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REVIEW ARTICLE                                           

A review of horse welfare literature from 1980 to 2023 with a text mining 
and topic analysis approach

Beatrice Benedetti , Martina Felici , Leonardo Nanni Costa and Barbara Padalino 

Dipartimento di Scienze e Tecnologie Agro-Alimentari, Universit�a di Bologna, Bologna, Italia 

ABSTRACT 
Animal welfare protection is a challenge for which policy-makers are demanding scientific-based 
evidence. Considering horses, the challenge is even greater, as their role in society varies from 
production to companion animals. This review aimed to describe the evolution and geograph-
ical distribution of horse welfare literature over the years, to identify the most studied research 
topics and to highlight the still present gaps in knowledge. A search on ScopusVR bibliometric 
database was performed using different welfare-related keywords. Predetermined filters were 
posed on time range, language and subject area. A total of 6584 records were downloaded and 
screened retaining only the ones dealing with horse welfare and behavioural sciences. 
Descriptive statistics, text mining (TM) and topic analysis (TA) were performed on the abstract of 
801 eligible records. The results showed the number of studies on horse welfare is exponentially 
increasing, especially in the European continent. ‘Transport’ was the most frequent word, but 
also ‘behaviour’ and ‘pain’ emerged. Nine topics were identified and covered different subject 
areas: stress analysis, pain assessment, equitation science, human–horse interactions, breeding 
management, transport, working equids and health. The evaluation of stress and pain, horse 
social behaviour and the human–horse relationship resulted to be the most studied aspects 
related to animal welfare. On the contrary, the concept of positive welfare and the welfare 
assessment at slaughter of horses were underrepresented, confirming the limited literature on 
these subjects. This review confirmed the growing impact of research on horse welfare and 
highlighted how some important areas still do not provide sufficient scientific evidence.

HIGHLIGHTS 

� Analysis of the literature related to horse welfare was performed using text analysis techni-
ques to identify trends in words and research topics.
� Results showed that the literature on horse welfare has exponentially grown in the last 43 

years, especially in Europe.
� The most studied topics were stress and pain, while studies on the welfare at slaughter and 

positive welfare indicators were scant.
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Introduction

Interest in animal welfare has been growing in recent 
decades. Studies were driven initially by ethical con-
cepts and popular empathy and later by economic 
and political interests that have increased around this 
topic (Lesimple 2020). Society progressively demands 
scientific-based evidence to define objective and 
quantifiable parameters to measure the welfare of ani-
mals and to provide solutions to major animal welfare 
issues (Ohl and Van der Staay 2012). Historically, 

welfare concerns started with Ruth Harrison’s Book 

and continued with the subsequent Brambell report 

and the first animal protection legislation (Brambell 

Committee (Report) 1965; Harrison 2013). This need 

was raised to protect livestock from the damage 

caused by intensive farming (Woods 2012). From this 

starting point, the concept of welfare evolved over the 

years. Initially, welfare was considered as the absence 

of negative aspects, measured with environmental and 

resourced parameters (Lawrence et al. 2018). Indeed, 
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in the Brambell report, an animal which was free from 
hunger and thirst, discomfort, fear, pain and diseases, 
and with the possibility to express normal behaviour 
was considered an animal in a good state of welfare 
(Brambell Committee (Report) 1965; Webster 2001). 
Following this important statement, policy-makers 
started to propose legislation on animal protection 
based on the minimal requirement to be accom-
plished to protect animal welfare. Then, over the 
years, researchers started to develop a new and more 
complete welfare concept, no longer based only on 
the absence of negative conditions, but inclusive of 
positive emotions (Mellor and Beausoleil 2015). 
Pioneering in this process, the ‘Five Domains Model’ is 
the first one to address the importance of assessing 
welfare using positive indicators (Mellor and Reid 
1994). With this approach, a good welfare status is not 
only when there are no negative conditions but when 
the animal has a life worth living (Green and Mellor 
2011). From then on, more emphasis has been placed 
on identifying positive aspects of welfare (Lawrence 
et al. 2018).

Over the years, the concept of welfare has been 
applied to other species in addition to livestock ani-
mals. In this context, horses tend to be one of the 
most difficult species to evaluate. Indeed, comparing 
to other species, there is a difficulty in the standardisa-
tion of the environmental and farming conditions to 
which the horse is subjected (Hausberger et al. 2020). 
Moreover, horses are considered one of the most ver-
satile species, inclined to be sport, companion, work 
and farm animals (Dalla Costa et al. 2016). Precisely 
because of this multiple role, up to date, laws on the 
protection of horse welfare are less developed than 
for other species, with only guidelines present in some 
countries. Moreover, some laws are limited and not 
exhaustive as they often put horses together with 
other livestock animals, not considering their different 
needs related to their multiple uses in society 
(Fletcher et al. 2022).

Considering the exponential growth of scientific 
research publications in recent years, it has become 
necessary to find new methods to approach and 
screen all these documents (Rodrigues et al. 2014). In 
fact, bibliometrics was successfully applied to medical 
area enabling to analyse a vast amount of documents 
and their main information/characteristics on both a 
macroscopic and microscopic level, and it has been 
suggested as a valuable new approach (Tejasen 2016; 
Kokol et al. 2021). Text mining (TM) is a technique 
that converts text into numeric information to study 
the words’ frequency distribution and the associations 

among the most frequent words (Sebastiani 2002) 
while topic analysis (TA) is a method to discover 
semantic connections hidden in records, or in general 
in textual data (Blei 2012). These techniques, even 
when used on small datasets, can serve in screening 
and finding out which topics are most studied in a 
specific research area without reading deeply all the 
literature documents (Kokol et al. 2022). TM and TA 
have recently been applied to analyse the subject of 
beef cattle welfare (Nalon et al. 2020). To date, these 
methods have still not been applied to horse welfare 
literature. For this reason, this review aimed to deepen 
horse welfare-related topics through TM and TA tech-
niques, in order to describe the literature evolution 
and geographical distribution, to identify the most 
studied research topics, and to highlight the gaps in 
knowledge. In that manner, this review serves aca-
demics as state of art, helping them to develop a per-
spective on trends in the welfare-related research 
area.

Materials and methods

Data set

On the 21 March 2023, a literature search on horse 
welfare-related topics was conducted. The bibliometric 
database of Elsevier#, namely ScopusVR , was used. The 
research team set up a search protocol and decided 
the keywords to use. In particular, the final keywords 
were ‘horse welfare’, ‘equine welfare’, ‘foal or mare or 
stallion welfare’, ‘horse transport’ and ‘horse slaughter’. 
Year range was set from 1980 onwards. English lan-
guage and selected subject areas (Supplemental 
material, File S1) were set before starting the search. 
Each keyword sequence resulted in a number of 
records that were then downloaded. Data extracted 
from the identified records were merged and collected 
on a commercial data sheet (Microsoft ExcelVR , version 
16.0, Redmond, WA) for further analysis. The final 
spreadsheet contained each record as a row and its 
information in columns. The information included the 
title, the authors, the affiliations, the abstract, the year 
of publication, the type of record (e.g. research article 
or review) and the source of publication (e.g. journal 
title). On this final dataset, some automatic exclusions 
were performed. In particular, records that did not 
contain information about the authors, the abstract, 
the source or the type of record were excluded. 
Moreover, records classified as erratum or retracted 
were excluded. Finally, the same records (i.e. dupli-
cates) obtained several times by entering different 
keywords were deleted. After this automatic screening, 
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one reviewer independently screened all the records 
collected in the dataset, looking carefully at the title 
and the abstract of each record. During this process 
records were selected for their eligibility for final inclu-
sion. Criteria of inclusion were represented by records 
that dealt with Equidae welfare and behavioural sci-
ence, while excluded records related to different spe-
cies or topics (e.g. genomics, infectious diseases and 
molecular biology). Records that studied equids in gen-
eral (horses, donkeys and mules) were maintained, 
while records that included other species (e.g. cows 
and pigs) were excluded. Records considered not eli-
gible were directly excluded. Those records that were 
deemed difficult to categorise were reviewed by a wel-
fare expert to be either definitively included or deleted. 
Information about the exact number of records down-
loaded from each research string, the preliminary 
screening and the eligibility process are shown in the 
flow chart (Figure 1). Each record was associated with a 
nationality that was extrapolated from the country or 
geographical region of the affiliation of the correspond-
ing author and, where not present, of the first author. 
The European nationality was attributed to the records 
belonging to the European continent. Descriptive statis-
tics on year, country of publication and type of record 
were performed to profile the scientific corpus using 
Excel Pivot tables and graphics.

Text mining

A separate Excel sheet which included two columns, 
namely ‘progressive ID’ and ‘abstract’ was prepared for 
the TM analysis. Since some words in the corpus of 
records were spelt either in American and British 
English, the authors decided to standardise the corpus 
of documents using only British English. In particular, 
the word pairs involved in this handling process were 
behaviour-behaviour, analyse-analyse, program-pro-
gramme. Hence, a TM analysis was performed on the 
abstracts of the included records. The TM analysis was 
performed in R environment (R Foundation for 
Statistical Computing, Vienna, Austria. URL, https:// 
www.R-project.org/) using a combination of functions 
in the packages ‘tm’, ‘SnowballC’, ‘ggplot2’, ‘dplyr’ and 
‘tidyverse’. Several pre-processing steps, listed in Table 
1, were performed as described in the literature 
(Sebastiani 2002). Researchers decided to remove the 
stopwords ‘horse’, ‘horses’, ‘equine’, ‘equid’, ‘equids’, 
‘animal’, ‘animals’, ‘welfare’, ‘test’, ‘time’, ‘group’, 
‘groups’, ‘study’, ‘studies’, ‘significant’, ‘significative’, 
‘significantly’ and ‘significance’, and to perform the text 
stemming of the scientific corpus. The next step was to 

build a matrix that contains the records along the rows 
and the terms along the columns, the so-called docu-
ment-term matrix (DTM). The term frequency-inverse 
document frequency technique (TFIDF) was used to 
weigh the words (Salton and Buckley 1988). The words 
which have an impact, so arbitrarily chosen by the 
researchers looking at the weight of each word with a 
TFIDF � 6, were represented as histogram and word-
cloud (https://www.wordclouds.com/) in which a bigger 
character size indicates a higher TFIDF value. 
Associations with a correlation grade �0.3 among all 
the terms of the corpus and the impact terms (TFIDF �
6) were identified. In particular, associations were calcu-
lated by measuring the frequency with which two 
words appear together considering that if two words 
always appear together the correlation is 1 and if they 
never appear together the correlation is −1.

Topic analysis

The TA approach of Latent Dirichlet Allocation (LDA) 
(Wang et al. 2016) has been applied to pursue TM 
to the abstract corpus. A Bayesian probabilistic 
approach was used to discover different thematic 
topics from words that tend to occur together in 
the document. LDA function with Gibbs sampling 
option of the ‘topicmodels’ package in R was used 
(Gr€un and Hornik 2011). The R library ‘tidytext’ was 
used to represent the graphic of the 15 most com-
mon words of each topic and their relative probabil-
ity of belonging to that topic (beta value). The 
number of topics was fixed before starting the TA. 
However, since the ‘ideal’ number is in general not 
known, several trials with different numbers of 
topics (i.e. six, nine and twelve) were performed 
and, with a consensus among the researchers, the 
two most indicative panels were chosen. To com-
pare these two final panels and decide which one 
was the most indicative, the baloonplots technique 
was used using the R library ‘ggpubr’. Once the final 
number of topics was chosen, the researchers 
decided on a label representing each topic, first 
independently and then discussing together to 
achieve a final consensus for naming each topic. 
Descriptive statistics on the number of papers and 
the first year of publication of each topic were per-
formed using Excel. Finally, since the topics numer-
ation given by R is random, the cumulative 
probability (cp) of the first 15 words of each topic 
was calculated to classify the topics statistically and 
numbered them accordingly.
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Results

Descriptive statistics

Considering the 801 records retained for analysis and 
their year of publication, there was an exponential 
increase in the total number of records published per 
year (Figure 2). Between 1980 and 1990 only a record 
per year was published while from 2010 till the pre-
sent this number varies from 22 to 77 per year. In 
2023 (until the 21 March, when the search was per-
formed) the total number of records was 22; but this 
is likely to quadruplicate at the end of 2023. The cor-
responding author of the analysed records was based 
mainly in Europe, with a higher rate in the United 

Kingdom (UK), Italy and France (Figure 3). Research 
articles represented the most common type of paper 
(86.4%; 692/801) followed by reviews (9.7%; 78/801), 
conference papers (1.6%; 13/801), book chapters (0.9% 
7/801) and others (1.4%; 11/801).

Text mining

After the pre-processing and the removal of the sparse 
words, the final number of word roots resulted in 
1341. The weights of the terms found (calculated as 
TFIDF) ranged from 14.43 to 0.38. The completed list 
of the first 200 words and their relative weight is 

Figure 1. Flow chart of the scientific literature on the number of records found with each keywords sequence and the number of 
final records included in the review. The number of records excluded and reasons for exclusion are represented by the dashed 
lines. Examples of not-relevant topics were genomics, infectious diseases, and molecular biology; while not-relevant species were 
every species different from equids.
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presented in the Supplemental materials (File S2). The 
most relevant words according to the TFIDF pondera-
tion system (TFIDF � 6) are represented with a histo-
gram and a wordcloud (Figure 4). Table 2 shows the 
correlations found between the most relevant words 
(TFIDF � 6) and the other words of the matrix. The 
words ‘train’, ‘mare’, ‘condit’, ‘respons’, ‘measur’, 
‘problem’, ‘stabl’, ‘differ’, ‘manag’, ‘treatment’ and 
‘observ’ showed no significant correlation (with correl-
ation grade � 0.3) with other words.

Topic analysis

Figure 5 shows the BalloonPlot made to select the 
optimal panel of number of topics between six and 

nine possible topics. Figure 6 represents the histo-
grams of the first 15 words of the chosen nine topics, 
which were considered as the optimal panel of topics. 
Table 3 shows the labels that were given by the 
authors to each of them. The distribution of the 
records according to the research topic was indicated 
in an Excel sheet (available on request to the corre-
sponding author). The TA performed with six and 
twelve a-priori numbers of topics are instead shown in 
the Supplemental materials (Files S3 and S4). The enu-
meration of the topics from 1 to 9 was based on the 
cumulative probabilities (cp) of the weight of the 15 
most relevant words in each topic.

Table 3 shows for each of the nine topics, the 
cp, the chosen label, the total number of papers 

Table 1. Name and description of the pre-process steps done before starting the text mining analysis on the corpus of 801 
records selected for inclusion in the review.
Pre-process step Description

Convert the text to lowercase all capital letters found in the corpus are converted into lowercase letters
Remove strange symbols Strange symbols and fonts such as ‘@’, ‘/’ or ‘�’ are removed and substituted by a white space
Remove punctuations Punctuation marks present in the corpus are removed and replaced by a white space
Remove English stopwords English common language words such as articles prepositions and conjunctions are removed (e.g. ‘the’, ‘a’, 

‘and’, ‘on’, ‘at’, etc … ) as they provide little information about the contents of the corpus.
Remove your stopwords Remove words chosen by the reviewers which might be very common in the corpus as they are the ones 

from which the search started (keywords) or are words related to statistics. These words, if included, will 
give poor discriminative information due to their presence in almost all abstracts retrieved (Wang et al.. 
2016).

Remove numbers Numbers present in the corpus are removed and replaced by white space.
Remove extra white spaces Extra white spaces formed at the end of the previous processes are removed.
Text stemming Reduce the words to their root form simplifying the words to their common origin: e.g. ‘programming’, 

‘programs’ and ‘programmers’ can be reduced all to the word ‘program’.

Figure 2. Distribution of the number of 801 records selected for inclusion in the review per publication year (1980–2023). the 
dashed red line represents the exponential trend. � on the year 2023 indicates that results for that year are related to the period 
from January to March.
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and the year when the first record related to that 
topic was published. The topics studied the longest 
were ‘human-horse interactions’ (Topic 9) and 
‘breeding management’ (Topic 4), while the most 
recent topic was ‘equitation science and horse-rider 
relationship’ (Topic 3), followed by ‘working horses’ 
welfare’ (Topic 6) and ‘pain and mental state evalu-
ation’ (Topic 2).

Discussion

This review allowed to deeply analyse the type of 
studies conducted on horse welfare in the last 43 years 
by applying TM and TA techniques. Thanks to the pre-
sent review, it was possible to understand the subject 
and the topics that have had more scientific attention, 
and the ones that still need to be investigated. The TA 

Figure 3. Panel A indicates the pie chart with the distribution of 801 records selected for inclusion in the study by regions and 
subregions. Panel B represents the distribution of the included number of records by each European country. The countries are 
based on the nationality of the corresponding authors.

Figure 4. Panel A shows the histogram of the most relevant words (TFIDF � 6) of 801 records selected for inclusion in the study 
and their respective weights. Panel B shows the wordcloud representing the same words. The size of the words is proportional to 
the weight they have in the corpus.
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captured some themes of known relevance, but also 
more hidden topics, such as the welfare of working 
horses and horse-rider interaction. However, it is 
important to underline that more recent or of less 

scientific interest themes may not have been discov-
ered by the technique.

The number of papers related to horse welfare 
topic is growing exponentially. This confirms an 
increasing interest in all areas of welfare, in line with 
the history of this subject. Starting from the 1990s, sci-
entists agreed on the definition of animal welfare and 
its measurability, transforming it into a scientific con-
cept (Broom 2011). From the 1990s an increase in the 
publication of papers on horse welfare was noted. 
Interestingly, even though horses are not exclusively 
considered production animals, attention to their wel-
fare has grown in parallel with other livestock species 
(e.g. beef cattle) (Nalon et al. 2020). Although it was 
initiated and desired primarily for livestock, the need 
to provide animal welfare has also grown for other 
species that were not strictly production species, such 
as horses. From the descriptive statistics, Europe was 
the most common geographical area where the 
papers came from. This confirms the pioneering and 
driving role that this continent has played in the field 
of animal protection and welfare promotion. As 

Table 2. Associations between the most relevant words 
(TFIDF � 6) and the other words present in the corpus of 
801 records selected for inclusion in the review.
Words (TFIDF � 6) Words associated (grade of correlation �0.3)

Transport road (0.49); unload (0.33)
Behaviour stereotyp (0.33)
Pain scale (0.57); facial (0.39); recognit (0.31)
Stress salivari (0.36)
Assess tool (0.35); protocol (0.32)
Work lesion (0.32)
Rider accid (0.37)
Cortisol salivari (0.56); concentr (0.48); metabolit (0.46); 

saliva (0.37)
Foal wean (0.41); separ (0.37)
Owner euthanasia (0.3)
Rate heart (0.83); forward (0.30)
Increas decreas (0.37)
Level basal (0.33)
Indic awin (0.33)

The grade of correlation is written between brackets. The minimum grade 
of correlation was set �0.3. Words can be partially cut because of the 
text-stemming process that reduced the words to their roots.

Figure 5. Balloon plot between six topics and nine topics calculated using 801 records selected for inclusion in the study. In the 
y axis, the six topics choice is represented. In x axis, the nine topics choice is represented.
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expected, articles came mainly from horse culture 
countries, such as the UK, Italy, France and Germany. 
In fact, the 2015 European Equestrian Federation (EEF) 
report shows that these four nations have the largest 
number of sport horses in Europe (EEF 2015). 
Moreover, the UK has been considered the mother-
land of animal welfare (Brambell Committee (Report) 
1965; Harrison 2013). The interest and sensitivity of 

British researchers towards this topic is therefore very 
high. Nevertheless, it is important to emphasise that 
the minor role of the other countries, highlighted in 
the analysis, could be mainly due to a lack of funding, 
infrastructures and access to horses and not to their 
minor interest in animal welfare. Furthermore, nation-
ality was based only on the affiliation of the corre-
sponding author and this could have been a bias; 

Figure 6. Histograms indicating the most frequent 15 words within the nine topics (term) of 801 records selected for inclusion in 
the study. Beta indicates the relative probability of each term belonging to that topic.

Table 3. Numbers and names (label) of the nine topics revealed with topic analysis of 801 records selected for inclusion in the 
review.

Number of the topic
Cumulative 

probabilities Label of the topic
Number of 

records per topic

Year of the 
first publication 
within the topic

1 0.439 Stress indicators and responses 109 1993
2 0.362 Pain and mental state evaluation 84 1997
3 0.359 Equitation science and horse–rider relationship 90 2001
4 0.359 Breeding management 116 1986
5 0.315 Equine health and management 109 1993
6 0.312 Working horses’ welfare 54 1998
7 0.286 Transport practices and problems 84 1992
8 0.283 Equine research and data collection 51 1996
9 0.224 Human–horse interactions 104 1982

Number of records included in each topic, and first year of publication. The final labels have been chosen with the consensus of the researchers.
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some studies could have been carried out overseas 
but with European researchers as corresponding, and 
being attributed to Europe.

‘Transport’, ‘behaviour’ and ‘pain’ were the three 
most frequent words (with higher TFIDF weight). 
Indeed, transport has always been considered a wel-
fare concern and studies have been conducted to find 
out the best transport conditions for horses trans-
ported to different locations, including slaughter-
houses (Padalino 2015). The word ‘behaviour’ was 
certainly one of the most recurrent in welfare studies 
as behaviour was analysed in multiple situations, such 
as during transport, farming, training and horse- 
human interactions to measure the welfare of the 
horses (Cooper and Mason 1998; Rivera et al. 2002; 
Padalino 2015). Not surprisingly, ‘pain’ has also been a 
very studied subject; Pain was initially studied in rela-
tion to its management in clinical situations such as 
post-surgery (Gaynor and Muir 2014). In recent deca-
des, pain has become more explicitly related to wel-
fare, with the development of pain scales including no 
more clinical but mainly behavioural parameters (Dalla 
Costa, Minero, et al. 2014). These scales could be used 
by non-veterinarians and for the purpose of welfare 
assessment (Lanci et al. 2022). Hence, it is reasonable 
that the main words identified with TM are related to 
these welfare aspects.

These terms have also been raised by the LDA ana-
lysis and constitute the core of some of the topics 
found. The nine topics identified included different 
aspects of welfare, such as health, behavioural prob-
lems, pain and management. This confirms the multi-
disciplinarity of welfare and how the concept of 
welfare itself is broad. The themes found are easily 
referable to the four principles of good feeding, good 
housing, good health and appropriate behaviour out-
lined in the Welfare Quality protocol (Dalla Costa, 
Murray, et al. 2014). According to the cumulative prob-
abilities, the statistically most important topic was 
‘stress indicators and horses’ responses’. Stress has 
been considered a major welfare impairment for a 
long time (Budzy�nska 2014). Horses can cope with 
stress through behavioural and physiological 
responses, such as changes in form and frequency of 
certain behaviours, changes in heart rate and heart 
rate variability, and hormone release, such as cortisol 
and catecholamines (Schmidt et al. 2010; Mills and 
Nankervis 2013). With these bases, researchers looked 
for these changes to measure stress and tried to find 
ways to reduce it when present. However, the assess-
ment of stress is not simple, as an important role is 
played by animal’s intrinsic ability to cope with the 

environment which may result in different grades of 
stress (Koolhaas et al. 1999).

Topic 1 ‘stress indicators and horses’ responses’ 
included records with a scientific focus on the behav-
iour of horses in various stressful situations such as 
transport (Schmidt et al. 2010) and exercise (Kang and 
Lee, 2016). In addition, some records focused on find-
ing different solutions to reduce stress, especially 
housing-related ones. In particular, recent articles have 
evaluated the effects of massage and music 
(KeRdzierski et al. 2017) and slow feeder hay bags in 
stabled horses (Correa et al. 2020). The weaning phase 
has also been analysed, looking for the least stressful 
method of separation for both mare and foal (Moons 
et al. 2005; Merkies et al. 2016; Delank et al. 2023). 
This important welfare theme was also raised by the 
association found between the word ‘foal’ and ‘wean’ 
and ‘separ’. Finally, it is interesting to note that 
although there are already validated methods for 
stress assessment, researchers are continually search-
ing for new, more welfare-friendly indicators. For 
example, it is no longer necessary to take blood corti-
sol, which can cause additional stress during sampling 
(Strzelec et al. 2011), because salivary and hair cortisol 
are also highly reliable (Peeters et al. 2011; 
Sauveroche et al. 2020). Confirming the increase in 
studies using salivary cortisol, the TM technique found 
an association between the words ‘stress’ and 
‘salivary’. Moreover, recently other indicators such as 
body surface temperature, measured with a thermal 
imaging camera (de Mira et al. 2021), or eye blinking 
(Merkies et al. 2019) are being evaluated to determine 
their accuracy for this purpose.

Topic 2 ‘pain and mental state evaluation’ was the 
second most important topic identified with the 
cumulative probabilities. It is interesting to note that 
this topic encloses papers related to two different sub-
jects, one related to the negative state of pain that 
horses can experience during their life, and the other 
related to the analysis of the horses’ mental state. The 
study of pain is founded on the need to recognise, 
measure and reduce it. However, the recognition of 
pain is challenging in horses mainly because as prey 
species they tend to hide pain-related behaviours 
(Taylor et al. 2002). Thus, similarly to what described 
above for stress parameters, researchers are finding 
the most sensitive and accurate indicators to identify 
and recognise even small states of pain. In particular, 
the majority of protocols involve the use of pain 
scales, which can include facial expressions (Dalla 
Costa, Minero, et al. 2014), behaviours and postures 
(Bussi�eres et al. 2008). In the last few years, to try to 
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increasingly objectify pain assessment, Andersen and 
colleagues have also considered the use of machines 
(Andersen et al. 2021). Recently, the ridden horse pain 
assessment was developed and 24 behaviours were 
found to be indicative of pain in these horses (Dyson 
2022). The second focus of this topic is the evaluation 
of horses’ emotions and mental states. Emphasising 
the importance of positive emotional states in the 
analysis of welfare was the first step to transforming 
welfare assessment from the absence of negative 
states to the presence of positive ones. Indeed, in the 
‘Five Domains Model’ (Mellor et al. 2020), the mental 
state of the animals became one of the parameters to 
be assessed focusing on positive emotional states 
(Mellor and Beausoleil 2015). Negative behaviours and 
emotions can greatly reduce the horse’s welfare, thus 
mental state is included in the welfare principle of 
‘appropriate behaviour’ (Dalla Costa, Murray, et al. 
2014). Moreover, the TM system found an association 
between the word ‘behaviour’ and the word root 
‘stereotyp’, as stereotypy is an animal-based measure 
used in the assessment of appropriate behaviour. 
However, stereotypies have been a subject of debate 
for their controversial role as welfare indicators. In 
fact, a stereotypy certainly develops in situations of 
poor welfare, but it can easily become similar to a scar 
and be not anymore linked with the original stressor 
(Henderson 2007; Hothersall and Casey 2012).

The third interesting topic that emerged from the 
analysis was ‘equitation science and horse-rider rela-
tionship’. Within this topic, different training methods 
are critically analysed in light of the welfare impair-
ment they can cause (Polito et al. 2007; McGreevy and 
McLean 2009). Other more general aspects of human– 
horse relationships were identified in Topic 9 ‘human- 
horse interactions’, which, even though resulted to be 
the last important topic considering cp, is one the 
most ancient. In fact, human–horse relationship has a 
long history and has changed over time. While the 
horses were initially domesticated for their meat, their 
role has rapidly changed, becoming more and more 
work, companion and sport animals (Digard 1999). 
This mixed role results in interactions with people of 
different degrees of experience, from non-professional 
riders to professional breeders, caretakers, and veteri-
narians (Hausberger et al. 2008). Despite this differ-
ence in experience, horse-related accidents do often 
occur to both professional and non-professional horse 
people (Hausberger et al. 2008). In any case, an inter-
specific misunderstanding has been found to be the 
main reason for these horse-related human injuries 
(Thompson et al. 2015). It is worth highlighting that 

the TM technique found an association between ‘work’ 
and ‘lesion’ and between ‘rider’ and ‘accident’. For this 
reason, there is a real need to understand how to 
communicate with horses and develop a better rela-
tionship with them (Hausberger et al. 2008). For 
instance, human body language when interacting with 
horses has been widely studied (Ladewig 2019). 
Moreover, the use of horses for horseback riding has 
gained more and more relevance, and so has the lit-
erature about welfare concerns related to riding, con-
firming why Topic 3 revealed to be the third most 
important one.

The fourth topic in order of importance considering 
the cumulative probabilities is ‘breeding management’. 
The words inside the topic include concepts related to 
the management of the different reproductive catego-
ries and their main issues (e.g. ‘mare’, ‘social’, ‘foal’, 
‘aggression’, ‘stallion’ and ‘paddock’). Records within 
this topic analyse the importance of social horse–horse 
relations and the main challenges in the management 
of the different reproductive categories. In particular, 
there has always been much discussion on the possi-
bility of keeping stallions in groups, since in most 
cases they are kept isolated and without social contact 
(Christensen et al. 2002; Burger et al. 2012), obviously 
creating social deprivations that affect the welfare of 
this category (Popescu et al. 2019). As a result of this 
type of management, stallions may become aggressive 
(Sarrafchi and Blokhuis 2013). Researchers are still find-
ing different solutions to provide adult stallions oppor-
tunities for closer contact with conspecifics and are 
encouraging breeders to keep them in groups (de 
Oliveira and Aurich 2021; Gehlen et al. 2021). One of 
the most innovative and promising solutions was 
recently suggested by Zollinger and colleagues, the 
so-called ‘social boxes’, in which stallions are housed 
individually but with the allowance of closer physical 
contact thanks to vertical bars between the boxes. 
This solution resulted in a significant increase in posi-
tive social interactions between individuals without 
the occurrence of significant injuries (Zollinger et al. 
2023). On the other hand, the main welfare problems 
of mares, who often spend their lives in groups, are 
not related to social deprivation, but rather to career 
length and feeding regime (Benhajali et al. 2010; 
Ma�sko et al. 2018). Moreover, for both mares and 
foals, one of the major welfare issues is related to the 
critical and stressful moment of weaning (Søndergaard 
and Jago 2010; Merkies et al. 2016). Concerning foals, 
also early interaction with humans and orphans’ artifi-
cial feeding may compromise welfare, causing per-
manent behavioural problems (Henry et al. 2012).
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Topic 5 ‘equine health and management’ is one of 
the first to be studied and still one of the most impor-
tant. Papers included in this topic confirmed the cen-
tral role of health and good management in ensuring 
horse welfare. Studies on the different housing man-
agement strategies are very numerous, mainly because 
the environmental and horse usage variables are mul-
tiple and all need careful analysis. In recent years, 
researchers have focused on the analysis of the 
stabled horse management and welfare, as it is the 
one most likely to raise ethical concerns and the one 
with the most evident structural problems for ensuring 
social interactions (Dalla Costa et al. 2016). However, it 
is interesting to note that even situations in which 
horses are kept following their natural needs, such as 
in a herd, can cause major welfare issues (Dai et al. 
2023). Severe injuries could occur if the herd has not 
been properly balanced. In addition, the distance to 
reach the water and its availability, the presence/ 
absence of shelter for refuge from adverse weather 
conditions and insects are central themes to be taken 
into consideration when assessing the welfare of the 
herd (Mejdell and Bøe 2005; Gorecka and Jezierski 
2007). Appropriate management is therefore the basis 
of all the different housing systems (Dalla Costa et al. 
2017).

‘Working horses’ welfare’ (Topic 6) is a relatively 
recent and, according to the authors, important topic. 
Working horses are indeed a diffuse reality, especially 
in rural and peri-urban areas of developing countries 
(Tadich and Stuardo Escobar 2014). These horses are 
mainly used to transport materials and are the sole 
source of income for their owners, who often use 
them to exhaustion (de Aluja 1998). Therefore, pre-
cisely for the fundamental role these horses have, the 
owners should understand how important is to guar-
antee a good welfare standard to them (Tadich and 
Stuardo Escobar 2014). Since working equids are often 
not included in animal health policies and regulations 
(Fr€ohlich et al. 2020), researchers have focused on 
finding methods to assess the welfare of these animals 
(Tadich and Stuardo Escobar 2014).

Topic 7 ‘transport practices and problems’ describes 
the theme of ‘transport’ in both production and sport 
horses. The word ‘transport’, which was the first word 
according to the TFIDF analysis, was associated with 
the words ‘road’ and ‘unload’ as expected, as transport 
by road is the most common way of transport in 
horses. In fact, it is worth noting that almost all horses 
experience at least one transport during their life 
(Padalino 2015). Conversely, horse transport by air is 
still a not-deepened area of research and should be 

considered as an important gap in knowledge. In fact, 
horses are the most frequent species to travel by air 
after men (Cullinane 2014), with a median of 10,000 
horses movements by plane every year (Felici et al. 
2023). Regardless of the type of journey, transport rep-
resents an important risk factor for horse welfare as it 
can cause behavioural and health problems (Nielsen 
et al. 2022). For this reason, transport conditions 
should be highly regulated all over the world in order 
to guarantee minimum welfare standards. Protocols to 
assess welfare during transport should be developed 
and tested also considering pre- and post-transport 
aspects (Nielsen et al. 2022).

Many important topics were highlighted by TA but 
some themes, which play a fundamental role in the 
welfare of the horse, were not revealed, indicating a 
minor scientific attention to them. First of all, the 
theme of the welfare of horses kept for meat produc-
tion was not highlighted by the technique as a separ-
ate topic. In fact, even though the word ‘slaughter’ 
was inserted as one of the keywords in the initial 
ScopusVR search, it ranked very low, confirming an 
important gap of knowledge in this area. Although 
about 800,000 horses are slaughtered worldwide every 
year (FAOSTAT 2023), the literature on this subject is 
very limited and inconsistent, especially regarding the 
evaluation of welfare on-farm of horses kept for meat 
(Minero and Canali 2009) and protocol to assess wel-
fare at slaughter (Fletcher et al. 2022). Only limited 
studies regarding travelling circumstances of meat 
horses were included in Topic 7 ‘transport practices 
and problems’. Secondarily, although partially found in 
Topic 2, the evaluation of welfare through positive 
indicators only emerged to a limited extent. This is in 
line with the history of animal welfare science and 
indicates a slowly growing trend towards ensuring a 
high quality of life for animals. Positive welfare in ani-
mal species is now an active topic of discussion world-
wide (Lawrence et al. 2018). It is therefore expected 
by the authors that in the near future, more positive 
indicators will be identified to assess horse wel-
fare too.

Based on the performed analysis, some final consid-
erations can be made. First of all, it is desirable that 
the growing interest in horse welfare subject in terms 
of research and public awareness will be followed and 
outlined in the coming years new laws, developed 
specifically for this species. Regulations must be more 
precise and exclusive for equids, which manifest differ-
ent needs from other livestock, especially because of 
their multiple uses. The second consideration concerns 
horses destined for slaughter. Although this is still a 

ITALIAN JOURNAL OF ANIMAL SCIENCE 1105



highly represented category of animals, and they 
could have many welfare issues, the papers dealing 
with these topics are very limited and often only deal 
with transport conditions, neglecting the farming con-
text and the moment of slaughter.

Some limitations related to the used method must 
be emphasised. First, although the search strings to 
insert in the ScopusVR were deeply discussed, some 
synonyms, such as wellbeing, may have not been 
included and thus less records could have been 
retrieved. Secondly, the search was limited to the 
database of Elsevier#, ScopusVR , and so some papers 
published in journals not included in ScopusVR could 
have not been considered. Moreover, ScopusVR search 
does not include the so-called ‘grey literature’, which 
would have been an additional and complementary 
resource to our corpus of records. Furthermore, some 
settings decided before starting the search, such as 
the English-only language of the abstracts, and the 
screening criteria adopted may have partially reduced 
the number of papers analysed. Finally, it is necessary 
to highlight that with this method of analysis the 801 
records were not fully read but only the title and 
abstract were considered.

Notwithstanding the limitations, this review ana-
lysed the literature related to horse welfare, identify-
ing the major topics studied and the ones that need 
more scientific-based evidence.

Conclusions

This review highlights the topics studied in the field of 
equine welfare and those yet to be studied, using TM 
and TA techniques. Horse welfare literature is expo-
nentially growing and Europe is a pioneer and leader 
in this field. The multidisciplinary nature of the subject 
was confirmed by the different nine topics identified. 
The statistically most important topics focused on 
stress, pain, equitation and breeding management 
issues, highlighting that negative indicators of welfare 
are more studied. On the contrary, themes of produc-
tion horse welfare and positive indicators assessment 
were not retrieved with the TA. In conclusion, even 
with the limitations associated with the type of ana-
lysis, this review suggests to other researchers how to 
apply these innovative bibliometric techniques and 
what studies are more urgently needed.
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Français Et Leurs animaux, Fayard. Paris: �Editions de 
l’EHESS; p. 51–70. doi: 10.4000/lhomme.5903.

Dyson S. 2022. The ridden horse pain ethogram. Equine Vet 
Educ. 34(7):372–380. doi: 10.1111/eve.13468.

FAOSTAT. 2023. Crops and livestock products. [accessed on 
28 June 2023]. https://www.fao.org/faostat/en/#data/QCL/ 
visualize.

European Equestrian Federation (EEF). 2015. EEF survey 
2015. https://www.fise.it/images/EEF_Survey_2015_.pdf.

Felici M, Cogger N, Riley CB, Padalino B. 2023. Pilot study on 
annual horse movements by air and the possible effect of 
the covid-19 pandemic. J Equine Vet Sci. 121:104208. doi: 
10.1016/j.jevs.2022.104208.

Fletcher K, Limon G, Whatford L, Grist A, Knowles TG, Gibson 
T. 2022. A systematic review of equid welfare at slaughter. 
Livest Sci. 263:104988. doi: 10.1016/j.livsci.2022.104988.

Fr€ohlich N, Sells PD, Sommerville R, Bolwell CF, Cantley C, 
Martin JE, Gordon SJ, Coombs T. 2020. Welfare assessment 
and husbandry practices of working horses in Fiji. Animals 
(Basel). 10(3):392. doi: 10.3390/ani10030392.

Gaynor JS, Muir WW. 2014. Handbook of veterinary pain 
management. Amsterdam, Netherlands: Elsevier Health 
Sciences.

Gehlen H, Krumbach K, Th€one-Reineke C. 2021. Keeping stal-
lions in groups—species-appropriate or relevant to animal 
welfare? Animals. 11(5):1317. doi: 10.3390/ani11051317.

Gorecka A, Jezierski T. 2007. Protective behaviour of Konik 
horses in response to insect harassment. Anim Welf. 16(2): 
281–283. doi: 10.1017/S0962728600031523.

Green TC, Mellor DJ. 2011. Extending ideas about animal 
welfare assessment to include ‘quality of life’ and related 
concepts. N Z Vet J. 59(6):263–271. doi: 10.1080/00480169. 
2011.610283.

Gr€un B, Hornik K. 2011. Topicmodels: an R package for fit-
ting topic models. J Stat Soft. 40(13):1–30. doi: 10.18637/ 
jss.v040.i13.

Harrison R. 2013. Animal machines. Boston (MA): Cabi 
Publishing.

Hausberger M, Lerch N, Guilbaud E, Stomp M, Grandgeorge 
M, Henry S, Lesimple C. 2020. On-farm welfare assessment 
of horses: the risks of putting the cart before the horse. 
Animals (Basel). 10(3):371. doi: 10.3390/ani10030371.

Hausberger M, Roche H, Henry S, Visser EK. 2008. A review 
of the human–horse relationship. Appl Anim Behav Sci. 
109(1):1–24. doi: 10.1016/j.applanim.2007.04.015.

Henderson AJ. 2007. Don’t fence me in: managing psycho-
logical well being for elite performance horses. J Appl 
Anim Welf Sci. 10(4):309–329. doi: 10.1080/1088870070 
1555576.

Henry S, Zanella AJ, Sankey C, Richard-Yris M-A, Marko A, 
Hausberger M. 2012. Adults may be used to alleviate 
weaning stress in domestic foals (Equus caballus). Physiol 
Behav. 106(4):428–438. doi: 10.1016/j.physbeh.2012.02.025.

Hothersall B, Casey R. 2012. Undesired behaviour in horses: a 
review of their development, prevention, management 
and association with welfare. Equine Vet Educ. 24(9):479– 
485. doi: 10.1111/j.2042-3292.2011.00296.x.

Kang OD, Lee WS. 2016. Changes in salivary cortisol concen-
tration in horses during different types of exercise. Asian- 
Australas J Anim Sci. 29(5):747–752. doi: 10.5713/ajas.16. 
0009.

ITALIAN JOURNAL OF ANIMAL SCIENCE 1107

https://doi.org/10.1016/j.jevs.2012.05.076
https://doi.org/10.1016/j.jevs.2012.05.076
https://doi.org/10.1016/j.rvsc.2007.10.011
https://doi.org/10.1016/j.rvsc.2007.10.011
https://doi.org/10.1016/S0168-1591(01)00208-8
https://doi.org/10.1016/S0168-1591(01)00208-8
https://doi.org/10.1111/j.2042-3306.1998.tb05136.x
https://doi.org/10.1111/j.2042-3306.1998.tb05136.x
https://doi.org/10.1016/j.jveb.2020.05.010
https://doi.org/10.1016/j.jveb.2020.05.010
https://doi.org/10.1111/eve.12215
https://doi.org/10.1017/awf.2023.9
https://doi.org/10.1017/S1751731116001452
https://doi.org/10.1017/S1751731116001452
https://doi.org/10.7120/09627286.25.4.481
https://doi.org/10.7120/09627286.25.4.481
https://doi.org/10.1371/journal.pone.0092281
https://doi.org/10.1371/journal.pone.0092281
https://doi.org/10.7120/09627286.23.3.323
https://doi.org/10.7120/09627286.23.3.323
https://doi.org/10.1016/S0168-1591(98)00117-8
https://doi.org/10.1016/S0168-1591(98)00117-8
https://doi.org/10.1186/s12917-021-02985-9
https://doi.org/10.1016/j.jevs.2021.103773
https://doi.org/10.1016/j.jevs.2021.103773
https://doi.org/10.1371/journal.pone.0280078
https://doi.org/10.4000/lhomme.5903
https://doi.org/10.1111/eve.13468
https://www.fao.org/faostat/en/#data/QCL/visualize.
https://www.fao.org/faostat/en/#data/QCL/visualize.
https://www.fise.it/images/EEF_Survey_2015_.pdf
https://doi.org/10.1016/j.jevs.2022.104208
https://doi.org/10.1016/j.livsci.2022.104988
https://doi.org/10.3390/ani10030392
https://doi.org/10.3390/ani11051317
https://doi.org/10.1017/S0962728600031523
https://doi.org/10.1080/00480169.2011.610283
https://doi.org/10.1080/00480169.2011.610283
https://doi.org/10.18637/jss.v040.i13
https://doi.org/10.18637/jss.v040.i13
https://doi.org/10.3390/ani10030371
https://doi.org/10.1016/j.applanim.2007.04.015
https://doi.org/10.1080/10888700701555576
https://doi.org/10.1080/10888700701555576
https://doi.org/10.1016/j.physbeh.2012.02.025
https://doi.org/10.1111/j.2042-3292.2011.00296.x
https://doi.org/10.5713/ajas.16.0009
https://doi.org/10.5713/ajas.16.0009


KeRdzierski W, Janczarek I, Stachurska A, Wilk I. 2017. 
Comparison of effects of different relaxing massage fre-
quencies and different music hours on reducing stress 
level in race horses. J Equine Vet Sci. 53:100–107. doi: 10. 
1016/j.jevs.2017.02.004.

Kokol P, Bla�zun Vo�sner H, Zavr�snik J. 2021. Application of 
bibliometrics in medicine: a historical bibliometrics ana-
lysis. Health Info Libr J. 38(2):125–138. doi: 10.1111/hir. 
12295.

Kokol P, Kokol M, Zagoranski S. 2022. Machine learning on 
small size samples: a synthetic knowledge synthesis. Sci 
Prog. 105(1):368504211029777. doi: 10.1177/00368504 
211029777.

Koolhaas J, Korte S, De Boer S, Van Der Vegt B, Van Reenen 
C, Hopster H, De Jong I, Ruis M, Blokhuis H. 1999. Coping 
styles in animals: current status in behavior and stress- 
physiology. Neurosci Biobehav Rev. 23(7):925–935. doi: 10. 
1016/s0149-7634(99)00026-3.

Ladewig J. 2019. Body language: its importance for commu-
nication with horses. J Vet Behav. 29:108–110. doi: 10. 
1016/j.jveb.2018.06.042.

Lanci A, Benedetti B, Freccero F, Castagnetti C, Mariella J, 
van Loon JP, Padalino B. 2022. Development of a compos-
ite pain scale in foals: a pilot study. Animals (Basel). 12(4): 
439. doi: 10.3390/ani12040439.

Lawrence AB, Newberry RC, �Spinka M. 2018. Positive welfare: 
what does it add to the debate over pig welfare. 
Advances in pig welfare. Amsterdam, Netherlands: 
Elsevier; p. 415–444. doi: 10.1016/B978-0-08-101012-9. 
00014-9.

Lesimple C. 2020. Indicators of horse welfare: state-of-the- 
art. Animals (Basel). 10(2):294. doi: 10.3390/ani10020294.

Ma�sko M, Domino M, Zdrojkowski Ł, Jasi�nski T, Matyba P, 
Zabielski R, Gajewski Z. 2018. Breeding management of 
mares in late reproductive age considering improvement 
of welfare. A review. J Anim Feed Sci. 27(4):285–291. doi: 
10.22358/jafs/100461/2018.

McGreevy PD, McLean AN. 2009. Punishment in horse-train-
ing and the concept of ethical equitation. J Vet Behav. 
4(5):193–197. doi: 10.1016/j.jveb.2008.08.001.

Mejdell CM, Bøe KE. 2005. Responses to climatic variables of 
horses housed outdoors under Nordic winter conditions. 
Can J Anim Sci. 85(3):307–308. doi: 10.4141/A04-066.

Mellor DJ, Beausoleil NJ. 2015. Extending the ‘Five Domains’ 
model for animal welfare assessment to incorporate posi-
tive welfare states. Anim Welf. 24(3):241–253. doi: 10. 
7120/09627286.24.3.241.

Mellor DJ, Beausoleil NJ, Littlewood KE, McLean AN, 
McGreevy PD, Jones B, Wilkins C. 2020. The 2020 five 
domains model: including human–animal interactions in 
assessments of animal welfare. Animals. 10(10):1870. doi: 
10.3390/ani10101870.

Mellor DJ, Reid C. 1994. Concepts of animal well-being and 
predicting the impact of procedures on experimental ani-
mals. Improving the well-being of animals in the research 
environment. In Baker RM, Jenkin G, Mellor DJ, editors. 
Australian and New Zealand council for the care of ani-
mals in research and teaching. Glen Osmond, Australia: 
WellBeing International; p. 3–18.

Merkies K, DuBois C, Marshall K, Parois S, Graham L, Haley D. 
2016. A two-stage method to approach weaning stress in 
horses using a physical barrier to prevent nursing. Appl 

Anim Behav Sci. 183:68–76. doi: 10.1016/j.applanim.2016. 
07.004.

Merkies K, Ready C, Farkas L, Hodder A. 2019. Eye blink rates 
and eyelid twitches as a non-invasive measure of stress in 
the domestic horse. Animals (Basel). 9(8):562. doi: 10. 
3390/ani9080562.

Mills DS, Nankervis KJ. 2013. Equine behaviour: principles 
and practice. Hoboken (NJ): John Wiley & Sons.

Moons C, Laughlin K, Zanella A. 2005. Effects of short-term 
maternal separations on weaning stress in foals. Appl 
Anim Behav Sci. 91(3–4):321–335. doi: 10.1016/j.applanim. 
2004.10.007.

Minero M, Canali E. 2009. Welfare issues of horses: an over-
view and practical recommendations. Ital J Anim Sci. 8(1): 
219–230. doi: 10.4081/ijas.2009.s1.219.

Nalon E, Contiero B, Gottardo F, Cozzi G. 2020. The welfare 
of beef cattle in the scientific literature from 1990 to 
2019: a text mining approach. Front Vet Sci. 7:588749. doi: 
10.3389/fvets.2020.588749.

Nielsen SS, Alvarez J, Bicout DJ, Calistri P, Canali E, Drewe 
JA, Garin-Bastuji B, Gonzales Rojas JL, Gort�azar Schmidt C, 
Michel V, et al. 2022. Welfare of equidae during transport. 
Welfare of equidae during transport. Efsa J. 20(9):e07444. 
doi: 10.2903/j.efsa.2022.7444.

Ohl F, Van der Staay FJ. 2012. Animal welfare: at the inter-
face between science and society. Vet J. 192(1):13–19. doi: 
10.1016/j.tvjl.2011.05.019.

Padalino B. 2015. Effects of the different transport phases on 
equine health status, behavior, and welfare: a review. J 
Vet Behav. 10(3):272–282. doi: 10.1016/j.jveb.2015.02.002.

Peeters M, Sulon J, Beckers JF, Ledoux D, Vandenheede M. 
2011. Comparison between blood serum and salivary cor-
tisol concentrations in horses using an adrenocortico-
tropic hormone challenge. Equine Vet J. 43(4):487–493. 
doi: 10.1111/j.2042-3306.2010.00294.x.

Polito R, Minero M, Canali E, Verga M. 2007. A pilot study on 
yearlings’ reactions to handling in relation to the training 
method. Anthrozo€os. 20(3):295–303. doi: 10.2752/ 
089279307X224827.

Popescu S, Lazar EA, Borda C, Niculae M, Sandru CD, Spinu 
M. 2019. Welfare quality of breeding horses under differ-
ent housing conditions. Animals (Basel). 9(3):81. doi: 10. 
3390/ani9030081.

Rivera E, Benjamin S, Nielsen B, Shelle J, Zanella A. 2002. 
Behavioral and physiological responses of horses to initial 
training: the comparison between pastured versus stalled 
horses. Appl Anim Behav Sci. 78(2–4):235–252. doi: 10. 
1016/S0168-1591(02)00091-6.

Rodrigues S, Van Eck N, Waltman L, Jansen F. 2014. Mapping 
patient safety: a large-scale literature review using biblio-
metric visualisation techniques. BMJ Open. 4(3):e004468. 
doi: 10.1136/bmjopen-2013-004468.

Salton G, Buckley C. 1988. Term-weighting approaches in 
automatic text retrieval. Inform Proc Manag. 24(5):513– 
523. doi: 10.1016/0306-4573(88)90021-0.

Sarrafchi A, Blokhuis HJ. 2013. Equine stereotypic behaviors: 
causation, occurrence, and prevention. J Vet Behav. 8(5): 
386–394. doi: 10.1016/j.jveb.2013.04.068.

Sauveroche M, Henriksson J, Theodorsson E, Holm ACS, Roth 
LS. 2020. Hair cortisol in horses (Equus caballus) in rela-
tion to management regimes, personality, and breed. J 
Vet Behav. 37:1–7. doi: 10.1016/j.jveb.2019.12.002.

1108 B. BENEDETTI ET AL.

https://doi.org/10.1016/j.jevs.2017.02.004
https://doi.org/10.1016/j.jevs.2017.02.004
https://doi.org/10.1111/hir.12295
https://doi.org/10.1111/hir.12295
https://doi.org/10.1177/00368504211029777
https://doi.org/10.1177/00368504211029777
https://doi.org/10.1016/s0149-7634(99)00026-3
https://doi.org/10.1016/s0149-7634(99)00026-3
https://doi.org/10.1016/j.jveb.2018.06.042
https://doi.org/10.1016/j.jveb.2018.06.042
https://doi.org/10.3390/ani12040439
https://doi.org/10.1016/B978-0-08-101012-9.00014-9
https://doi.org/10.1016/B978-0-08-101012-9.00014-9
https://doi.org/10.3390/ani10020294
https://doi.org/10.22358/jafs/100461/2018
https://doi.org/10.1016/j.jveb.2008.08.001
https://doi.org/10.4141/A04-066
https://doi.org/10.7120/09627286.24.3.241
https://doi.org/10.7120/09627286.24.3.241
https://doi.org/10.3390/ani10101870
https://doi.org/10.1016/j.applanim.2016.07.004
https://doi.org/10.1016/j.applanim.2016.07.004
https://doi.org/10.3390/ani9080562
https://doi.org/10.3390/ani9080562
https://doi.org/10.1016/j.applanim.2004.10.007
https://doi.org/10.1016/j.applanim.2004.10.007
https://doi.org/10.4081/ijas.2009.s1.219
https://doi.org/10.3389/fvets.2020.588749
https://doi.org/10.2903/j.efsa.2022.7444
https://doi.org/10.1016/j.tvjl.2011.05.019
https://doi.org/10.1016/j.jveb.2015.02.002
https://doi.org/10.1111/j.2042-3306.2010.00294.x
https://doi.org/10.2752/089279307X224827
https://doi.org/10.2752/089279307X224827
https://doi.org/10.3390/ani9030081
https://doi.org/10.3390/ani9030081
https://doi.org/10.1016/S0168-1591(02)00091-6
https://doi.org/10.1016/S0168-1591(02)00091-6
https://doi.org/10.1136/bmjopen-2013-004468
https://doi.org/10.1016/0306-4573(88)90021-0
https://doi.org/10.1016/j.jveb.2013.04.068
https://doi.org/10.1016/j.jveb.2019.12.002


Schmidt A, Aurich J, M€ostl E, M€uller J, Aurich C. 2010. 
Changes in cortisol release and heart rate and heart rate 
variability during the initial training of 3-year-old sport 
horses. Horm Behav. 58(4):628–636. doi: 10.1016/j.yhbeh. 
2010.06.011.

Sebastiani F. 2002. Machine learning in automated text cat-
egorization. ACM Comput Surv. 34(1):1–47. doi: 10.1145/ 
505282.505283.

Søndergaard E, Jago J. 2010. The effect of early handling of 
foals on their reaction to handling, humans and novelty, 
and the foal–mare relationship. Appl Anim Behav Sci. 
123(3–4):93–100. doi: 10.1016/j.applanim.2010.01.006.

Strzelec K, Kankofer M, Pietrzak S. 2011. Cortisol concentra-
tion in the saliva of horses subjected to different kinds of 
exercise. Acta Vet Brno. 80(1):101–105. doi: 10.2754/ 
avb201180010101.

Tadich T, Stuardo Escobar L. 2014. Strategies for improving 
the welfare of working equids in the Americas: a Chilean 
example. Rev Sci Tech. 33(1):203–211. doi: 10.20506/rst.33. 
1.2271.

Taylor PM, Pascoe PJ, Mama KR. 2002. Diagnosing and treat-
ing pain in the horse: where are we today? Vet Clin North 

Am Equine Pract. 18(1):1–19, v. doi: 10.1016/s0749- 
0739(02)00009-3.

Tejasen C. 2016. Historical bibliometric analysis: a case of the 
journal of the siam society, 1972–1976. Proc Assoc Info 
Sci Tech. 53(1):1–6. doi: 10.1002/pra2.2016.14505301108.

Thompson K, McGreevy P, McManus P. 2015. A critical 
review of horse-related risk: a research agenda for safer 
mounts, riders and equestrian cultures. Animals (Basel). 
5(3):561–575. doi: 10.3390/ani5030372.

Wang SH, Ding Y, Zhao W, Huang YH, Perkins R, Zou W, Chen 
JJ. 2016. Text mining for identifying topics in the literatures 
about adolescent substance use and depression. BMC 
Public Health. 16(1):279. doi: 10.1186/s12889-016-2932-1.

Webster AJ. 2001. Farm animal welfare: the five freedoms 
and the free market. Vet J. 161(3):229–237. doi: 10.1053/ 
tvjl.2000.0563.

Woods A. 2012. From cruelty to welfare: the emergence of 
farm animal welfare in Britain, 1964–71. Endeavour. 36(1): 
14–22. doi: 10.1016/j.endeavour.2011.10.003.

Zollinger A, Wyss C, Bardou D, Bachmann I. 2023. Social box: a 
new housing system increases social interactions among stal-
lions. Animals (Basel). 13(8):1408. doi: 10.3390/ani13081408.

ITALIAN JOURNAL OF ANIMAL SCIENCE 1109

https://doi.org/10.1016/j.yhbeh.2010.06.011
https://doi.org/10.1016/j.yhbeh.2010.06.011
https://doi.org/10.1145/505282.505283
https://doi.org/10.1145/505282.505283
https://doi.org/10.1016/j.applanim.2010.01.006
https://doi.org/10.2754/avb201180010101
https://doi.org/10.2754/avb201180010101
https://doi.org/10.20506/rst.33.1.2271
https://doi.org/10.20506/rst.33.1.2271
https://doi.org/10.1016/s0749-0739(02)00009-3
https://doi.org/10.1016/s0749-0739(02)00009-3
https://doi.org/10.1002/pra2.2016.14505301108
https://doi.org/10.3390/ani5030372
https://doi.org/10.1186/s12889-016-2932-1
https://doi.org/10.1053/tvjl.2000.0563
https://doi.org/10.1053/tvjl.2000.0563
https://doi.org/10.1016/j.endeavour.2011.10.003
https://doi.org/10.3390/ani13081408

	A review of horse welfare literature from 1980 to 2023 with a text mining and topic analysis approach
	Abstract
	Introduction
	Materials and methods
	Data set
	Text mining
	Topic analysis

	Results
	Descriptive statistics
	Text mining
	Topic analysis

	Discussion
	Conclusions
	Acknowledgements
	Author contributions
	Disclosure statement
	Orcid
	Data availability statement
	References


