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ABSTRACT: Horses are used for a wide variety of
purposes from being used for recreational purposes to
competing at an international level. With these differ-
ent uses, horses have to adapt to numerous challenges
and changes in their environment, which can be a chal-
lenge itself in continuously safeguarding their welfare.
The objective of this study was to assess the prevalence
of health disorders with clinical examination and iden-
tify possible risk factors of health disorders affecting
horse welfare in professional husbandry systems in the
Netherlands. With the use of fixed protocols for recording
health aspects in horses, 150 horse farms voluntarily par-
ticipating in the study were assessed by trained assessors.
On each farm, 20 horses were clinically examined, in total
almost 3,000 animals. This study recorded on the basis
of the clinical examinations: the respiratory system (i.e.,
abnormal breathing [1%], coughing [1%], nasal discharge
[1.9%]), body condition (i.e., 18.8% fat body condition
and 6.4% poor body condition), locomotion (14.5%
exhibited irregularity of locomotion and 4.8% were lame),
back palpation (a light response [22.6%] and moderate
to severe response [8.4%]), mouth (i.e., irregularities on

mouth corners [3.4%] and bars [3.4%]), and ocular dis-
charge (12%). Risk factor analysis, stepwise using mixed
model regression, demonstrated several risk factors for
health aspects. Horses used for instruction (riding lessons)
were almost two times more at risk to develop moderate
to severe back pain compared to horses used for recre-
ation (odds ratios [OR] = 0.54) or for competition (OR =
0.61). Horses used for instruction (riding school lessons),
breeding, or recreation all had a higher risk for irregular
locomotion or lameness compared to competition horses
(OR=0.42, OR =0.55, OR = 2.14, respectively). Horses
used for recreation were more prone to have a higher BCS
compared to horses used for breeding (OR = 3.07) and
instruction (OR = 2.06). The prevalence of health prob-
lems and the identified risk factors are valid for the horses
in the present study in which farms voluntarily partici-
pated. Furthermore, the results may provide the basis for
horse welfare and health programs on farm and horse
industry levels. With the development of a valid welfare
monitoring system for the horse industry, the welfare of
horses can be increased through improving awareness
and stimulating changes in management.
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INTRODUCTION

Keeping horses within a stabled environment, and
using them for riding and driving purposes, requires a
consideration about how the environment and activities
affect their physical and mental welfare. Discomfort or
painful conditions can arise through injury associated
with inadequate housing, feeding, management, activi-
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ties, and equipment (Casey, 2002). The resulting physi-
cal health issues, such as lameness, back pain, and too fat
body condition have been reported in countries in which
horses are mainly used for competition and for pleasure
(Wyse et al., 2008; McGowan et al., 2010; Murray et
al., 2010; Ireland et al., 2012; Lesimple et al., 2012). To
ensure that there is an acceptable level of horse welfare,
an objective assessment or monitoring system is war-
ranted. In developing countries, where working horses
are mainly used as a resource for transport, health issues
such as body lesions, wounds, poor body condition, and
abnormal gait cause decreased welfare. In these coun-
tries the health problems are being assessed by direct
observations (Pritchard et al., 2005; Burn et al., 2010).

In the European Welfare Quality project an as-
sessment system was developed for multiple species
based on direct observations and primarily focusing on
the state of the animal rather than just the nature and
quality of its living conditions (Blokhuis et al., 2003).
This monitoring system focusses on the assessment
of animal-based parameters, such as body conditions,
wounds, and respiratory problems, in addition to en-
vironmental parameters such as housing, bedding, and
feeding management. Unfortunately, this monitoring
system was not developed for horses yet.

The aim of the present study was to assess the preva-
lence of health disorders collected with a welfare monitor-
ing system especially developed for horses and identify
possible risk factors of health disorders affecting horse wel-
fare in professional husbandry systems in the Netherlands.

MATERIAL AND METHODS

Farms and Horses

A cross-sectional study was performed in which
the health disorders of horses at riding schools, board-
ing stables, breeding farms, and sport/training stables
were assessed.

The study was performed in the Netherlands during
the indoor season, between February and April 2010, and
comprised 150 voluntarily participating farms, with a total
0f 2,956 horses. Farms were recruited by their representing
organizations (i.e., equestrian centers, agricultural entre-
preneurs, and employers’ organizations). Criteria for farms
to be selected for this study were 20 horses or more per
farm, presence of an employee familiar to the horses and
handling all horses during the clinical examinations, and
all horses being stabled indoors for at least half of the day.

The average farm size was 61 horses (varying from
8 to 258 horses per farm); farms were situated across the
country. The majority of the farms used their horses for
riding lessons (29.9% of the farms), followed by recre-
ation (26.2% of the farms), and competition (22.8% of
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the farms). The gender of the horses was 50% mares,
44.2% geldings and 5.8% stallions. The average age of
the horses was 11 yr (varying from 1 yr to 40 yr of age).
Most horses were housed in single stalls (83.4%), 13.8%
in groups (2 or more horses), 2.3% in standing or tie
stalls, and 0.4% in other types of housing systems.

Parameters

Before this study, a welfare assessment protocol
was developed for horses following the Welfare Quality
protocols for farm animal species. The protocol for
horses included animal-based measures as well as re-
source- and management-based parameters related to
the 4 principles used in the Welfare Quality framework:
feeding, housing, health, and behavior. The protocol
can be downloaded at http://edepot.wur.nl/238619.

The main focus of the welfare assessment involved
the clinical examinations in which health parameters
were evaluated (Table 1).

Respiratory problems are closely associated with
housing and the presence of dust and fungal spores in
the air (Halliwell et al., 1993) and can result in a range
of signs including coughing, abnormal breathing, nasal
discharge, and ocular discharge. Stable hygiene practic-
es (i.e., raised ammonia levels) and bedding choice (i.e.,
straw) can cause respiratory problems (Clarke, 1987).

It is commonly known that a low BCS can have
detrimental effects on animal welfare (Pritchard et al.,
2005; Burn et al., 2010). However, there is also grow-
ing evidence that obesity due to over nutrition among
horses is increasing (Lesimple et al., 2010; Ireland et al.,
2012) and represents a significant detriment to health of
equines in a manner similar to that by which it is affect-
ing the human population. Studies have revealed varying
prevalences up to 45% in pleasure riding horses in the UK
(Wyse et al., 2008). Obesity promotes insulin resistance,
and insulin resistance plays a role in the pathogenesis of
laminitis, a potentially severe and debilitating cause of
lameness in the equine species (Frank, 2009; Johnson et
al., 2009). NEWC (2009) stated in 2009 that a BCS of 5
in the horse is a welfare issue and should be avoided in
any horse. Not only is a BCS of 5 causing health prob-
lems, a BCS of 4 is also associated with increased risk of
developing laminitis, as reported by Carter et al. (2009).

Pathological or painful conditions such as lameness,
sore mouth, and back pain can arise through injury asso-
ciated with inadequate housing, management, activities,
and equipment (Wyse et al., 2008; Lesimple et al., 2010;
McGowan et al., 2010; Murray et al., 2010; Ireland et al.,
2012; Lesimple et al., 2012). Lameness was a frequently re-
ported health problem by owners of dressage horses in the
study of Murray et al. (2010): 33% of the horses were lame
at some time during their career. Other studies report 13%
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Table 1. Animal-based parameters, the assessment method and the classification!

Visser et al.

Areas of concern Assessment method Classification
Respiratory problems
Abnormal breathing Evaluation of the breathing manner: increase in depth and effort of breathing No | Yes
Coughing Each cough is counted No | Yes
Nasal discharge Evaluation of the nasal discharge: seromucous, No | Yes
purulent, food or hemorrhagic/blood were considered as abnormal
BCS BCS is evaluated with the Carroll and Huntington (1988) BCS 1-5

scale 1-5, with 1-2 indicating a poor body condition, 3 normal, 4-5 fat/obese

No irregularities | irregular | lame

No disorders | sensitive/tense | painful
meaning moderate to serious (behavioural)
responses on pressure like kicking, biting etc.

Locomotion Evaluation of horses walking (20 meters)
and trotting (40 meters) in a straight line on a firm underground
Back pain Evaluation of the response to manually superficial and deep
palpation of back musculature and spinal processus of thoracolumbal spine
Mouth

Mouth corners
Gums
Ocular discharge

Inspection and palpation of mouth corners on wounds, fissures and redness
Inspection and palpation of mouth corners on wounds, fissures and redness
Inspection of ocular discharge: dirty eye with (dried) mucopurulent

No irregularities | irregularities
No irregularities | irregularities
No | Yes

discharge from the corner of the eye and/or a visible eye discharge of > lcm

IFull protocol can be downloaded at http:/edepot.wur.nl/238619.

(Coleetal., 2005), 23% (Ireland et al., 2012), and 28% lame-
ness (McGowan et al., 2010). In the same study of Murray
etal. (2010), 25% of dressage horses were reported to have
a back pain problem by their owners. Other studies estimate
the prevalence of back disorders to lie between 3.9 and 22%
using questionnaire surveys (Lesimple et al., 2012).

Sampling

On each farm, horses of a randomly selected group of
20 animals were assessed individually. Selection of hors-
es was done before the actual assessment with the help of
a plan of the farm indicating housing systems and corre-
sponding numbers of horses present. On farms with less
than 20 horses in total (» = 16 farms), all animals were
observed. Within the same farm, the sample of horses was
evenly distributed among individual and group housing
systems if both were present. During the farm visits, each
assessor was accompanied by an assistant to record the
results into specially designed software on a personal dig-
ital assistant device. The total assessment per farm lasted
6 h on average, of which the clinical examination took ap-
proximately 10 min per horse. Besides the clinical exami-
nations, the behavior, stall climate, and the stable man-
agement were assessed. The farm visits were executed on
normal working days and started around 0900 h, after the
first feeding time. The assessor and assistant entered the
farm in clean outfit and used disinfection spray for the
hands to minimize risk of spreading contagious diseases.

Clinical Examinations

Assessment started with examining breathing of the
horses in their home stable. Thereafter, horses were hal-

tered and examined farther outside the stable in a place
with enough space and light.

The assessment was performed by 5 fifth-year vet-
erinary students. The veterinary students were trained
to perform the clinical examinations by two senior vet-
erinarians. Both senior veterinarians had over 5 yr of
experience. One of them had experience as an indepen-
dent veterinary professional at international (FEI) com-
petitions; the other veterinarian was appointed as clini-
cal professional at the Veterinary Faculty of Utrecht
University. Before training the students, the inter- and
intrareliability of the senior veterinarians was checked
(interobserver reliability kappa > 0.39, and intraobserv-
er reliability kappa > 0.37). The assessors were trained
2 mo before the assessments at similar farms, constitut-
ing a total of 90 horses with different health disorders.
All students assessed the same 90 horses. Training con-
sisted of 1 d of judging a total of 120 photos of healthy
horses and horses with health disorders (phase 1). This
did not include training of parameters that warranted
"live horses," such as training for the assessment of
lameness or abnormal breathing. These photos were
scored by the senior veterinarians as golden standards
before the training. The second phase of training con-
sisted of 7 full days of farm visits in which clinical
parameters of the protocol were trained. The training
was considered completed when the students reached
the criteria of > 80% agreement with the outcome of
the golden standard, i.e., photos (phase 1), and moder-
ate to excellent agreement with the silver standards, i.e.,
senior veterinarians (kappa value > 0.41; Burn et al.,
2009) for each parameter to be assessed in the second
phase. After the successful completion of the training,
students were promoted to “assessors.”
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The veterinary students were also trained to take
the necessary precaution when handling the horses to
minimize the risk of harm to the horses and the people
involved. An employee of the stable was present, and
the horse was always approached from the front. When
a horse showed extreme fear or aggression or was not
accustomed to handling or haltering, the assessment that
may imply any risk of harm to the animal, handler, or
assessor was skipped.

Farm Environment, Housing, and Management

Specific data regarding the farm (i.e., type of farm),
housing (i.e., individual, groups, area per horse, social
contact), feeding (i.e., roughage, concentrates), climate
(i.e., temperatures, relative air humidity, wind speed),
and management (i.e., use of horses, health care), were
gathered from an interview with the stockperson and/or
by observation and assessment by the assessor. Detailed
information can be found in the protocol.

Data Processing and Statistical Analysis

Raw data gathered during the assessment and from
the interviews were saved in an Access database. The
database was checked for irregularities and missing data.

Descriptive analyses were performed on both ani-
mal-based and resource- and management-based param-
eters. All potential risk factors were defined as discrete
(class) parameters. For continuous resource- and man-
agement-based parameter thresholds and classes were
chosen according to biological relevance and in such a
way that sufficient numbers of animals were present in
each class. An overview of potential risk factors and cor-
responding classes is given in Table 2.

Basic records in the database were individual horses.
In the final analysis each clinical measure was expressed
at the level of the individual horse as a binary variable
with 2 possible outcomes: 1 (i.e., the clinical disorder
was present) or 0 (i.e., the clinical problem was absent).
Thus, for multiclass variables (i.e., BCS, locomotion,
and back pain; see Table 1), multiple categories were
summarized into single ones as follows. Body condition
score was expressed as either not fat (too poor, poor, or
normal) or fat (fat or too fat), locomotion was expressed
as either normal (no irregularities) or abnormal (irregu-
lar or lame), and back pain was expressed as either no
disorders present (no disorders) or disorders present
(sensitive/tense or painful).

Risk factor analysis was performed only for health
disorders that showed an overall prevalence > 3%.
Prevalences of disorders were considered as response
variables (Y), and the management-based variables (X)
were the potential risk factors. To examine the relation-
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ship between clinical problems and potential risk factors,
stepwise multivariate logistic regression analysis was
used. To account for dependence between horses from
the same farm, random farm effects were introduced in
the regression model, resulting in a generalized linear
mixed model (GLMM). Random effects for farms and
fixed effects for potential risk factors were introduced
on the logit scale, and conditional on the random farm
effects a binomial variance function was assumed. Data
from the GLMM were analyzed by iterative re-weight-
ed restricted maximum likelihood (Searle et al., 1992;
Breslow and Clayton, 1993; Engel and Keen, 1994).

Risk factor analysis involved a series of successive
steps. First, each potential risk factor was introduced as
a single explanatory factor in a GLMM. Risk factors
with a P-value below 0.15 from the F-test (Kenward and
Roger, 1997) were considered for further multivariate
analysis. Next, forward and backward selection was per-
formed, with preset bounds for the F-tests for inclusion
and exclusion of potential risk factors. Only main effects
were considered in this step. For the risk factors selected
in either of the two selection approaches an all possible
subset selection was performed, where models with one
risk factor, with two risk factors, etc. were ranked with
respect to their mean deviance (Goedhart, 2011). Only
risk factors that contributed significantly (P < 0.05 after
an F-test) were retained in the final step. The statisti-
cal procedure included a specific routine for the assess-
ment of (partial) confounding of factors, i.e., of potential
risk factors that are (partially) correlated. The aim was
to present a final model without (partially) confounded
factors. The final model was fitted to the data. Predicted
means and associated standard errors were evaluated.
For each risk factor retained in the final model, odds
ratios (OR) as well as 95% confidence intervals were
obtained.

All the calculations were performed within GenStat
(VSNInternational, 2012).

RESULTS

Prevalence of Respiratory Disorders

For respiratory disorders, the proportion of horses with
abnormal breathing was 1% (29 out of 2,894 horses), with
ample nasal discharge was 1.9% (57 out of 2,955 horses),
and the proportion of horses coughing during the 10-min
monitoring period was 1% (30 out of 2,956 horses).

Prevalence of and Risk Factors for Horses with
Abnormal Body Condition

Body condition score was given to 2,939 horses us-
ing the Carroll and Huntington (1988) scoring method.
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Table 2. Management- and resource-based parameters included in the final model of the risk factor analysis

Parameters Levels

Too high BCS
Current use of horse Recreation! | Instruction | Competition | Breeding | Other
Former use of horse Recreation | Instruction | Competition | Breeding | Other
Breed Pony | Cold blood | Warm blood | Thoroughbred | Unknown
Age of horse, yr 04 |4-18 | >18
Height at wither, cm <1201 120-160 | =160
Concentrates daily No |Yes
Type of concentrate No grains | Grains
Chance on roughage contamination’ No | Yes
Housing, area per horse Less than (2 x height at withers)? | more than (2 x height at withers)?
Closing stable at night Never | with bad weather | partly |always
Enrichment material in stall Yes | No
Deworming All horses at same time | only a selection of horses each time
Length whiskers >4 cm | 1-4 cm | <lcm
Farm in possession, yr 0-5]5-15]|15-25| =25
Horse in possession, yr 0-1|1-2]2-3]|3-9| =9

Locomotion disorders

Age of horse, yr 0-4 | 4-18 | > 18

Current use of horse Recreation! | Instruction | Competition | Breeding | Other
Horse in possession, yr 0-1 | 12 | 2-3 | 3-9 | >9

Saddle-maker Yes | No

Back disorders

Current use of horse Recreation! | Instruction | Competition | Breeding | Other
Gender Mare | Gelding | Stallion

Type Pony | Cold blood | Warm blood | Thoroughbred | Unknown?’
Height at withers <1201 120-160 | =160

Type of concentrate No corn | Corn

Farm type Riding school | Boarding stable | other?

Irregularities on mouth corners

Age of horse, yr 04 | 4-18 | >18

Former use of horse Recreation! | Instruction | Competition | Breeding | Other
Housing, area per horse Less than (2 x height at withers)? | more than (2 x height at withers)?
Work, h/wk 0]1-3]4-6|7-13]| > 14

Direct sunlight in stall No | Yes

Changing coat* No | Yes

Irregularities on gums

Specialist None | Physiotherapist | Homeopath

Farm type Riding school | Boarding stable | other?
Ocular discharge

Age of hors, yr 04 | 4-18 | >18

Height at withers, cm <1201 120-160 | =160

Possibilities for social contact None | vision | sniffing | grooming | full body contact

Free movement, h/wk 0-3|4-14]15-49] =50

Number of horses per housing area 1 | 2 | 3-10 | >11

Air outlet sufficient | insufficient | not present

Horse in possession, yr 0-1|1-2]2-3]|3-9| =9

Includes horses kept as companion animal.

2Includes farms for breeding, training, competition.

3Roughage may get contaminated when it is provided on the ground within the area the horse is stabled.
4Severe (normal) shedding of the coat through which the body condition cannot be assessed easily.
SType of the horse as determined according to their breed.
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Table 3. Body condition score horses' used in competition were more at risk to develop a high-
BCS Number of horses Percentage er BCS compared to horses used for breeding. Middle-
1. Very poor 5 0.2 aged horses (4—18 yr) were more prone to have a high-
2. Poor 188 6.4 er body condition compared to horses over 18 yr old.
3. Normal 2195 747 Smaller horses were more at risk to have a high body
4. Fat 528 18.0 condition compared to taller horses. Correspondingly,
5. Very Fat 23 0.8

ponies were more prone to develop a higher body condi-
tion compared to warm bloods and thoroughbreds; cold
'Method of Carroll and Huntington (1988). bloods were more prone to develop a higher body condi-
tion compared to thoroughbreds. Horses housed in indi-
vidual stalls with an area of less than (2 x height at the
74.7% of horses received a normal score for body con-  withers)? were less prone to the risk of a high body con-
dition (score 3), 18.8% of the horses received a score  dition compared to horses with a larger stall area. Horses
above 3, and 6.4% of the horses were assessed as poor  fed concentrates on a daily basis were less at risk to have
(score 2) or very poor (score 1; Table 3). a higher body condition compared to horses that were
Table 4 shows the risk factors for obesity or in- not fed concentrates on a daily basis.
creased body condition (BCS of 4 or 5). Sixteen vari-
ables were significantly associated with the occurrence  Prevalence of and Risk Factors for Lameness
of obesity or increased body condition. Horses used for
recreation were more prone to have a higher BCS com- From the 2,566 horses that were checked for lame-
pared to horses used for breeding and instruction; horses ~ ness, 14.5% appeared to be irregular (i.e., stiff, short lo-

Total 2939 100.1

Table 4. Final multivariate logistic regression model for the occurrence of a (too) fat body condition (BCS 4 or BCS 5)

Risk factor? P-value Level 1 Level 2 Odds ratio® Confidence interval

Current use of horse <0.001 Recreation Breeding 3.07 1.59-5.92
Recreation Instruction 2.06 1.46-2.91

Competition Breeding 2.05 1.02-4.10

Former use horse breeding 0.042 No Yes 1.49 1.01-2.20
Former use horse competition 0.017 No Yes 1.52 1.06-2.18
Type 0.003 Pony Warm blood 1.58 1.08-2.31
Pony Thoroughbred 3.07 1.39-6.76
Cold blood Thoroughbred 4.12 1.31-12.99

Age of horse, yr 0.008 4-18 >18 1.77 1.21-2.60
Height at withers, cm <0.001 <120 120-160 1.91 1.07-3.40
<120 > 160 3.73 1.81-7.67

120 -160 > 160 1.96 1.34-2.86

Concentrates on a daily basis 0.003 No Yes 1.75 1.22-2.51
Type of concentrate 0.010 No grains Grains 2.45 1.23-4.89
Chance on roughage contamination <0.001 No Yes 0.45 0.30-0.70
Housing, area per horse 0.025 Less than (2xheight at the withers)> More than (2xheight at the withers)? 0.70 0.52-0.96
Closing stable at night 0.038 With bad weather Partly 0.60 0.38-0.93
With bad weather Never 0.56 0.33-0.95

Enrichment in stall 0.003 Yes No 1.49 1.14-1.94
Deworming 0.020 All horses at same time Selection 0.46 0.24-0.90
Length whiskers, cm 0.020 >4 1-4 1.61 1.06—-2.44
>4 <1 2.07 1.01-4.25

Farm in possession, yr 0.013 >25 0-5 0.42 0.23-0.75
15-25 0-5 0.52 0.31-0.86

Horse in possession, yr <0.001 0 >9 0.42 0.20-0.89
1 >9 0.40 0.25-0.64

2 3-9 0.61 0.39-0.93

2 >9 0.31 0.19-0.52

3-9 >9 0.51 0.35-0.74

aAll risk factors in the final model were significant (P < 0.05).

bOdds Ratios (ORs) are given for pairwise comparisons between classes (levels) of risk factors. Level 2 is the reference level. When value 1 is not part of the
95% confidence interval, the corresponding OR is significant (P < 0.05). When OR < 1 the risk is decreased in comparison with the reference level. When OR >
1 the risk is increased in comparison with the reference level.
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Table 5. Final multivariate logistic regression model for irregular locomotion or lameness

Risk factor? P-value Level 1 Level 2 Odds ratio® Confidence interval
Age of horse, yr <0.001 04 4-18 0.16 0.06-0.38
Current use of horse <0.001 Recreation Competition 2.14 1.49-3.07
Competition Breeding 0.55 0.32-0.94
Competition Instruction 0.42 0.29-0.61
Horse in possession, yr <0.001 1-2 2-3 1.59 1.01-2.51
1-2 >9 0.59 0.40-0.87
2-3 3-9 0.59 0.39-0.89
2-3 >9 0.37 0.23-0.59
3-9 >9 0.63 0.47-0.84
Saddle-maker 0.003 No Yes 1.62 1.20-2.90

4All risk factors in the final model were significant (P < 0.05).

b0dds Ratios (ORs) are given for pairwise comparisons between classes (levels) of risk factors. Level 2 is the reference level. When value 1 is not part of the
95% confidence interval, the corresponding OR is significant (P < 0.05). When OR < 1 the risk is decreased in comparison with the reference level. When OR >

1 the risk is increased in comparison with the reference level.

comotion; not possible to point out which leg is causing
the irregular motion). Another 4.8% of all horses ap-
peared to be lame. Risk factor analyses showed that age,
current use of horse, number of years the horse was in
possession of current owner, and whether or not the farm
consults a saddle maker were significantly associated
with lameness (Table 5). In comparison with older hors-
es, younger horses had a lower risk to be lame. Horses
used for instruction (riding school lessons), breeding, or
recreation all had a higher risk for irregular locomotion
or lameness compared to competition horses. In this
data set, horses housed at a farm that consults a saddle
maker for their horses at regular intervals were more at

risk to develop locomotion disorders compared to farms
who did not consult a saddle maker.

Prevalence of and Risk Factors for Back Pain

After manual back palpation, horses were classified
as no response on back palpation, slight response (behav-
ioral reaction and tense back muscles), and moderate to
severe response (behavioral reaction, i.e., aggressive or
retreat). From the 2,824 horses that were checked for a
response on back palpation, the percentage of horses with
no response on back palpation was 68.9%, with a slight
response was 22.6%, and with moderate to severe re-
sponse was 8.4%. Risk factor analyses revealed that cur-

Table 6. Final multivariate logistic regression model for back pain disorders

Risk factor? P—value Level 1 Level 2 Odds ratio? Confidence interval
Current use of horse <0.001 Recreation Breeding 341 2.02-5.75
Recreation Instruction 0.54 0.41-0.70
Recreation Other 2.70 1.30-5.62
Competition Breeding 3.87 2.28-6.56
Competition Instruction 0.61 0.45-0.82
Competition Other 3.07 1.49-6.33
Breeding Instruction 0.16 0.09-0.27
Instruction Other 5.05 2.43-10.52
Gender 0.013 Mare Gelding 1.28 1.04-1.57
Breed 0.021 Pony Thoroughbred 0.46 0.26-0.79
Cold blood horse Thoroughbred 0.27 0.09-0.80
Warm blood horse Thoroughbred 0.49 0.28-0.84
Height at withers, cm <0.001 <120 120 -160 0.28 0.14-0.56
<120 > 160 0.14 0.07-0.29
120 -160 > 160 0.50 0.38-0.67
Type of concentrate 0.004 No corn Corn 0.54 0.35-0.83
Farm type 0.004 Riding school Other 2.87 1.55-5.30
Boarding stable Other 2.54 1.43—-4.81

aAll risk factors in the final model were significant (P < 0.05).

bOdds Ratios (ORs) are given for pairwise comparisons between classes (levels) of risk factors. Level 2 is the reference level. When value 1 is not part of the
95% confidence interval, the corresponding OR is significant (P < 0.05). When OR < 1 the risk is decreased in comparison with the reference level. When OR >

1 the risk is increased in comparison with the reference level.
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Table 7. Final multivariate logistic regression model for irregularities at mouth corners

Risk factor® P-value Level 1 Level 2 Odds ratio® Confidence interval
Age, yr <0.001 04 4-18 0.09 0.01-0.70
0-4 >18 0.06 0.01-0.45
4-18 >18 0.64 0.49-0.84
Housing, area per horse 0.007 Less than (2xheightat ~ More than (2xheight at 1.42 1.13-1.77
withers)? withers)?
Work, h/wk <0.001 0 1-3 0.40 0.20-0.81
0 4-6 0.35 0.19-0.62
0 7-13 0.22 0.13-0.40
0 >14 0.16 0.08-0.31
1-3 7-13 0.56 0.33-0.94
1-3 >14 0.40 0.22-0.73
4-6 7-13 0.65 0.50-0.84
4-6 >14 0.46 0.30-0.71

aAll risk factors in the final model were significant (P < 0.05).

bOdds Ratios (ORs) are given for pairwise comparisons between classes (levels) of risk factors. Level 2 is the reference level. When value 1 is not part of the 95% confidence interval, the correspond-

ing OR is significant (P < 0.05). When OR < 1 the risk is decreased in comparison with the reference level. When OR > 1 the risk is increased in comparison with the reference level.

rent use of the horse, gender, type, height at the withers,
type of concentrate, and farm type were all significantly
associated with back pain (slight or moderate to severe
response on back palpation); see Table 6. Horses used for
instruction (riding lessons) were almost 2 times more at
risk compared to horses used for recreation (OR = 0.54)
or for competition (OR = 0.61). Horses used for competi-
tion, instruction, or recreation were more at risk compared
to horses used for breeding. In comparison with geldings,
mares had a higher risk for back pain. Of the various type
of horses included in this data set, thoroughbreds were the
most at risk for back pain. In addition, taller horses were
more prone to the risk of back pain than smaller ones.

Prevalence of and Risk Factors
for Irregularities in the Mouth Corners

Irregularities that were noted in the mouth corners
were hardened spots, redness, and (open) wounds. From
the 2,717 horses that were checked for irregularities at
the mouth corners, the percentage of horses without
irregularities was 81.5% and with irregularities was
18.5%. Risk factor analysis revealed that 3 variables
were significantly associated with irregularities in the
mouth corners, including age, area per horse, and quan-
tity of work (Table 7). Younger horses were less at risk
compared to older ones, and horses housed in an area
less than (2 x height at the withers)> were more at risk
compared to horses housed in an area more than (2 x
height at the withers)2. It seems unlikely that the area
per horse directly influenced the condition of the mouth
corners. Perhaps the area per horse was associated with
different types of work the horse was used for. Finally,

the more hours horses had to work during the week, the
higher the risk for irregularities in the mouth corners.

Prevalence of and Risk Factors
for Irregularities at the Gums

As for the mouth corners, irregularities at the gums
were noted when hardened spots, redness, and or (open)
wounds were found. A small percentage (3.4%) of a total
of 2,717 horses showed irregularities; 96.6% of the hors-
es had no irregularities at the gums. Risk factor analyses
revealed that horses housed in a boarding stable were
almost 4 times more at risk (OR = 3.77, confidence in-
terval 1.14-12.49) compared to horses housed in breed-
ing stations or competition/training stables (P = 0.044).

Prevalence of and Risk Factors for Ocular Discharge

Twelve percent of the total of 2,854 horses assessed
for ocular discharge were found with ocular discharge.
Table 8 summarizes the significant risk factors for ocular
discharge. In general, older horses (> 18 yr) were more
at risk compared to younger horses (0—4 yr of age and
4-18 yr of age). With more horses in indoor housing, the
risk for the development of ocular discharge increased,
although housing in groups with > 11 animals reduced
the risk for ocular discharge in comparison with group
sizes from 2—10 horses. Similarly, the more hours horses
spent outside the stall for free movement (paddock of
pasture) the higher the risk for ocular discharge. It was
shown that the absence of an air outlet was associated
with a reduced risk for ocular discharge in comparison
with a situation of sufficient air outlet.
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Table 8. Final multivariate logistic regression model for ocular discharge

Risk factor® P-value Level 1 Level 2 Odds ratio® Confidence interval
Age, yr <0.001 04 > 18 0.30 0.17-0.55
4-18 > 18 0.35 0.26-0.48
Height at the withers, cm 0.016 <120 120-160 1.87 1.08-3.24
<120 > 160 2.29 1.28-4.10
Possibilities for social 0.012 Vision Sniffing 1.45 1.05-1.99
contact Sniffing Grooming 0.51 0.32-0.82
Grooming Full body contact 2.31 1.07-5.01
Free movement, h/wk 0.001 0-3 15-49 0.57 0.36—0.89
0-3 >50 0.38 0.22—-0.64
4-14 >50 0.53 0.33-0.84
Number of horses per 0.001 1 2 0.45 0.22-0.92
housing area 1 3-10 0.39 0.18-0.87
2 >11 4.39 1.46—13.17
3-10 >11 5.07 1.84-13.98
Air outlet 0.019 Sufficient Not present 1.53 1.10-2.13
Horse in possession, yr 0.009 0-1 2-3 2.83 1.42—5.65
1-2 2-3 1.97 1.17-3.31
2-3 3-9 0.50 0.30-0.81
2-3 >9 0.39 0.23-0.67

4All risk factors in the final model were significant (P < 0.05).

b0Odds Ratios (ORs) are given for pairwise comparisons between classes (levels) of risk factors. Level 2 is the reference level. When value 1 is not part of
the 95% confidence interval, the corresponding OR is significant (P < 0.05). When OR < 1 the risk is decreased in comparison with the reference level. When

OR > 1 the risk is increased in comparison with the reference level.

DISCUSSION

Large sample studies in horse welfare and health are
very scarce, since budgets and available facilities are
limited. Instead, to reach large sample sizes most studies
rely on questionnaires sent to owners or caretakers or
self-reports (Hotchkiss et al., 2007; Murray et al., 2010;
Ireland et al., 2012; Lesimple et al., 2012). However,
several authors have shown that the effectiveness of this
method is debatable since the response rate may be posi-
tively biased (e.g., toward less problems) and owner or
caretakers may severely underestimate possible health
and welfare problems. To the knowledge of the authors,
this has been the first large-scale study in which clini-
cal health disorders affecting horse welfare are being as-
sessed with a standardized method (protocol).

In the present study, estimates of prevalences of clini-
cal problems were based on actual clinical observations in
a large sample of randomly selected horses across a range
of voluntarily participating farms. The farms volunteering
in this study may reflect the characteristics of the entire
national farm population with regard to average horses
or stabling conditions, although it may be possible that
results on clinical problems were positively biased.

In addition to animal-based measures, various
management- and resource-based variables (related to
housing, feeding, and management) were also system-
atically recorded. This allowed us to identify potential
risk factors using statistical methods that are generally

used in veterinary epidemiology (e.g., Cole et al., 2005;
Robinson et al. 2006). However, it should be noted that
epidemiological research allows us to identify associa-
tions between clinical measures and potential risk fac-
tors, and that such associations do not necessarily refer
to causal relationships.

Respiratory problems are closely associated with
housing and the presence of dust and fungal spores in
the air (Halliwell et al., 1993). Also, seasonality plays a
role in certain respiratory disorders with increased risk
factors for detecting inflammatory airway disease in
winter and spring compared to summer (Couétil et al.,
2007); inflammatory airway disease was more preva-
lent in horses kept outside in winter compared to sta-
bled horses (Robinson et al., 2006). In the present study,
horses were examined between January and April and
were all stabled for a large part of the day. Prevalences
of respiratory problems were low (< 3.0%). The results
in this study are far lower compared with results in
other studies. In a study by Wheeler et al. (2002), it
was reported that 16.9% of pony club horses in the UK
coughed severely during exercise and coughed at least
once a week. Furthermore, Hotchkiss et al. (2007) re-
ported that 14% of general horse population in the UK
demonstrated recurrent airway obstruction (RAQO). The
observation period of 10 min in the present study has
probably been too short to identify the real prevalence
of coughing horses in a stable since most horses with
chronic respiratory disorders cough, especially during
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exercise. Only severely affected horses with chronic
obstructive pulmonary disease do show signs of dys-
pneu and abnormal breathing. Therefore, most cases of
inflammatory airway disease and RAO are subclinical
at rest and show more signs during exercise (Couétil et
al., 2007). So, although prevalence of respiratory dis-
orders seem to be low in this study, only severely af-
fected cases were found. Because the prevalence of re-
spiratory disorders found in the present study appeared
to be too low (defined as < 3%) these have not been
included in the risk factor analysis.

The body condition of horses constitutes, as in other
companion animal species (German, 2010; Bland and
Hill, 2011), a welfare concern. NEWC (2009) stated
in 2009 that a horse’s body condition should ideally be
maintained at BCS 3, varying no more than 2.5 to 3.5
on a scale of 0 (very poor) to 5 (very fat). If a horse’s
BCS declines to 2 or below or increases to 4 or above,
then action should be taken to correct this. A body con-
dition score of 5 is considered to be a welfare problem
and should be avoided in every horse (NEWC, 2009).
Excessive body fat, which can be local or more general-
ly distributed, can cause impairment to health or bodily
function and is associated with insulin resistance, colic,
and loss of performance, among others (Geor, 2008).
The most widely recognized consequence in horses is
laminitis, a painful condition of the feet (Carter et al.,
2009; Becvarova and Pleasant, 2012; Galantino-Homer
and Engiles, 2012). Both BCS 4 and 5 have been shown
to be a reliable predictor of pasture-associated laminitis
in a cohort of ponies (Carter et al., 2009).

A prevalence of 18.8% of horses with an increased
body condition found in the present study falls in the
wide range (3—45%) of questionnaire reported results in
other studies (i.e., Wyse et al., 2008), but is higher than
the 10% of overweight horses (BCS > 3) that were clini-
cally examined in the study of Ireland et al. (2012). The
horses in the study of Ireland et al. (2012) were mainly
retired horses (> 30 yr of age) and hence a lower per-
centage of overweight horses could have been expected
because geriatric horses in general require more nu-
trition or a diet adapted to their wearing of teeth and
increased incidences of diseases such as pituitary pars
intermedia dysfunction (PPID; 34% of the horses older
than 30 yr suffered from PPID in the study of Ireland
et al. [2012]) and chronic lameness (97% of the horses
older than 30 yr had at least decreased range of motion
in one joint [Ireland et al., 2012]), which makes it even
more difficult to maintain an acceptable BCS. As was
shown in other studies, smaller horses, ponies, and so-
called “easy keepers” are more at risk (Frank, 2009), as
are recreational horses (Thatcher et al., 2012).

Interestingly, horses housed in smaller stalls were
less at risk, and, similarly, horses fed concentrates on a
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daily basis were less at risk for developing an increased
body condition (fat or obese). It could be inferred that
this group of horses was exercised more frequently,
and because of this, another factor or complex of fac-
tors were involved. It needs to be stressed that in this
epidemiological study no causal relations can be drawn
between environment (size of stalls) and management
(feeding concentrates) and the BCS.

In the present study, 19.3% of the horses appeared to
have some sort of irregular gait or were obviously lame.
In survey studies, a lameness percentage of 23—33% was
reported by owners, self-reporting the lameness of their
horses over a time period of 12 yr (Murray et al., 2010;
Ireland et al., 2012). Furthermore, at a specific moment
in time, 13% of an Australian horse population was re-
ported lame by their owners (Lesimple et al., 2012). In
the study of Murray et al. (2010), it appeared that older,
as well as taller, horses were more likely to have had an
episode of lameness in the last 2 yr. In the present study,
neither taller horses nor older ones were more at risk for
lameness compared to their smaller or younger coun-
terparts. However, it was found that competition horses
were less often lame compared to horses used for other
purposes, for instance, recreation and instruction. In the
study of Cooper and Albentosa (2005) and in the study
of Murray et al. (2010) back problems were strongly as-
sociated with lameness. One major factor contributing to
back pain is thought to be bad saddle fitting and weight
distribution of the rider (De Cocq et al., 2004, 2009). It
was remarkable to find in our data set that regular visits
from a saddle maker was associated with a higher risk for
horses being lame. Since the results of epidemiological
research do not necessarily point to causal relationships
between clinical problems and potential risk factors,
there might be factors other than those that were record-
ed in our study underlying the association between visits
of the saddle maker and horses being lame. It might be,
for example, that one reason for a farm to be frequently
visited by the saddle maker is the presence of horses with
lameness problems.

Unfortunately, because discomfort or pain in horses
is frequently not recognized by the owner, horses ex-
periencing pain often continue to be ridden. The main
complaints by riders and trainers are sudden exercise
intolerance and poor performance, but also a sudden
and progressive change of temperament can occur (i.e.,
animals become aggressive [Cauvin, 1997]). Recently,
several studies have investigated the seriousness of
back pain problems in horses. Prevalences range from
4-22%, according to questionnaires, to 26—85% when
examined with specialized equipment (SEMG measure-
ments) and manual palpation by an experienced chiro-
practor (Landman et al., 2004; Lesimple et al., 2012).
In the present study, the prevalence of back problems
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was 31%; this is within the wide range of prevalences
found with clinical examination.

Risk factors reported as being associated with back
pain problems are riding techniques, saddle fitting, and
weight distribution (De Cocq et al., 2004; Lesimple et
al., 2012; Greve and Dyson, 2013). In the present study,
several other factors appeared to form a risk factor for
back problems. Horses with many different riders (e.g.,
horses in riding schools), and hence possibly different
riding skills, riders’ attributes, and riding level, had a
higher risk to develop back pain problems.

As compared to other species assessed with a Welfare
Quality protocol, horses are not only housed, fed, and
transported, but are also used by humans in many differ-
ent ways. With over 460,000 people in the Netherlands
being active in horseback riding, it has become the third
largest sport in the country (KNHS, 2012). For riding and
driving, horses are haltered and most of the time also wear
bits. Obviously, poorly fitted halters, poorly fitted bits,
strong hands on the reins, and incompetent riding skills
can cause discomfort in the horse’s mouth, possibly re-
sulting in irregularities in mouth corners and at the bars
(Tell et al., 2008; Quick and Warren-Smith, 2009; Cook,
2011). Although these problems are very well recognized
in the industry, the seriousness, in terms of prevalence, has
not been documented very well. In this study, 18.5% of
the horses were assessed with irregularities in the mouth
corners. These included old and fresh wounds. A much
smaller percentage of the horses (3.4%) showed irregu-
larities at the bars. Not surprisingly, the risk factor analy-
ses revealed that there is a significant relation between
irregularities in the mouth corners and being worked.

The assessment of horse welfare warrants a multi-
disciplinary approach in which risk factors for welfare
problems can be clearly identified to improve the wel-
fare standard and advise horse owners to adjust practices
and management accordingly. Within this study we did
not ask or investigate possible management or interven-
tion measures that horse owners or caretakers have tak-
en to increase the possible welfare deterioration because
of clinical conditions. In the present large-scale study,
welfare problems, under domestic horse husbandry con-
ditions in the Netherlands, have been assessed as objec-
tively as possible, with a minimum collection of data via
questionnaires. The prevalences of health problems and
the identified risk factors are valid for the horses in the
present study in which farms voluntarily participated.
Furthermore, the results may provide the basis for horse
welfare and health programs on farm and horse industry
levels. Moreover, due to the large scale of the study, the
horse owners who participated in the study have gained
a greater awareness on horse welfare aspects.
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