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Abstract

Background: Up-to-date estimates of early-life morbidity and mortality in
Thoroughbreds are lacking.

Methods: A birth cohort was established on Thoroughbred stud farms across
the UK and Ireland. All veterinary interventions for disease or injury between
birth and 18 months of age or leaving the study were recorded. Multilevel
Poisson regression models with farm and foal as random effects were fitted
to estimate incidence rates.

Results: Data were available for 3328 foal-months at risk for 275 foals on seven
farms. The overall rates of disease and injury requiring veterinary interven-
tion and mortality were 11.9 cases/100 foal-months at risk (95% confidence
interval [CI] 8.6-16.2) and 0.2 cases/100 foal-months at risk (95% CI 0.1-0.4),
respectively. Almost half (n = 133/273, 49%, 95% CI 43-55) of the live-born
cohort required veterinary intervention for musculoskeletal disease or injury,
equating to 5.8 cases/100 foal-months at risk (95% CI 4.1-8.2), predominantly
reported as developmental orthopaedic disease (DOD).

Limitations: Convenience sampling of participants may affect the generalis-
ability of the findings.

Conclusions: Rates of musculoskeletal disease and injury, in particular DOD,
on Thoroughbred stud farms were high. Further work to identify modi-
fiable risk factors and further understanding of the economic impact of
these conditions and long-term consequences for musculoskeletal health and
performance is required.
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est in the postnatal period and declining thereafter,
with causes of mortality and disease varying with

Up-to-date estimates of early-life disease and mor-
tality in Thoroughbreds in a UK setting are currently
lacking. Such data are needed to inform the recently
published industry-led welfare strategy, which called
forimproved transparency around horses’ health prior
to entering training and the fate of individuals who
do not reach this milestone.! With evidence demon-
strating the potential of early-life disease to influence
later-life health and susceptibility to injury,” bench-
marking of disease and injury during this period would
also allow for future assessments of associations with
athletic ability and racing performance.

In young Thoroughbreds, disease and mortality
rates have historically been described as being high-

age.> With advancements in husbandry, manage-
ment practices and veterinary preventative healthcare,
rates of infectious disease, particularly in the neonatal
period, appear to have reduced over time.>>~’ How-
ever, musculoskeletal disease and injury appear to
remain important causes of both early-life morbid-
ity and mortality>® and, in a survey of Thoroughbred
breeders in Canada, were also reported as the most
common reason for yearlings to be deemed unsuitable
for racing.*

We studied the epidemiology of disease and injury
in young Thoroughbreds with the overarching aims of
the project being to understand the effects of early-life
exposures on later-life health and performance and
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identify modifiable risk factors that may potentially
reduce rates of injury and disease in this popula-
tion. The specific objectives of the study reported here
were to estimate the incidence of disease, injury and
mortality in Thoroughbreds between birth and 18
months of age on stud farms in the UK and Ire-
land and to describe between-age and between-farm
variation in disease/injury incidence. The results will
provide much needed transparency and benchmark-
ing of disease and injury in this population. Findings
from multivariable risk factor analyses and descrip-
tions of turn-out regimens and other farm man-
agement practices will be presented separately in a
future paper.

MATERIALS AND METHODS
Study design and period

A prospective cohort study was set up using a con-
venience sample of Thoroughbred studs across the
UK and Ireland. The study period started on 1 Jan-
uary 2019 and ended on 31 December 2020. Studs
were recruited to the project prior to the start of the
2018/2019 breeding season through consultation with
equine veterinary practices known to have Thorough-
bred stud farms under their care and via targeted
communications from the Tattersalls sales house, the
Thoroughbred Breeders Association and the Newmar-
ket Stud Farmers Association. Recruited farms were a
convenience sample of those willing to participate by
collecting daily management and health data and con-
senting to grant the researchers access to veterinary
and stud farm records. All foals born in 2019 on the
recruited studs entered into the study and were under
observation from birth until either exiting the study or
entering training/pre-training for racing at around 18
months of age. To increase the sample size, some studs
also agreed to enrol all foals born in 2020; these foals
were followed until exiting the study or 31 December
2020.

For the purposes of the overarching research project,
of which this study forms one part, sample size
calculations were carried out using Epi Info (STAT-
CALC version 7.2.5.0, Centres for Disease Control and
Prevention, USA). It was estimated that, for a sur-
vival analysis approach to investigate risk factors for
early-life disease or injury, a total sample size of
between 160 and 220 foals was required to be mon-
itored up to entering race training. This assumed
a 50%—25% exposure prevalence, study entry over
a 6-month period, an average follow-up time of 20
months, median survival in the ‘unexposed’ of 15-20
months and a hazard ratio of 2. It was estimated that
a sample size of between 137 and 316 foals would
be required to estimate a disease incidence between
10% and 30% with 95% confidence and 5% preci-
sion in a population of 15,000 foals (estimated size
of the combined UK and Ireland 2018 Thoroughbred
foal crop?®).

Data collection

Participating farms were given a customised daily
recording booklet in which they made a coded entry
that identified any day(s) that a foal received vet-
erinary intervention for any reason. Similarly, coded
entries were also made to identify days that foals
were attended to by a farrier, routine or otherwise.
Any periods where foals left the farm for any reason,
for example, for the mare to be covered, were also
recorded. Periodically, recording booklets were col-
lected, and stud farm and veterinary records were
retrospectively accessed to gain details of and rea-
son(s) for the veterinary intervention and farriery
booklet entries. Customised electronic data collection
forms were designed to ensure consistency of data col-
lected for each coded entry. Data were entered and
stored in a database (Access, Microsoft) specifically
built for the project.

Data processing

From all recorded veterinary intervention episodes,
‘new events’ were identified as episodes where a
foal received veterinary intervention for the first time
for a new condition. Episodes where a foal was
attended to again either for ongoing treatment or
recurrence of the same condition were therefore not
included. New events were then independently ver-
ified by two veterinary-qualified reviewers (R. M.,
J. C. A) and categorised by body system affected,
or syndrome where multiple systems were affected
simultaneously, and into infectious (where an infec-
tious pathogen was suspected/identified as the cause)
and non-infectious conditions. Further sub-categories
were created within body systems where case numbers
allowed. A third veterinary-qualified reviewer (K. V.)
was available to review data in case of disagreement.
Definitions and lists of key descriptive terms were
created from available literature®>°'6 to aid with
the categorisation process and are given in Table S1.
Similarly, farriery events were categorised into either
routine (trimming and/or shoeing) or remedial, where
corrective trimming, shoeing and/or the application of
extensions were undertaken.

Categorised veterinary and remedial farriery data
were imported into Stata (Release 16, StataCorp, Col-
lege Station, TX, USA) alongside foal data, which
consisted of date of birth, date of study exit and the
dates of any periods where foals were recorded as
having left the farm temporarily. Imported data were
merged using foal ID as the unique identifier and
sorted by observation date (date of veterinary or reme-
dial farriery event or date of leaving the farm). To
calculate the total time at risk for each foal, start and
end dates were created for each observation. The start
date of the first observation for each foal was the date
of birth (study entry). The end date was then either the
date of study exit for foals with only one observation
(i.e., those with no recorded veterinary or remedial far-
riery events, and which did not leave the farm), or the
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date of the next observation (event or off-farm period)
minus 1 day for those foals with multiple observations
in the dataset. The end date of the last observation for
each foal was the date of study exit. Time at risk was
calculated for each observation using the start and end
dates and added (where required) to provide the total
time at risk for each foal. Any periods where foals were
recorded as having temporarily left the farm were con-
sidered as not under observation, and were therefore
subtracted from the total time at risk. The age of the
foal, in days, at the time of each event was calculated
as date of event minus date of birth.

The study period was also further divided into 6-
month periods of foal age by generating entry and
exit dates. For example, for the first 6 months of life,
the entry date was the date of birth, and the exit
date was either the date of birth plus 180 days or the
date of study exit, if this was earlier. Similar methods
were used to generate entry and exit dates for periods
between 6 and 12 months (181-365 days) and 12 and
18 months (366-540 days) of age for all foals remain-
ing in the study at the beginning of each period. Total
time at risk for each 6-month period was then calcu-
lated from the respective periods’ entry date, including
all observations occurring within that period, to the
periods’ exit date or date of study exit if this was earlier.

Data analysis

Analysis was carried out using Stata (Release 16).
Data were described at the foal level. To describe
available data and descriptive features of the cohort,
histograms were plotted for continuous data and visu-
ally inspected for normality. The mean and standard
deviation (SD) were reported for normally distributed
data, the median and interquartile range (IQR) were
reported for non-normally distributed data, and the
range was reported for all data. Incidence risk was
calculated as the total number of cases (new events)
divided by the total number of foals at risk at the
beginning of the time period of interest. Data were
considered potentially clustered by farm; therefore,
incidence rates (total number of cases [new events]
divided by total time at risk for the period of inter-
est) were calculated by fitting a Poisson null model
with farm as a random effect. Rates and 95% confi-
dence intervals (CI) were calculated as cases per 100
foal-months at risk and generated for the study period
as a whole and for each 6-month period of foal age.
Differences in rates between 6-month periods of foal
age and between farms were assessed using Stata’s iri
command within the epitab suite,'” which calculates
incidence rate ratios and attributable fractions and
reports exact significance tests. Statistical significance
was set at p-value less than 0.05.

For some categories of disease (developmental
orthopaedic disease [DOD], musculoskeletal trauma,
wounds and conditions affecting the foot), more than
one new event in a foal was identified during the study
period; therefore, data were potentially clustered at the
foal level. Under such circumstances, rates were calcu-

lated by additionally adding foal as a random effect to
the Poisson model. Individuals were considered at risk
of a second event immediately following the first (i.e.,
it was assumed, for example, that it was possible for a
foal to sustain a second wound while under treatment
for the first). The results are presented with number of
cases and numbers of foals to indicate where multiple
events per foal were considered.

RESULTS

Data were available for 275 foals (7= 138 coltsand n =
137 fillies) born over two seasons (n =197 in 2019 and
n = 78 in 2020) on seven stud farms serviced by five
veterinary practices across the UK and Ireland (three
farms supplied data on foals born in 2020, all of which
had also supplied data in 2019). Foals were born to 235
mares (n = 40 foaled in both seasons), covered by 89
stallions. The average number of foals per farm was 39
(SD 39, range 122). The total time at risk for the cohort
was 99,850 foal-days, with a median time at risk/foal of
309 days (IQR 390, range 716). Figure 1 describes losses
to follow-up and destinations of individuals leaving
the stud farm by foal age for the study period. Table S2
gives a summary of time at risk data stratified by farm.

Incidence of disease and injury requiring
veterinary intervention

Over the study period, a total of 437 events that
required veterinary intervention for the first time for
a new condition were identified. A summary of the
types of new conditions requiring veterinary interven-
tion is given in Table 1, with incidences calculated for
the study period as a whole and stratified by 6-month
periods of foal age. Incidences of the most frequently
reported conditions stratified by farm are given in
Table S3. Three foals (1.1%, 95% CI 0.4-3.2) were still-
born (reported to have died during parturition) and
therefore excluded from disease and injury incidence
calculations.

The overall rate of disease and injury requiring vet-
erinary intervention (all new conditions) was 11.9
cases/100 foals-months at risk (95% CI 8.6-16.2),
equating to 12 foals requiring veterinary intervention
a month on a farm with 100 foals. Rates of disease
and injury were over three times higher (25.0 cases/100
foal-months at risk, 95% CI 19.3-32.7) in foals aged
between birth and 6 months of age than in those aged
6-12 (8.1 cases/100 foal-months at risk, 95% CI 3.6—
18.2) or 12-18 months (5.7 cases/100 foal-months at
risk, 95% CI 2.0-16.5) of age (both p < 0.0001). Over-
all, 71% (n = 195/273, 95% CI 66-76) of the cohort
required veterinary intervention for a new condition
during the study period. The distribution of age at vet-
erinary intervention for all new conditions is displayed
in Figure 2.

Musculoskeletal disease and injury (DOD, n = 91
cases; musculoskeletal trauma, n = 71; conditions
affecting the foot, n = 41; splint, n = 6; sesamoiditis,
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N=275
study start (birth; on
or after 1 Jan 2019)
n=3 still born
N=272
1 day
n=3 died
n=37 lost to follow-up
boarding mares*
n=25 lost to follow-up

N=207 farm 6 left study after 4 months

180 days
n=78 born in 2020, followed to 31* Dec 2020
n=T7 left farms to go to foal sales

N=122

365 days
n=1 died
n=15 left farms to go to yearling sales
n=5 left farms to go to pre-training

N=101

540 days
n=32 left farms to go to yearling sales
n=57 left farms to go to pre-training

N=I12

study end
(31* Dec 2020)
*boarding mares — reside on farm for foaling and re-covering then return home with foal at foot once
confirmed in foal
FIGURE 1 Flow chart of relative cohort size (N, boxes on the left), losses to follow-up and mortality, and destinations at study exit (n,

boxes on the right) by foal age (days) for a cohort of 275 foals born on seven stud farms over two seasons (n =197 in 2019 and n = 78 in 2020).

Study period was from 1 January 2019 to 31 December 2020

n = 3; thabdomyolysis, n = 1; osteomyelitis, n = 1;
septic arthritis, n = 1) was the most common cate-
gory of conditions, accounting for 49% (n = 215/437,
95% CI 44-54) of all cases requiring veterinary inter-
vention, affecting 49% (n = 133/272, 95% CI 43-55) of
foals, with an overall rate of 5.8 cases/100 foal-months
at risk (95% CI 4.1-8.2).

DOD was the most common condition requiring
veterinary intervention in the cohort, accounting for
21% (n = 91/437, 95% CI 17-25) of all new events,
with 28% (n = 76/272, 95% CI 23-33) of foals affected.
Half of all DOD cases required veterinary interven-
tion within the first month of life, and rates were over
three times higher in individuals aged between birth
and 6 months compared to those aged 6-12 months

(p = 0.006) and 12-18 months (p = 0.01) (Table 1).
Rates of DOD also varied significantly (p = 0.004)
between farms (Table S3). Reported presentations of
DOD requiring veterinary intervention are given in
Table 2. The majority of cases of contracture (74%, n =
28/38, 95% CI 58-85), angular deformities (81%, n =
13/16, 95% CI 57-93) and physitis (86%, n = 6/7,
95% CI 49-97) were reported to affect the carpi. Cases
of laxity mainly affected the fetlocks (88%, n = 6/7,
95% CI 49-97), with half described in the forelimb(s)
and half in the hindlimb(s). Subchondral bone cysts
were mainly reported in the stifle (80%, n = 8/10,
95% CI 49-94) and osteochondrosis dissecans (OCD)
lesions were mainly reported in the stifle (50%, n =
5/10, 95% CI 24-76), tarsus and fetlock (20% each,
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FIGURE 2 Distribution of age at time of veterinary
intervention for all new conditions occurring between birth
and 18 months of age or leaving the study in a cohort of 275
Thoroughbred foals born on seven farms in the UK and
Ireland over two seasons (n =197 in 2019 and n = 78 in 2020)
within a study period between 1 January 2019 and 31
December 2020
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Summary of presentations reported in 91 cases of developmental orthopaedic disease requiring veterinary intervention in a

cohort of 275 foals born on seven farms over two seasons (n =197 in 197 and n = 78 in 2020), within a study period between 1 January 2019

and 31 December 2020

Incidence Age at veterinary intervention (days)
Presentation n % 95% CI Risk® 95% CI Median IQR Range
Contracture 38 41.7 32.2-52.0 14.0 10.3-18.6 5 29 132
Angular 16 17.6 11.1-26.7 5.9 3.6-9.3 22 56 418
OCD 10 11.0 6.1-19.1 3.7 2.0-6.6 334 176 361
SBC 10 11.0 6.1-19.1 3.7 2.0-6.6 346 21 151
Laxity 7 7.7 3.8-15.0 2.6 1.2-5.2 4 16 19
Physitis 7 7.7 3.8-15.0 2.6 1.2-5.2 141 355 457
CVM 3 3.3 1.1-9.2 1.1 0.4-3.2 87 79 79

Abbreviations: Angular, angular deformity; CI, confidence interval; CVM, cervical vertebral malformation; IQR, interquartile range; OCD, osteochondrosis

dissecans; SBC, subchondral bone cyst.

2Incidence risk calculated as number of cases/total number of live foals excluding stillbirths (n = 3).

n=2/10, 95% CI 6-51). Overall, 43% (n = 33/76, 95%
CI 33-55) of individuals requiring veterinary interven-
tion for DOD were also reported as having undergone
remedial farriery, predominantly in cases of limb con-
tracture (42%, n = 14/33, 95% CI 27-59) and angular
deformities (27%, n = 9/33, 95% CI 15-44). A further
34 individuals were reported to have undergone reme-
dial farriery but did not receive veterinary interven-
tion for any conditions affecting the musculoskeletal
system.

Musculoskeletal trauma accounted for 16% (n =
71/437, 95% CI 13-20) of cases requiring veterinary
intervention during the study; rates did not vary signif-
icantly between age groups or between farms (Tables 1
and S3). In the majority (70%, n = 50/71, 95% CI 59—
80) of these cases, no specific diagnosis was made,
while 16% of cases (n=11/71, 95% CI 9-26) were frac-
tures, and in 14% (n = 10/71, 95% CI 8-24) of cases, a
diagnosis of haematoma was made. Fracture locations
were described as the fetlock (sesamoid, n = 2; proxi-
mal phalanx, n = 1), pedal bone (n = 2), head (frontal
bone, n = 1; maxilla, n = 1), pelvis (tuber coxae, n= 1),
carpus (n=1) and ribs (n=1).

Wounds accounted for 12% (n = 53/437, 95% CI
9-15) of all new veterinary events. Rates were signif-
icantly higher in individuals aged between 12 and 18

months than in those aged 0-6 months (p = 0.002) and
6-12 months (p = 0.01) but did not vary significantly
between individuals aged 0-6 and 6-12 months (p =
0.74) or between farms (Table S3).

Conditions affecting the foot accounted for 9% (n =
41/437, 95% CI 7-12) of new cases, and rates were
not significantly different between foal age groups or
between farms (Table S3). Almost all (95%, n = 39/41,
95% CI 84-99) of these records contained ‘abscess’ in
the description, 21% (n = 9/41, 95% CI 12-37) men-
tioned ‘hoof crack’ and 5% (n = 2/41, 95% CI 1-16)
mentioned ‘white line separation’.

Enteritis/colitis accounted for 4% (n = 21/437,
95% CI 3-7) of all new cases requiring veterinary
intervention during the study period. Rates were sig-
nificantly higher in individuals aged between birth
and 6 months than in those aged 6-12 months (p =
0.02); no cases requiring veterinary intervention were
reported in individuals older than 12 months. Rates
did not vary significantly between farms (Table S3).
Pathogens were only identified in 19% (n = 4/21, 95%
CI 8-40) of enteritis/colitis cases; however, data to con-
firm whether samples had been submitted from all
cases for pathogen identification were not available.
Pathogens reported were Lawsonia intracellularis (n =
3) and rotavirus (n=1).
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Pneumonia also accounted for 4% (n = 19/437, 95%
CI 3-7) of new cases requiring veterinary interven-
tion during the study period, with all cases presenting
in the first 6 months of life. In the majority (84%,
n = 16/19, 95% CI 62-94) of pneumonia cases, a
diagnosis of Rhodococcus equi infection was made
using ultrasonography, where pathognomonic lesions
of the condition were identified. Laboratory testing
to identify pathogens was not reported to have been
undertaken in any pneumonia cases. Rates of both
pneumonia and R. equi varied significantly between
farms (p = 0.02 and 0.005, respectively, Table S3).

Incidence of mortality

In total, seven foals died during the study period, giv-
ing an overall rate of 0.2 cases/100 foal-months at risk
(95% CI 0.1-0.4). Rates in the first 6 months of life
were around four times higher than those observed in
other age groups (Table 1), with 86% of cases (n=6/7,
95% CI 48.7-97.4) presenting in the first 31 days of life.
These differences were significant when compared to
individuals aged 6-12 months (p = 0.04) but not when
compared to individuals aged 12-18 months (p = 0.43).
Mortality did not vary significantly between individu-
als aged 6-12 months and those aged 12-18 months
(p=0.41) or between farms (Table S3).

Three foals were considered stillbirths, having died
during parturition where dystocia was reported. A fur-
ther foal was euthanased within the first 24 hours due
to congenital microphthalmia. One foal died at 5 days
of age while under veterinary treatment for perina-
tal asphyxia syndrome following premature placental
separation. One foal was found dead at 31 days of age
in the field, having sustained cranial trauma. A final
foal was euthanased at 369 days (31 months) of age fol-
lowing forelimb lameness of several weeks’ duration,
which was diagnosed as OCD of the fetlock and a large
subchondral bone cyst within the coffin joint.

DISCUSSION

This study has provided up-to-date estimates and
further description of causes of disease, injury and
mortality in Thoroughbreds between birth and 18
months of age on stud farms in the UK and Ireland.
Incidence rates of musculoskeletal disease and injury
were high, with nearly half of the cohort requiring vet-
erinary intervention for a musculoskeletal condition
at least once during the study period. DOD was the
most common condition overall, with incidence rates
observed to be highest in the first 6 months of life.
To date, the majority of previous evidence describ-
ing disease and injury in young Thoroughbreds has
presented estimates of either prevalence or incidence
risk.*>>7 1% Methods utilised in the current work, both
to estimate incidence rates using time at risk and to
adjust estimates for data clustering at the farm and
foal level to account for variation between farms and
foals within farms, therefore provide novel epidemi-

ological information about disease and injury in this
population. By comparing rates between ages, these
data also give clues towards the aetiology of certain
conditions, for example, where rates were observed
to be much higher in the first 6 months of life, in
utero and neonatal exposures might be important risk
factors for that condition.

Overall rates of disease within the present cohort
were over three times higher in the first 6 months of life
compared to all other age periods, with around one-
third of all new cases receiving veterinary intervention
in the first 30 days of life. These findings mirror pat-
terns previously described in non-UK studies where
disease incidence risk was highest in the neona-
tal period and then declined with age.*>" Similarly,
in keeping with findings from other Thoroughbred
populations,'?-?! musculoskeletal disease and injury
were by far the most common reasons for individuals
requiring non-routine veterinary intervention, affect-
ing half of the cohort and around six cases/month/100
foals. High rates of musculoskeletal disease and injury
are of particular concern in young Thoroughbreds
due to early-life exposures not only having the abil-
ity to affect developmental processes but also to alter
susceptibility to injury and disease in later life.> Thor-
oughbreds’ ability to achieve their maximum athletic
potential and financial returns through sale and race
earnings are heavily reliant on the health and dura-
bility of their musculoskeletal system.?” Findings from
this work therefore highlight the importance of evalu-
ating the effects of these early-life disease and injury
exposures both on horses’ sales, training and rac-
ing outcomes, and stud farms’ production costs and
profitability.

DOD was the most common condition requir-
ing veterinary intervention overall, and also the
most frequently reported musculoskeletal condition
in the study population. Previous studies from other
countries'®?3-26 have estimated that up to two-thirds
of Thoroughbreds could be affected by the condi-
tion. It is important to consider in the present study
that, due to financial constraints and the exper-
tise of farriers and farm personnel, many milder
cases may well have been managed on farms with-
out seeking veterinary advice. To highlight this, if
cases that were reported to have received remedial
farriery, but not veterinary treatment, were included
in the present study, it would be estimated that at
least 40% of the cohort may have been affected by
the condition. Diagnostic imaging studies have also
demonstrated that many presentations of DOD can
go undetected, particularly in early life, if routine
screening is not performed,”’”?® as was the case in
the present study, where radiographs were taken only
of a limited number of individuals prior to attending
yearling sales. Alongside this, specific diagnoses were
not made for the majority of cases of musculoskeletal
trauma. Acute onset of clinical signs (lameness, pain,
joint distension) is commonly reported in individu-
als with osteochondral or subchondral cystic lesions,
which may be misdiagnosed as traumatic lesions if
diagnostic imaging is not carried out.”?’ For these
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reasons, rate estimates for DOD in the present study
are likely to underestimate true rates of the condition
in the population.

A recently published study highlighted the impor-
tance of congenital DOD lesions as a cause of neona-
tal mortality in Thoroughbreds.* Findings from the
present work suggest that congenital DOD lesions are
also an important cause of neonatal morbidity, with
half of all DOD cases requiring veterinary treatment
within the first month of life. Incidence rates of DOD
were highest in the first 6 months of life, during which
it was likely in some cases that on-farm management
and remedial farriery would have been attempted as
a first-line treatment. With farriery intervals of several
weeks’ duration, such practices would lead to consid-
erable delays between the onset of clinical signs and
veterinary intervention. It may therefore be reason-
able to hypothesise that the majority of DOD lesions
observed in the first 6 months of life were likely to be
congenital in origin. Rates of DOD varied significantly
between farms for the study period as a whole. It is
important to acknowledge that while these differences
may reflect true differences in rates of these condi-
tions between farms, they may also reflect (as could
also be the case in other conditions where significant
between-farm differences were reported) differences
in elected levels of on-farm veterinary intervention
and diagnostics, the relative value of individuals and
whether they were to be prepared for sale.

Historically, infectious disease was the most com-
mon cause of neonatal morbidity and mortality in
Thoroughbreds.>” However, estimates of neonatal
infectious conditions in the present work were con-
siderably lower than those from much older studies.®’
This suggests that, most likely due to advancements
in husbandry and management practices and an
increased focus on preventative veterinary medicine
and vaccination,® non-infectious orthopaedic condi-
tions now represent the most important cause of
neonatal and early-life morbidity in Thoroughbreds.
Further understanding of the role of in utero expo-
sures in the aetiology of conditions such as DOD are
therefore warranted.

In the present study, the majority (87%) of deaths
occurred in the first 31 days, mirroring distributions
of mortality described in other studies.>’ The mor-
tality estimate (2%) compares favourably to figures
previously reported in the USA, where 5% of a cohort
of 2468 Thoroughbred foals on 167 farms died by 6
months of age,7 in Ireland, where 6% of 343 Thorough-
bred foals on four farms died (including stillbirths)
by 12 months of age,5 and in Canada, where owners
reported that 11% of 805 live Thoroughbred foals died
in the first year of life.* It is important to acknowledge
that such differences may be due to true differences
in disease and injury between populations but may
also be affected by levels of veterinary intervention,
elective euthanasia and the value of individuals. The
stillbirth estimate in the present work (1%) was similar
to those reported in other studies.>*"3!

The main limitations of this study were the non-
random selection of participants and loss to follow-up,

which are inherent to the study design. However, these
limitations may be balanced by the superior level
of evidence generated by prospective longitudinal
studies.®” Participants were self-selected as those will-
ing to collect data over a lengthy period, which could
introduce bias as the study population may not be
representative of the population as a whole, although
farms were a mixture of sizes and owner-breeder and
commercial enterprises from a range of geographi-
cal locations and veterinary practices. Bias may also
have been introduced by the use of veterinary events
to identify disease due to differences in levels of on-
farm veterinary intervention. Biases were minimised
by adjusting for potential farm-level clustering within
data when calculating estimates; however, sample size
calculations were not adjusted for this and may there-
fore be conservative. Alongside this, loss of individuals
to follow-up, mortality during the study period and
foals born in 2020 only being followed for the first year
of life (Figure 1) could lead to reduced power in some
estimations; however, methods utilising time at risk
minimised this.

In conclusion, rates of musculoskeletal disease
and injury requiring veterinary intervention in young
Thoroughbreds on stud farms in the UK and Ireland
are high and now represent the most important cause
of early-life morbidity and mortality in this popula-
tion. Overall, DOD is the most frequently reported
condition, particularly in the first 6 months of life.
Such conditions may influence affected individuals’
ability to achieve their maximum athletic potential,
and therefore, further work to identify risk factors,
evaluate economic implications and assess longer
term consequences, including effects on future racing
performance, are clearly warranted.
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