while 
foraging for each horse.

Watching behaviour ratio also comes from observations of the 
scan sampling method. In the present study, we took into account all 
the behaviours in which the horse watched its environment (Table 1). 
The ratio was calculated by dividing the number of observations 
where the horse watched its environment by the total number of 
observations of the horse.

2.7 Physical measures

2.7.1 Assessment of the body condition score
The body condition score was assessed by a single observer who 

had been previously trained in accordance with the guidelines of the 
French Horse protocol which is derived from the Animal Welfare 
Assessment Protocol for horses (35). The body condition score 
assessment was shown to be  reliable, with assessors consistently 
scoring body condition after proper training (29). This assessment 
takes into account the evaluation of six body zones to obtain a final 
score for each horse.

The observer began with a general visual inspection of the horse. 
Then, six areas were specifically targeted: ribs, back of shoulder, 
withers, neck, tail attachment, and croup. For each area, a score from 
1 (very thin/skeletal) to 5 (obese/overweight) was given according to 
the AWIN scoring scale. The score took into account the level of fat/
muscle covering each area. The body condition score was then 
calculated from the scores for the six zones, with the different zones 
weighted as follows.
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2.7.2 Assessment of the alopecia score
The alopecia score was evaluated by a single observer who had 

been trained in the Animal Welfare Assessment Protocol for horses 
beforehand (35). The alopecia took into account the total number 
of alopecia which could be defined as hairless spot or scar (35). 
There was no minimum size required to be taken into account, the 
observer looked at the whole body of the horse and noted all the 
alopecia and their localisation. Alopecia located on the horse’s 
equipment areas (e.g., noseband, headpiece, and girth passage) 
were not counted as they were not the result of access to forage, 
freedom of movement, and social interactions with 
other conspecifics.

2.8 Other measures included in the animal 
welfare assessment protocol for horses

We also recorded additional measures (Supplementary Table S2), 
from the Animal Welfare Assessment Protocol for horses (35) beyond 
those previously described. These measures were collected by the same 
observer on the same days as the previous observations. Thus, the 
following environmental measures were assessed: water availability, 
water cleanliness, sufficient quantity and cleanliness of bedding 

TABLE 1 Description of behaviours observed on horse.

Abnormal behaviour Description

Stereotypies Repeated behaviour which has no specific function or goal and does not vary (47). All stereotypies are described in the 

Supplementary Table S1.

Aggressiveness towards human Threats or physical attacks directed towards a human (ears pinned backward sometimes with the mouth open) (31).

Withdrawn behaviour Standing with eyes open, fixed gaze, few or no blinks, eyelids do not droop, and the horse do not respond to external sensory 

stimulus of its environment (31).

Alert behaviour Remaining vigilant in position, with awareness and a raised neck, carefully surveying the environment, occasionally shifting either 

head or ears (48).

Other abnormal behaviours Behaviours described in the Supplementary Table S1 as stereotypies but expressed once as gnawing on the box’s bar, gnawing on the 

feeder, weaving, headshaking, crib-biting, licking on non-food, and tongue rolling.

Ears position in eating 
behaviour

Description

Forward The pinnae of both ears are directed forward.

On the side The pinnae of both ears are directed on the side.

Backward The pinnae of both ears are directed backward.

Asymmetric The pinna of one ear is directed forward or to the side, while the other is directed backward.

Watching behaviour Description

Watching behaviour Standing still with the neck held horizontally or slightly raised, while the ears and neck remain mobile. The horse slowly surveys its 

surroundings by moving its head side to side or briefly looking at environmental stimuli occasionally (34).
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material, and adequate box dimensions. Furthermore, animal-based 
measures were evaluated, including integument alterations, absence 
of swollen joints, lameness and prolapse, hair coat condition, 
discharges, consistency of manure, breathing and absence of coughing, 
absence of horse grimace scale, state of the hoofs and lesions at the 
mouth corners, and a series of human–animal relationship tests.

2.9 Statistical analysis

All statistical analyses were performed using R software (R version 
4.2.3) with a significance level set at a p-value of >0.05.

We used Fisher’s tests (fisher.test function) to check for potential 
collinearity between our variables of interest (access to forage: 
“F-forage,” access to freedom of movement: “F-movement,” access to 
social interaction: “F-social”). Significant associations were found 
between F-forage and F-movement (p-value <0.001), between 
F-movement and F-social (p-value <0.001), and between F-forage and 
F-social (p-value <0.001). A contingency table showing the number of 
horses for each variable was created to give an overview of the 
distribution of each group (Table 2). The purpose was to analyse the 
relationship between the F-variables and the abnormal behaviour 
ratio, the backward ears ratio while foraging, the alopecia score, and 
the watching behaviour ratio (Table 3). Given the collinearity between 
the F-variables, an initial stage of the analysis involved the joint 

examination of the F-variables using a multiple correspondence 
analysis (MCA). The MCA was used on the modalities of the 
F-variables, using the MCA function from the FactoMineR package 
(37). We then performed Spearman’s correlations (cor.test function) 
between the coordinates of individuals on dimension 1 and dimension 
2 of the MCA and the behavioural (abnormal behaviour ratio, 
backward ears ratio while foraging, and watching behaviour ratio) and 
physical (alopecia score) measures.

Then, a more detailed analysis investigates each of the 
F-variables individually, while keeping in mind that these three 
variables are closely related. To compare the behavioural and 
physical measures as the abnormal behaviours, the backward ears 
ratio while foraging, the watching behaviour ratio, and the alopecia 
score between horses with limited access to forage and horses with 
unlimited access to forage, Mann–Whitney tests (wilcox.test 
function) have been used.

To compare whether the level of F-movement and F-social 
affected the behavioural measures (abnormal behaviour ratio, 
backward ears ratio while foraging, and watching behaviour ratio) and 
the physical measure (alopecia score), Kruskal–Wallis rank-sum tests 
(kruskal.test function) were used. Then, to find out between which 
modalities the significant differences were, post-hoc Dunn’s tests 
(dunn.test function) were performed with a Bonferroni correction.

The additional measures from the Animal Welfare Assessment 
Protocol for horses (35) are presented as descriptive analyses. Due to 

TABLE 2 Contingency table presenting the relation between the access to forage (F-forage), freedom of movement (F-movement), and social 
interaction (F-social) of the horses.

F-movement

Box exclusively Mainly in box Pasture or paddock > box

F-forage

Limited 20 8 4

Unlimited 2 14 8

F-social

Visual interaction Possibility to sniff Tactile interaction

F-forage Limited 9 23 0

Unlimited 6 10 8

F-movement

Box exclusively Mainly in box Pasture or paddock > box

F-social

Visual interaction 6 9 0

Possibility to sniff 16 13 4

Tactile interaction 0 0 8

TABLE 3 Results of Spearman’s correlation between the coordinates of Dim1 and Dim2 of the MCA and behavioural and physical variables.

DIM1 DIM2

Variables Rho value p-value Rho value p-value

Behavioural measure Abnormal behaviour ratio −0.56 <0.001 0.07 0.65

Behavioural measure Backward ears ratio while 

foraging

−0.46 0.0044 0.52 <0.001

Behavioural measure Watching behaviour ratio −0.27 0.085 0.42 0.006

Physical measure Alopecia score −0.48 <0.001 0.34 0.02

Bold values indicate those with a p-value < 0.5.
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a lack of variability in the measures, no additional statistical analyses 
were performed on these data.

2.10 Data availability

Data generated and analysed during the study are available in the 
INRAE data repository from the following link: https://doi.
org/10.57745/HLNFN3. Please contact R.P. for any request on the 
data availability.

3 Results

3.1 Descriptive analysis

In terms of access to forage, 57.1% of the horses studied were 
observed to have limited access, while 42.9% were observed to have 
unlimited access. Regarding the level of freedom of movement, 39.3% 
of the horses were living in box exclusively, 39.3% were living mainly 
in box, and 21.4% were living more in pasture or paddock than in the 
box. Concerning social interaction, 26.7% of horses had visual 
interaction with other horses, 58.9% had the possibility of sniffing 
other horses, and 14.2% could experience tactile interaction with 
other horses (Supplementary Table S2).

Out of 40 horses observed using the scan sampling method and 
regarding the abnormal behaviours, 20% performed at least one 
stereotypy, 20% showed aggressiveness towards humans, 2.5% alert 
posture, and no withdrawn posture was observed.

With regard to the environmental measures of the Animal Welfare 
Assessment Protocol for horses (35), it was observed that 100% of 
horses had access to clean water, 88.8% of horses had a sufficient 
quantity of bedding material, 100% had clean bedding material and 
adequate stall dimensions. For the animal-based variables, 100% of 
them did not show swollen joints, signs of hoof neglect, deep wound, 
lesions at mouth corners, prolapse, and ocular, vulva, or penis 
discharge. In addition, 100% showed a healthy hair coat condition, 
normal breathing, and an absence of pain grimace, and 97.9% had an 
optimal body condition score. Only 1.8% had a cough, 10% had a 
slight nasal discharge, and 5.5% of the manure had an abnormal 
consistency. At least one alopecia was found in 97.7% of the horses 
(median = 5.5[IQ1: 4, IQ3:13.25], min = 1, max = 30), 29.1% had at 
least one skin lesion (median = 0[IQ1: 0, IQ3:1], min = 1, max = 3), and 
25% had at least a swelling (median = 0[IQ1: 0, IQ3:0.25], min = 1, 
max = 4). Finally, with regard to the human–animal relationship tests, 
94.4% of horses show no negative signs for the avoidance distance test, 
as well as 89.3% for the voluntary animal approach test and 88.8% for 
the forced human approach test. All the data of the protocol are 
summarised in the Supplementary Table S2.

3.2 Relationships between the F-variables 
and the indicators of welfare

Regarding the MCA results, the first dimension (Dim1) explained 
41.7% of the overall variance, and the second dimension (Dim2) 
explained 27.7% of the overall variance (Figure 1). For Dim1, the 
F-forage was correlated at 0.52, the variable F-movement was 

correlated at 0.76, and the variable F-social was correlated at 0.80. 
Thus, the Dim1 was labelled “Respect for the F-variables”. For Dim2, 
the variable F-forage was correlated at 0.22, the variable F-movement 
was correlated at 0.80, and the variable F-social was correlated at 0.35. 
Thus, the Dim2 represents the weight of F-movement.

The coordinates on Dim1 were significantly and negatively 
correlated with the abnormal behaviour ratio, the backward ears ratio 
while foraging, and the alopecia score. It tends to be correlated with 
the watching behaviour ratio (Table 3). The coordinates on Dim2 were 
significantly and positively correlated with the backward ears ratio 
while foraging, watching behaviour ratio, and the alopecia score but 
not with the abnormal behaviour ratio (Table 3).

3.3 Effect of “forage access” categorisation 
(F-forage)

Percentages of abnormal behaviour were significantly higher for 
horses with limited access to forage compared to horses with unlimited 
access to forage (Figure  2, Mann–Whitney test, W = 121.5, 
p-value = 0.021).

Percentages of ears backward while foraging were significantly 
higher for horses with limited access to forage (Mann–Whitney test, 
W = 246.5, p-value <0.001) compared to horses with unlimited access 
to forage (Table 4). Percentages of watching behaviour were higher for 
horses with limited access to forage (Mann–Whitney test, W = 275.5, 
p-value = 0.04) compared to those with unlimited access (Table 4). The 
alopecia score did not differ depending on the type of access to the 
forage (Mann–Whitney test, W = 300.5, p-value = 0.11, Table 4).

3.4 Effect of “access to freedom of 
movement” categorisation (F-movement)

Percentages of abnormal behaviour differed depending on the 
access level of the F-movement variable (Kruskal–Wallis rank-sum test, 
p-value < 0.001). Horses housed in boxes exclusively showed a higher 
percentage of abnormal behaviour compared to horses living more in 
pasture or paddock than in box (Figure 2, Dunn’s test, p-value < 0.001) 
and horses living mainly in box (Figure 2, Dunn’s test, p-value = 0.005).

Holding the ears back while foraging percentages differed depending 
on the access level of the F-movement variable (Kruskal–Wallis 
rank-sum test, p-value < 0.001, Table 4). Horses living exclusively in the 
box had a higher percentage of backward ears while foraging than horses 
living mainly in the box (Dunn’s test, p-value <0.001, Table 4). There was 
a tendency showing that horses living more often on pasture or paddock 
than in box presented the ears back while foraging less often than horses 
living exclusively in box (Dunn’s test, p-value = 0.07, Table 4) but not than 
horses living mainly in box (Dunn’s test, p-value = 0.29, Table 4).

Watching percentages differed depending on the access level of the 
F-movement variable (Kruskal–Wallis rank-sum test, p-value = 0.01, 
Table 4). Horses living in box exclusively showed a higher percentage 
of watching behaviour than horses living mainly in box (Dunn’s test, 
p-value = 0.006, Table 4) but not with horses living more in pasture or 
paddock than in box (Dunn’s test, p-value = 0.23, Table  4). No 
difference in the watching behaviour percentage between horses living 
mainly in box and horses living more in pasture or paddock than in 
box has been shown (Dunn’s test, p-value = 0.30, Table 4).
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Alopecia scores differed depending on the access level of the 
F-movement variable (Kruskal–Wallis rank-sum test, p-value = 0.001, 
Table 4). Horses living exclusively in box show a greater alopecia score 
than horses living mainly in box (Dunn’s test, p-value = 0.001, Table 4) 
and horses living more in pasture or paddock than box (Dunn’s test, 
p-value = 0.02, Table 4). No difference was found between horses living 
more in pasture or paddock than box and horses living mainly in box 
(Dunn’s test, p-value = 1, Table 4).

3.5 Effect of “access to social interaction” 
categorisation (F-social)

There is a tendency to show that the percentages of abnormal 
behaviour differed depending on the access level of the F-social 
variable (Kruskal–Wallis rank-sum test, p-value = 0.06). Horses 
that had only visual interaction with other horses showed a higher 
percentage of abnormal behaviour compared to horses that could 
experience tactile interaction with other horses (Figure 2, Dunn’s 
test, p-value = 0.031). No difference was found between horses that 
had the possibility to sniff other horses and horses that could have 
visual interaction with other horses (Figure  2, Dunn’s test, 
p-value = 0.38). No difference was found between horses that had 
the possibility to sniff other horses and horses that could have 
tactile interaction with other horses (Figure  2, Dunn’s test, 
p-value = 0.16).

No difference was found between the different levels of the 
F-social variable and behavioural measures as the percentage of 
backward ears while foraging (Kruskal–Wallis rank-sum test, 
p-value = 0.11, Table  4) or the percentage of watching behaviour 
(Kruskal–Wallis rank-sum test, p-value = 0.40, Table 4).

No difference was found either between the social interaction 
levels and the alopecia score (Kruskal–Wallis rank-sum test, 
p-value = 0.25, Table 4).

4 Discussion

High-level sport horses have very unique uses and living 
conditions. They are intensively trained from an early age to maintain 
optimum physical condition, travel extensively around the world to 
compete at the highest level, and are closely monitored by their vets and 
grooms to avoid injuries and optimise their weight. This study shows 
that there exists a large variability among horses regarding their access 
to forage, freedom of movement, and social contact, with some horses 
experiencing a lot of restrictions while other do not, meaning that it is 
possible to respect the needs of horses related to 3Fs while competing 
at a high level. Second, we observed that the fewer restrictions the 
horses experience regarding the 3Fs while in their home stables, the 
better their welfare is, as demonstrated by the indicators we assessed.

4.1 Applying the 3Fs is essential to the 
welfare of high-level sport horses

The significant correlation between dimension 1 of the ACM, 
which can be interpreted as a global indicator of respect for the 3Fs 
variables (access to forage, freedom of movement, and social 
interaction with conspecifics), and the abnormal behaviour ratio, the 
backward ears ratio while foraging, and the alopecia score shows that 
adherence to the 3Fs variables is strongly associated with improved 
welfare indicators in high-level sport horses. Specifically, horses that 

FIGURE 1

Multiple correspondence analysis (MCA) plot of the F-variables. The grey points and numbers correspond to the individuals.
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have greater access to these fundamental needs exhibit fewer abnormal 
behaviours, display more positive emotional states while eating, and 
even show better physical condition as evidenced by less alopecia. The 
detailed analysis of each of the 3Fs variables confirms this result and 
provides more specific insights into the effects of each of them, 
although it is important to keep in mind that these variables 
are interconnected.

Horses with unlimited access to forage exhibited little or no 
abnormal behaviour contrary to those with restricted access. Our 
findings support the main theories on equine feeding practices, 
which state that reducing the time spent eating affects the mental 
health of horses (38). In addition, horses with limited forage held 
the ears backward while foraging more compared than those with 
unlimited forage, which is a sign of a negative emotional state (32) 
and is uncommon to observe in naturalistic conditions (25). 
Finally, the high rate of watching behaviour in horses with limited 
forage could be explained by the fact that the horse’s main activity 

in terms of its time budget is eating (18), so not being able to 
perform this activity must be  disruptive. The high rate of 
observation behaviour may also be attributed to the anticipation of 
the subsequent feed distribution. This is in accordance with the 
findings of the experimental setup, which indicated that this type 
of behaviour is more prevalent during the cue-arrival food phase 
(39). This raises the question of whether these horses, which 
observe their environment with greater frequency than others, at 
the expense of certain other behaviours, such as resting or eating, 
would perform redirected behaviours that could eventually develop 
into alert behaviour, which is an abnormal behaviour (Table 1). 
Unlimited forage is therefore essential for the welfare of high-level 
sport horses.

The second studied variable related to the freedom of movement. 
The more the horses had access to pasture or paddock, the less 
abnormal behaviour they exhibited. This finding is in line with a study 
of daily paddock access, in which horses were released into paddocks 

FIGURE 2

Median value, mean value (crossed circle), and interquartile ranges of the percentage of abnormal behaviour ratio depending on the F-forage: limited 
(N  =  32) or unlimited (N  =  24), on the F-movement: pasture or paddock > box (N  =  12), mainly in box (N  =  22), and in box exclusively (N  =  22), and on the 
F-social: tactile interaction (N  =  8), possibility to sniff (N  =  33), and visual interaction (N  =  15), * p-value <0.05, ** p-value <0.01, and *** p-value <0.001. 
The abnormal behaviour ratio was calculated as the number of abnormal behaviour observations/total observations.
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(4). Letting a horse out freely, even for a short time, can be  very 
beneficial (1, 4, 7, 16, 19, 40). In fact, as little as 1 h a day, 5 days a week 
can already improve a horse’s welfare (4). Furthermore, horses that live 
exclusively in boxes are the ones that show more backward ears while 
foraging. This finding complements what was observed in the study 
where horses released into the paddock every day showed fewer 
backwards ears while foraging than those kept in boxes (4). These 
horses were also more observant than the others. One study showed 
that sport horses showed a higher frequency of standing alert 
behaviour when they were not turned out (8). In our study, we found 
that watching behaviour increased in horses kept exclusively in boxes 
compared to those living mainly in boxes. The positive impact of 
freedom of movement is evident even among high-level horses, 
despite their unique lifestyle.

Finally, our results show that high-level sport horses also need a 
high level of social contact. Our study revealed that horses that could 
only visually interact with other horses exhibited more abnormal 
behaviours than horses that could fully interact with other horses. 
Interestingly, although there are no significant differences, we found 
that horses that were only able to sniff other horses showed more 
abnormal behaviour than all other horses studied. In general, horses 
start by sniffing each other before engaging in social interaction as 
odours are a source of information about other horses (41). However, 
as only being able to smell a conspecific limits social interaction, 
we can question whether there is frustration in not being able to fully 
realise social interaction. Therefore, it would seem to be beneficial for 
the horse to be able to have tactile contact with other horses, even if 
this means partially nibbling each other across the boxes or paddock. 
Our results did not show that horses showed more ears backwards 
while foraging or more watching behaviour depending on the level of 
social interaction available, and this effect was more evident for 
abnormal behaviours.

The high-level sport horses whose living conditions best respect 
the needs for 3Fs (Forage, Freedom, and Friends) are those that show 
little to no signs of poor welfare. Compared to the other variables, 
social interaction has a slightly lesser impact. However, we believe this 
is related to the characteristics of our study population: Indeed, 
we have few horses with full access to conspecifics. With a different 
sample, with more horses that could have tactile interaction with 
conspecifics, this variable might have shown a greater impact. In 
conclusion to this first part, respect for the 3Fs is therefore essential 
for the welfare of these horses when they are in their stables.

4.2 Assuring the 3Fs is possible for 
high-level sport horses

Respect for 3Fs seems both necessary and possible. In fact, our 
study revealed that high-level stables already respect the 3Fs. Our 
study, based on voluntary sampling rather than probabilistic sampling, 
does not allow us to generalise the obtained proportions to the entire 
high-level equestrian sector. However, it does demonstrate that it is 
possible to reconcile adherence to 3Fs with competing at the highest 
level, including at the Olympic Games. In fact, some of the horses in 
our study whose living conditions complied with the 3Fs even won 
medals at the Paris 2024 Olympic Games. Moreover, the strong 
collinearity we found between the variables access to forage, freedom 
of movement, and social interaction with conspecifics shows that 
stables that respect one of these criteria also respect the other two. This 
suggests that it is possible to respect the 3Fs in the management of 
stables for high-level sport horses, yet this was not in evidence when 
talking to professionals in the equestrian world.

When it comes to forage, one of the arguments against unlimited 
access is often the fear that horses will gain too much fat. However, in 

TABLE 4 Relationship between behavioural and physical measures according to the F-variables.

F-forage Behavioural measures Physical measure

Abnormal behaviour 
ratio

Backward ears ratio 
while foraging

Watching behaviour 
ratio

Alopecia score

Limited forage 0 [IQ1: 0, IQ3: 4]a 0 [IQ1: 0, IQ3: 5]a 12.5 [IQ1: 7.47, IQ3:21.21]a 6 [IQ1: 4, IQ3: 13.5]

Unlimited forage 0 [IQ1: 0, IQ3: 3.75] 0 [IQ1: 0, IQ3: 5] 12.5 [IQ1: 7.62, IQ3: 20.6] 6 [IQ1: 4, IQ3: 13.5]

F-movement Behavioural measures Physical measure

Abnormal behaviour 
ratio

Backward ears ratio 
while foraging

Watching behaviour 
ratio

Alopecia score

Pasture or paddock > box 0 [IQ1: 0, IQ3: 3.75]b 0 [IQ1: 0, IQ3: 5] 12.5 [IQ1: 7.62, IQ3: 20.6] 6 [IQ1: 4, IQ3: 13.5]b

Mainly in box 0 [IQ1: 0, IQ3: 3.88]b 0 [IQ1: 0, IQ3: 5]b 12.18 [IQ1: 7.54, IQ3: 19.62]b 5 [IQ1: 4, IQ3: 13]b

Box exclusively 0 [IQ1: 0, IQ3: 4.06] 0 [IQ1: 0, IQ3: 5] 12.82 [IQ1: 7.15, IQ3: 21.24] 7 [IQ1: 4, IQ3: 14]

F-social Behavioural measures Physical measure

Abnormal behaviour 
ratio

Backward ears ratio 
while foraging

Watching behaviour 
ratio

Alopecia score

Visual interaction 0 [IQ1: 0, IQ3: 4]c 0 [IQ1: 0, IQ3: 5] 12.5 [IQ1: 7.47, IQ3: 20] 15 [IQ1: 3.75, IQ3: 13.25]

Possibility to sniff 0 [IQ1: 0, IQ3: 4] 0 [IQ1: 0, IQ3: 5] 12.5 [IQ1: 7.47, IQ3: 21.21] 6 [IQ1: 4, IQ3: 13.5]

Tactile interaction 0 [IQ1: 0, IQ3: 3.88] 0 [IQ1: 0, IQ3: 5] 12.5 [IQ1: 7.47, IQ3: 21.21] 5 [IQ1: 4, IQ3: 13.5]

For the F-forage part: Mann–Whitney test, median [Interquartile 1, Interquartile 3]. If followed by the upper case “a” (e.g., median [IQ1, IQ3]a), it indicates a significant difference with horses 
with unlimited access to forage. For the F-movement and the F-social parts: Kruskal–Wallis rank-sum tests, median [Interquartile 1, Interquartile 3]. If followed by the upper case “b” (e.g., 
median [IQ1, IQ3]b), it indicates a significant difference with horses living in box exclusively. If followed by the upper case “c” (e.g., median [IQ1, IQ3]c), it indicates a significant difference with 
horses that have the opportunity to fully interact with other horses.

https://doi.org/10.3389/fvets.2024.1504116
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org


Phelipon et al. 10.3389/fvets.2024.1504116

Frontiers in Veterinary Science 10 frontiersin.org

our study, unlimited access to hay did not appear to have an effect on 
the body fat mass of elite sport horses, whereas hay restriction is 
known to have many negative consequences for the horse (10, 11, 42). 
This may be explained by the fact that high-level sport horses are 
involved in intensive sporting activity and are therefore less likely to 
gain weight. In the light of these findings, we therefore promote access 
to hay ad libitum for high-level sport horses.

One of the most interesting findings is the fact that horses living 
exclusively in boxes are the most injured (in terms of alopecia scores) 
compared with those living mainly in boxes and those living more in 
pastures or paddocks. This is a surprising result as it is generally thought 
that the opposite is true and that horses that are allowed to go out freely 
are the most likely to be injured. Indeed, this is one of the arguments for 
maintaining horses in boxes (43). However, one study demonstrated that, 
rather than age and sex being the primary factors influencing the 
incidence of injury, the breed had a more pronounced effect, thus 
suggesting that horses can be effectively maintained in groups comprising 
individuals of varying age and sex (44). Movement is essential for the 
welfare of the horses, and not providing this need can cause stress (4). It 
is therefore possible that the effect of living exclusively in a confined space 
could lead to an increase in the incidence of self-inflicted injury of these 
horses when they are expressing abnormal behaviours compared to 
horses that have the opportunity to move freely outside.

Our results also showed no difference in the body condition 
scores depending on the condition in which the horses are housed. 
Access to grass in the paddocks and pastures does not lead to greater 
weight gain. This finding is therefore an argument in favour of greater 
access to freedom of movement outside work, training, or exercise 
times for high-level sport horses.

Because of their value, sport horses are generally housed alone 
because of the risk of injury to each other. However, in our study, 
we found that the level of social contact had no impact on alopecia 
scores. This may be  a reflection of the attention paid by the staff 
around these horses knowing the affinities between each horse. New 
systems are now possible to encourage this type of interaction, even 
for stallions that are usually isolated, such as converting boxes into 
social boxes (45). These devices enable horses to remain in individual 
accommodation but still have close tactile social contact with their 
neighbouring conspecifics when they want to.

Finally, the level of social interaction did not have an effect on the 
body condition score. As in some studies, isolation would lead to less 
feeding behaviour (20), a lower body condition scores for horses that 
only had visual interaction with others could have been observed. As 
the collinearity of our three variables was very strong, the horses that 
had only visual interaction were also the ones that were restricted in 
forage. In general, horses with limited access to forage are those that 
are fed high-concentrate diets (46), which may explain why there is no 
difference in their weight.

It should be noted that the present study was conducted with some 
limitations. As it was a field study, no reliability was conducted on the 
collected data due to time constraints at the private stables. In addition, 
the behaviour of the horses was observed on 1 day in their usual 
environment, which could have included the horse being in a box, 
paddock, or pasture. However, the findings of the study are nevertheless 
worthy of consideration. It is therefore necessary and possible to comply 
with the 3Fs as extensively as feasible with regard to high-level sport 
horses as they considerably enhance the level of welfare. The importance 

of the 3Fs must therefore be communicated as widely as possible to the 
institutions, organisations, and people involved in the equestrian industry 
including some key recommendations. It is therefore important to ensure 
that the fundamental needs of the sport horse, represented by the 3Fs, are 
met. This can be achieved by providing the horse with ad libitum forage 
throughout the day, allowing for daily extended periods of turnout outside 
of work, and ensuring that the horse has daily social interaction with 
its peers.
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