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Flexural and angular limb deformities (LD) are an important cause of early-life morbidity and mortal-
ity/euthanasia in Thoroughbred foals. The majority are congenital in origin but, to date, their precise
aetiology is poorly understood. We hypothesized that maternal- and pregnancy-level factors, particularly
those with potential to influence in-utero growth and development, could play an important role. The aim
of this study was therefore to investigate associations between such factors and early-life LD in Thorough-
Keywords: bred foals. A birth cohort was established on seven farms across the United Kingdom and Ireland and
Equine details of veterinary interventions for LD in foals in the first six months of life prospectively recorded.
Foal Details of dams’ signalment, breeding history and reproductive and veterinary history in the breeding

QeStatioﬂ ) season(s) of interest were retrieved retrospectively from stud farm and veterinary records. Associations
_];Enb de;o;m;ty between mare- and pregnancy-level factors and LD in offspring were assessed using multivariable logistic
oroughbre

regression. Records were available for 275 pregnancies in 235 mares, over two breeding seasons. Pregnan-
cies resulted in the birth of 272 live foals, 21% of which (n = 57/272, 95% CI, 16-26) required veterinary
intervention for LD in the first six months of life. Odds of LD decreased by 4% per day increase in ges-
tation length between 314 and 381 days (OR 0.96, 95% CI, 0.93-0.99, P = .01). Longer gestation length
appears to reduce the odds of early-life LD, including within the normal range of gestation length for
Thoroughbred foals. Further work is required to elucidate biological mechanisms behind this association.
© 2023 The Authors. Published by Elsevier Inc.

This is an open access article under the CC BY-NC license
(http://creativecommons.org/licenses/by-nc/4.0/)

1. Introduction

Recently published studies have highlighted congenital angu-
lar and flexural (contracture and laxity) limb deformities (LD)
as an important cause of early-life morbidity [1,2] and mortal-
ity/euthanasia [3,4] in Thoroughbred foals. It has been estimated
that up to 20% of foals are affected to the extent that some form
of intervention (exercise restriction, farriery and/or veterinary) is
required during the first months of life [1,2] Treatment and man-
agement of such cases is both costly and time consuming. Affected
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foals require additional farm resources in terms of stabling and ex-
ercise restriction, and frequently incur costs of remedial farriery
and veterinary interventions such as medical therapies and ban-
daging/splinting, alongside surgical correction in the most severe
cases [4-7]. In a survey to UK Thoroughbred breeders, a loss of
yearling sales value was reported in just under half of all individu-
als treated for these conditions [8]. This raises additional economic
concerns, particularly in the current financial climate where latest
industry figures estimate the median yearling sale to make a loss
of £33,000 [9].

Factors such as uterine positioning, abnormal fetal develop-
ment and disease or malnutrition of the mare have been postu-
lated as possible causes of congenital LD [5,6] but, to date, the
exact aetiology remains poorly understood. A higher prevalence
of conformational defects and nonseptic orthopedic disease have
been described in heavy Thoroughbred foals [10]. Mare-level fac-
tors such as age and parity, and pregnancy-level factors such as
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gestation length have previously been shown to influence both in-
utero growth and foal birthweight [11-16], and could therefore
also affect offspring LD status.

Epidemiological studies, such as the present work, provide
an opportunity to evaluate associations between maternal- and
pregnancy-level factors and early-life LD in foals under field con-
ditions. Findings could help inform future research, further under-
standing of the aetiology of LD, and inform management strate-
gies aimed at reducing their occurrence. The main objective of this
study was therefore to utilize available data from a birth cohort
study to investigate associations between mare- and pregnancy-
related factors and LD requiring veterinary intervention in foals be-
tween birth and 6 months (180 days) of age.

2. Materials and methods

Ethical approval was granted by the Royal Veterinary College’s
Clinical Research Ethical
Review Board (URN: 2018 1843).

2.1. Study design

A Thoroughbred birth cohort was established on seven farms
across the United Kingdom (UK) and Ireland. All foals born over a
two-year study period from the January 1, 2019 to the December
31, 2020 were recruited to the study and under observation from
birth until leaving the farm to enter training or study exit. Farms
recorded daily information on foals/yearling management practices
alongside any episodes where foals/yearlings were examined by a
veterinary surgeon or farrier, or received any medication for any
reason. Farms also provided access to stud and veterinary records
to allow for the collection of retrospective data on mare reproduc-
tive management and gestational exposures, and further details of
veterinary interventions and medication. For the purposes of this
study, the unit of interest was the pregnancy resulting in the birth
of a live foal in each season. Mare- and pregnancy-level exposures
were defined as variables related to the mare or the pregnancy
that were recorded between the date of last service and the date
of foaling (gestation). The follow-up period for foal outcomes was
from birth to 180 days of age or study exit.

Detailed methods of the overarching Thoroughbred birth cohort
project, of which this work forms one part, are described else-
where [2].

2.2. Sample size calculation

Sample size calculations were carried out in Stata (Release 16,
StataCorp LP, College Station, TX). For the purposes of the overar-
ching research project, using a survival analysis approach to inves-
tigate risk factors for early-life disease or injury a total sample size
of 220 foals to be monitored up to entering race training was re-
quired. This assumed a 25% outcome prevalence, study entry over a
6-month period, an average follow-up time of 20 months, median
survival in the “unexposed” of 20 months and a hazard ratio of 2.
For the present study using a “case-control” approach to identify
risk factors for LD, it was estimated that an odds ratio of at least
2 could be detected with 80% power in 270 pregnancies, assuming
an exposure frequency in “healthy” foals of 35% and an alpha error
of 5%.

2.3. Data collection and processing

Foals’ dams were identified, and their stud and veterinary
records retrieved. Where available, data were collected on mares’
signalment, previous breeding history, reproductive management
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during the breeding season(s) of interest, along with pregnancy-
level factors such as service and foaling date(s), covering stallion,
dystocia and details of any episodes of illness or injury that re-
quired veterinary intervention during gestation and any medica-
tions administered. All data were entered into a purpose-designed
form within a custom Access database (Microsoft Access 2016, Mi-
crosoft Corporation). Data on mare age, number of previous live
foals, status at the start of the breeding season and covering stal-
lion were verified with Weatherbys’ “return of mares” publications
[17] and the Racing Post website [18]. Status at the start of the
breeding season was categorized as foaling (mare produced a live
foal from the previous breeding season), maiden (mare had never
produced a live foal) and no live foal (mare had failed to produce
a live foal in the previous season but had previously produced one
or more live foals). Number of cycles covered to conception was
calculated as the number of oestrus cycles in the breeding season
of interest during which the mare was covered prior to a posi-
tive pregnancy diagnosis. Gestation length was calculated as foal-
ing date minus last service date. Episodes of mare illness and in-
jury during gestation were categorized, using diagnoses and clin-
ical descriptions recorded in veterinary records. To aid this pro-
cess, case definitions were created based on existing literature [19-
22] (Supplementary Table 1). Medications prescribed to pregnant
mares were initially described by active ingredient, then active in-
gredients were grouped by category, for example antibiotic or non-
steroidal anti-inflammatory drug (NSAID). The Veterinary Formu-
lary [23] was used to verify information.

A coded entry was made, by farm personnel in a data collec-
tion booklet provided for the purpose of the study, on any date
a foal was examined by a veterinary surgeon for any reason. Fur-
ther details of these events, including all clinical information pro-
vided by the attending veterinary surgeon, were collected retro-
spectively from stud and veterinary records. Foal outcome events
were identified from all available records within the follow-up pe-
riod (birth to 180 days of age). A case of LD was defined as a
foal in which a veterinary surgeon (i) made diagnosis of a flexural
(contracture or laxity) and/or angular deformity of any limb(s) and
(ii) recommended/prescribed at least one of the following inter-
ventions: exercise restriction, medication, remedial farriery, splint-
ing/bandaging and/or surgical correction. To aid identification of
cases, key descriptive terms for LD were created using existing lit-
erature [5-7] (Supplementary Table 2). Foal age at the time of the
event was calculated as the date of the event minus date of birth.

All veterinary and medication data were categorized indepen-
dently by two veterinary-qualified reviewers (R.M., ].C.A.); in case
of disagreement a third reviewer (K.V.) was available so a final con-
sensus decision could be made.

2.4. Statistical analyses

Analyses were carried out using Stata (Release 16, StataCorp
LP, College Station, TX). For the purpose of analyses in this study,
only the first veterinary-attended episode of LD in a foal was in-
cluded. Repeated episodes of the same condition requiring veteri-
nary intervention in mares as well as repeat prescriptions of the
same medication during gestation were not considered. To describe
mare- and pregnancy-level factors, histograms were plotted of con-
tinuous data and visually inspected for normality. Mean and stan-
dard deviation (SD) were reported for normally distributed data
and median and interquartile range (IQR) were reported for non-
normally distributed data, as well as the range. Frequencies, pro-
portions and 95% confidence intervals (CI) were calculated for all
categorical variables. The frequencies and incidence of LD (number
of new cases of LD/number of pregnancies), with 95% Cls, were
calculated at various levels of all exposure variables.
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Logistic regression was used to investigate associations between
mare- and pregnancy-level factors and having at least one episode
of LD requiring veterinary intervention in foals. Due to potential
data clustering [24] farm, mare and stallion were evaluated by fit-
ting them as random effects into an empty (null) model with the
outcome of interest. There was deemed to be evidence of cluster-
ing where the likelihood ratio test (LRT) comparing the random ef-
fect model to a null model resulted in P < .05. In such a case, the
variable would be fitted as a random effect in all univariable and
multivariable models. Farm was also evaluated as a fixed effect.

From available data collected from dams that produced a live-
born foal, a total of 16 exposure variables were evaluated as fixed
effects in logistic regression models alongside farm. These included
five mare factors (age, number of previous live foals, number of
cycles covered before conception, status at the start of the sea-
son and month of cover), four pregnancy-related factors (gesta-
tion length, dystocia, sex, and breeding season) and seven binary
(yes/no) gestational disease/injury and medication factors (mare
required veterinary intervention for musculoskeletal disease/injury,
for placentitis, for mastitis, mare received antibiotics, NSAIDs, al-
trenogest or sedative during gestation). The assumption of linear-
ity of association between continuous exposure variables and the
log odds of the outcome was assessed; where significant depar-
ture from linear trend was identified (LRT P < .05) variables were
modelled as categorical predictors.

Exposure variables were taken forward to be considered for in-
clusion in a multivariable model if the univariable LRT P < .20. The
multivariable model was built using a forward stepwise approach
with inclusion based on a LRT P < .05. All exposure variables taken
forward for multivariable modelling were evaluated for evidence of
confounding (estimates changed >20%) and interaction (LRT com-
paring models with and without the interaction term P < .05).
If detected, confounders and interaction terms would be reported
and retained in the final model.

The predicted mean probability of LD was estimated from the
final model using the margins command in Stata [25]. Fit of the
final model was evaluated using a Pearson’s goodness-of-fit test.
Statistical significance was set at P < .05. Residuals were plot-
ted against predicted values and any influential or outlying points
were identified and data manually verified for potential errors.

3. Results
3.1. Description of data

Data were available for 275 pregnancies, carried by 235 mares
on seven stud farms over two breeding seasons (three of the seven
farms contributed data in the second season, with n = 40 mares
conceiving in both seasons). Six farms were based in the UK and
one in Ireland. The average number of mares per farm over the
two breeding seasons was 34 (SD 22, range 10-104). Median mare
age at covering for the 275 pregnancies was 7 years (IQR 5-10,
range 3-22). At covering, 18% of mares (n = 48/272, 95% CI, 14-
23) were reported to be maidens (never previously bred), 18%
(n = 49/272, 95% (I, 14-23) were reported to have failed to pro-
duce a live foal from covering in the previous breeding season and
64% (n = 175/272, 95% Cl, 58-70) were reported to have produced
a live foal as a result of a covering in the previous breeding season.

Seventy-two percent of pregnancies (n = 197/275, 95% Cl, 66—
77) were conceived in 2018 and 28% (n = 78/275, 95% CI, 23-34) in
2019. Thirteen percent of pregnancies were the result of coverings
in February (n = 35/273, 95% CI, 9-17), 29% in March (n = 79/273,
95% CI, 24-35), 38% in April (n = 105/273, 95% CI, 33-44), 18% in
May (n = 49/273, 95% Cl, 14-23) and 2% in June (n = 5/273, 95%
Cl, 1-4). Coverings were performed by 89 different stallions; the
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maximum number of coverings per stallion was 33, the minimum
1 and median 2 (IQR 1-4).

Detailed description of conditions requiring veterinary interven-
tion in the mares and medications prescribed during gestation are
reported elsewhere [26]. Dystocia where the mare required signif-
icant manual intervention, such that the second stage of labor was
prolonged, was reported in 6% (n = 17/275, 95% CI, 4-10) of preg-
nancies. Mean gestation length was 344 days (SD 11, range 314-
381, n = 273). Pregnancies resulted in 138 colts and 137 fillies
(n = 197 born in 2019 and n = 78 born in 2020). Three of the
275 foals (1%, 95% ClI, 0-3) were reported as having died during
or shortly after the process of parturition following premature pla-
cental separation and/or dystocia, none of which were reported to
have been affected by LD. Of the 272 live foals, 21% (n = 57/272,
95% Cl, 16-26) were reported to have been diagnosed with LD that
required veterinary intervention at least once between birth and
180 days of age. Seventy-five percent (n = 43/57, 95% CI, 63-87)
were described as flexural and 25% (n = 14/57, 95% CI, 15-37) as
angular deformities; median age at veterinary intervention was 9
days (IQR 1-19, range 0-132). Table 1 gives a summary of reported
presentations of LD. Incidences of LD at the various levels of the
predictor variables are reported in Table 2. Further description of
LD cases and disease incidence in this cohort are reported else-
where [2].

3.2. Univariable analysis

Model fit was not improved by inclusion of farm, mare or stal-
lion as a random effect (LRT P = .10, P = .36 and P = .92 respec-
tively) when compared to a null model, therefore simple logistic
models were used.

Results of univariable analysis are given in Table 2. Gestation
length, farm, mares’ previous number of live foals, number of cy-
cles covered prior to conception and dystocia were found to have
a univariable P < .20 and were therefore taken forward for consid-
eration for inclusion in the multivariable model.

3.3. Multivariable analysis

Following multivariable analysis, only gestation length was
found to be associated with the odds of a foal being diagnosed
with at least one episode of LD requiring veterinary intervention
between birth and six months of age. No confounders or effect
modifiers were identified. The odds of LD decreased by 4% per day
increase in gestation length between 314 and 381 days, the range
observed in this study (OR 0.96, 95% CI, 0.93-0.99, P = .01). A
plot of the predicted mean probability of LD (predicted prevalence)
with 95% Cls, by gestation length, is given in Fig. 1.

Predicted prevalence (mean probability) of LD ranged from
around 45% at gestation length of 314 days to around 5% at a ges-
tation length of 381 days. The Pearson’s goodness-of-fit test found
no evidence (P = .57) to reject the null hypothesis that the final
model provided an adequate fit to the data.

4. Discussion

Findings from this study have updated current knowledge of
the incidence of LD during early-life in Thoroughbreds and re-
ported, for the first time, a continual and decreasing risk of LD
with increasing gestation lengths between 314 and 381 days, high-
lighting potentially important areas for further research into the
aetiology of this condition. In the study population, no foals with
gestation lengths >360 days required veterinary intervention for
LD in the first six months of life. Within the “normal” range of
gestation length for Thoroughbreds (320-380 days [27,28]) the fi-
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Table 1
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Summary of presentations of limb deformities (LD) requiring veterinary intervention between birth and 180 days of age in a cohort of 272 live foals, from 233 mares on
seven stud farms in the UK and Ireland over two breeding seasons (n = 194 conceived in 2018 and n = 78 in 2019).

LD presentation Cases (n = 57) Live foals (n = 272) Age (days)

n % 95% Cl n % 95% CI Median IQR
Flexural deformity 43 75.4 62.9-84.8 43 15.7 11.9-20.5 4 1-16
Contracture 36 63.1 50.1-74.5 36 13.2 9.7-17.8 6 1-30
Laxity 7 12.3 6.1-23.2 7 2.6 1.2-52 4 0-16
Angular deformity 14 24.6 15.2-37.1 14 5.1 3.1-84 18 10-30

Abbreviations: CI = confidence interval, IQR = interquartile range.
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Fig. 1. Marginal predicted mean probability and 95% confidence interval of a foal
being diagnosed with a limb deformity requiring veterinary intervention at least
once between birth and six months of age by gestation length, for gestation lengths
between 314 and 381 days. Calculated using data from 272 live-born Thoroughbred
foals from 233 mares on seven farms in the UK and Ireland over two breeding sea-
sons (n = 194 conceived in 2018 and n = 78 in 2019).

nal model predicted probabilities of early-life LD of around 40% at
320 days, 20% at 345 days and 10% at 360 days.

The present case definition of cases which were presented to
a veterinary surgeon and required some form of intervention, was
chosen in order to capture the more severe presentations of LD.
The follow-up period used in the present work (6 months, 180
days) was chosen to capture manifestations of LD that were most
likely to be congenital in origin, whilst allowing for possible de-
lays between clinical signs and veterinary intervention. Treatment
of flexural deformities (contracture) with intravenous oxytetracy-
cline is commonly performed in young foals in the first few days
of life [5]. Therefore, these individuals may be presented to a vet-
erinary surgeon earlier, as was the case in the present study, than
those with angular deformities, which are commonly treated us-
ing remedial farriery and various techniques resulting in retarda-
tion of the growth plates undertaken when individuals are older
[7]. In the Thoroughbred breeding industry, due to financial con-
straints and the expertise of farriers and farm personnel, it is not
uncommon for on-farm management and remedial farriery to be
attempted in many cases prior to seeking veterinary advice. Given
that farriery intervals can be of several weeks [7], such practices
could lead to substantial delays between clinical signs and vet-
erinary intervention for some presentations of LD. The incidence
of early-life LD reported in the present study (21%) is comparable
to those reported for noninfectious orthopedic conditions in Thor-
oughbred foals in the first 48 hours [1] and first month [10] of life
in previous studies. It is however interesting to note, if cases which
were reported to have received remedial farriery but were not ex-
amined by a veterinary surgeon were included, it is estimated that
up to 40% of the cohort may have been affected by LD [2].

It is recognized in horses, that premature foals (gestation length
<320 days) are at increased risk of incomplete ossification of the
small tarsal and carpal bones [29]. Although incomplete ossifica-
tion was not reported in the present study population, foals with
this condition most commonly present clinically with limb defor-
mities [29]. It is therefore interesting to note that in two previ-
ous studies, the degree of ossification of foals’ tarsal and carpal re-
gions, the neonatal skeletal ossification index (NSOI), was demon-
strated to be positively correlated with gestation length [30,31].
These studies had some limitations, such as small sample size
[30] and evaluation of only individuals with incomplete ossifica-
tion [31], however the shape of relationship described is in keeping
with that demonstrated in the present work. It is therefore plausi-
ble that incomplete ossification could have existed to some extent
in the present study population, in shorter gestation length indi-
viduals, but been diagnosed clinically as LD. For these reasons find-
ings from the present study, showing a continual decrease in LD
risk also within the normal gestation length period, could support
the need for further evaluation of skeletal ossification in foals af-
fected by congenital LD, rather than only in cases presenting with
gestation lengths <320 days and/or clinical signs of dysmaturity as
has been previously recommended [29].

In several studies, mares bred early in the breeding season were
observed to have significantly longer gestation lengths, compared
to those bred towards the end of the season [32-34]. It is be-
lieved that such differences arise from mares being somehow pro-
grammed to give birth in the northern hemisphere in the spring
season, to ensure the most optimal conditions for survival of off-
spring in the wild, in terms of weather and the availability and nu-
tritional content of pasture [35]. In the UK, additional concentrate
feed is commonly provided to mares in late gestation, where it is
believed that maternal overnutrition is commonplace [36]. Given
seasonal differences in pasture growth and nutritional availabil-
ity [37], it could be assumed that overnutrition may therefore be
more likely in later-foaling mares grazing rich spring grass. Obese
mares have been demonstrated to produce heavier foals [38], in
which conformational defects and nonseptic neonatal orthopedic
conditions are reported to be more prevalent [10]. Unfortunately, in
the present study birthweight data were only available for a small
number (n = 40) of individuals, and mare nutritional or body con-
dition data were not available. However, it is interesting to note,
that the incidence of LD in offspring from mares covered in June
(40%), which in the context of the above may be those most likely
to have both shorter gestation lengths and/or maternal overnutri-
tion in late gestation, was double that observed in offspring from
mares covered in earlier months (~20%). This highlights the im-
portance of furthering understanding of the influence of maternal
nutrition on foetal growth and development and congenital LD. It
is important to acknowledge that the number in this group of late-
foaling mares was low (n = 5), most likely due to reproductive
management practices directed towards breeding mares as early in
the year as possible, given that foals born earlier in the year are
more developed at both yearling sales and at commencement of
their two-year-old racing career [39]. However, until such time that
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Table 2
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Descriptive and univariable logistic regression analysis results of potential risk factors for early-life limb deformity (LD) in a cohort of 272 live-born foals from of 233
Thoroughbred mares on seven farms in the UK and Ireland, over two breeding seasons (n = 194 conceived in 2018 and n = 78 in 2019).

Variable Level n LD n % LD 95% CI (LD OR 95% CI (OR) Wald Likelihood ratio
incidence) P-value test P-value
Farm? 1 13 2 15.4 4.3-42.2 0.88 0.18-4.23 0.87 .03
(n =272) 2 134 23 17.2 11.7-24.1 Reference
3 22 8 36.4 19.7-57.0 2.75 1.03-7.33 0.04
4 32 11 345 20.4-51.7 2.52 1.03-5.95 0.03
5 24 7 29.2 14.9-49.2 1.99 0.74-5.34 0.17
6 25 1 4.0 0.7-19.5 0.20 0.03-1.56 0.12
7 22 5 22.7 10.1-43.4 1.42 0.47-4.23 0.53
Mare
Age" (years) 4-5 76 12 15.8 9.3-25.6 1.03 0.96-1.11 0.37 .37
(n = 272) 6-7 74 14 18.9 11.6-29.3
8-10 63 16 254 16.3-37.3
>10 59 15 25.4 16.0-37.8
No. of previous live foals?®:? 0 55 8 14.5 7.6-26.2 1.08 0.97-1.20 0.15 15
(n = 256) 1 44 8 18.2 9.5-32.0
2 47 6 12.7 5.9-25.2
3-4 61 20 328 22.3-45.3
>4 49 11 224 13.0-35.9
No. of cycles covered®® (n = 260) 1 187 42 225 17.1-30.0 0.68 0.39-1.20 0.19 19
2 56 11 19.6 11.3-31.8
>3 14 1 7.1 1.3-31.5
Status Foaling 172 40 238 18.1-30.7 Reference .52
(n = 272) No live foal 49 9 18.4 9.8-31.4 0.74 0.33-1.66 0.47
Maiden 48 8 16.7 8.7-29.6 0.66 0.28-1.52 0.33
Month of cover (n = 272) Feb 35 6 17.1 8.1-32.7 Reference .85
Mar 78 16 20.5 13.0-30.7 1.24 0.44-3.51 0.67
Apr 104 23 21.1 15.2-31.0 1.37 0.51-3.71 0.53
May 48 10 20.8 11.7-34.2 1.27 0.41-3.90 0.67
Jun 5 2 40.0 11.8-76.9 3.22 0.44-23.65 0.25
Pregnancy
Gestation length®® (days) 314-330 17 5 29.4 13.3-53.1 0.96 0.93-0.99 0.01 .01
(n = 270) 331-360 245 48 19.6 15.1-25.0
361-381 21 0 0 0-15.4
Dystocia®
(n = 272) No 256 51 19.2 15.5-25.2 Reference 12
Yes 16 6 375 18.5-61.4 241 0.84-6.94 0.12
Sex Colt 136 31 22.8 16.5-30.5 Reference 46
(n =272) Filly 136 26 19.1 13.4-26.5 0.80 0.44-1.44 0.46
Season 2019/20 194 43 22.2 16.9-28.5 Reference 44
(n = 272) 2018/19 78 14 17.9 11.0-27.9 0.77 0.39-1.50 0.44
Gestational disease, injury and medication
Musculoskeletal disease/injury No 155 35 22.6 16.7-29.9 Reference .96
(n = 200)
Yes 45 10 222 12.5-36.3 0.98 0.44-2.17 0.95
Placentitis (n = 200) No 191 43 22.5 17.2-28.9 Reference .98
Yes 9 2 222 6.3-54.7 0.98 0.20-4.91 0.98
Mastitis No 191 42 22.0 16.7-28.4 Reference 44
(n = 200) Yes 9 3 333 12.1-64.6 1.77 0.42-7.39 0.44
Antibiotic (n = 200) No 149 36 24.2 18.0-31.6 Reference 34
Yes 51 9 17.6 9.6-30.3 0.67 0.30-1.51 0.34
NSAID No 154 35 22.7 16.8-30.0 Reference .89
(n = 200) Yes 46 10 21.7 12.3-35.6 0.94 0.43-2.09 0.89
Altrenogest (n = 200) No 170 39 22.9 17.3-29.8 Reference 72
Yes 30 6 20.0 9.5-37.3 0.84 0.32-2.20 0.72
Sedative No 187 43 23.0 17.5-29.5 Reference .53
(n = 200) Yes 13 2 15.4 4.3-42.2 0.61 0.13-2.85 0.53

Abbreviations: CI = confidence interval; No. = number; NSAID = nonsteroidal anti-inflammatory drug; OR = odds ratio.

2 Univariable P < .20 and variable taken forward for consideration for inclusion into multivariable model.

b Mare age, number of previous live foals, number of cycles covered, and gestation length were modelled as continuous variables but grouped into categories to illustrate
LD incidence in progeny from each category; the number of pregnancies for which complete data were available are given in brackets (n) below each exposure variable.

the underlying mechanisms behind any such associations are fully
understood, breeding mares early in the season may offer some
protective effect in terms of the risk of LD in foals.

Both maternal disease and medication usage during pregnancy
have the potential to affect foetal growth and development [40],
which is why associations between such exposures and LD were
investigated in the present study. Placentitis, for example, is well
recognized in horses as having the potential to lead to in-utero

growth retardation, premature parturition and low birthweight
[41,42]. In terms of medications, phenylbutazone, one of the most
commonly utilized medications in the present population (23%
[26]), has not undergone definitive safety studies during pregnancy
in horses [43], despite fetotoxic effects having been reported in
experimental animal models [44]. Although no associations were
found between the gestational disease and medication exposures
investigated in the present work and early-life LD, it must be ac-
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knowledged that only a limited number were investigated, and
lack of data availability for all pregnancies and low case num-
bers for some conditions may have affected study power. Given
the frequency of gestational disease and injury (34%) and medi-
cation usage (47%) reported in this study population [26], further
work is required to evaluate associations between disease, injury
and medication usage in Thoroughbred broodmares and offspring
health outcomes.

The main limitations of this work were the retrospective nature
of the mare and pregnancy data, which were not collected specifi-
cally for the purposes of this study, and the relatively small sample
size which, as previously discussed, may have affected the statisti-
cal power of the study. Farms were self-selected as those willing to
prospectively collect data for the foals enrolled in the birth cohort
over a lengthy study period, which could affect the generalizability
of the findings. The use of veterinary records to identify early-life
LD in foals could have underestimated the true incidence of LD in
the population, as some cases may be managed on-farm without
veterinary intervention.

5. Conclusions

There is evidence to suggest that, also within the normal range
of gestation length for Thoroughbred foals, longer gestation lengths
may be associated with reduced risk of early-life LD. Further work
is however required to elucidate the biological mechanisms behind
this relationship. In the meantime, management strategies to breed
Thoroughbreds early in the year may, via seasonal differences in
gestation lengths and maternal nutrition, have the potential to of-
fer some protective effect.
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