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Highlights

e The incidence for sudden death in Finnish standardbred was 3.9/100 000 starts

e The incidence for sudden death in Finnish coldblooded trotters was 2.9/100 000 starts

e The incidences for sudden death were higher than for catastrophic musculoskeletal injuries in
both breeds

e SD was mainly related to vessel rupture or unexplained reasons (presumed cardiac arrest)

e The study could not show clear indices for genetic cause in sudden cardiac death

Abstract

Exercise-associated sudden deaths (EASDs) are deaths occurring unexpectedly during or immediately
after exercise. Sudden cardiac death (SCD) is one cause of EASD. Cardiac arrhythmias caused by
genetic variants have been linked to SCD in humans. We hypothesize that genetic variants may be

associated with SCD in animals, including horses. Genetic variants are transmitted to offspring and
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their frequency might increase within a family. Therefore, the frequency of such variants might
increase with the inbreeding factor. Higher inbreeding could have a negative impact on racing
performance.

Pedigree data and career earnings from racehorses diagnosed with SCD between 2002 and 2017 were
compared using non-parametric tests with 1) control horses that died due to catastrophic
musculoskeletal injuries and 2) horses that raced during the same period without reported problems.
Diagnosis of SCD was based on necropsy reports, including macroscopic and microscopic
examinations.

Death was registered in the study period for 61 horses. Eleven of these horses were excluded due to
missing autopsy reports. In 25 cases, the diagnosis remained unknown and death was possibly caused
by cardiac arrhythmia, in 2 cases cardiac disease was identified, in 7 cases a rupture of a major vessel
had occurred. In addition, 16 horses died or were euthanized due to severe musculoskeletal injuries.
No significant differences in inbreeding coefficients or in career earnings were found between the
groups or between horses with EASD compared with other horses racing during the same period.

The study provides no evidence for increased inbreeding factor in Finnish racehorses with SCD.

Keywords
Inbreeding coefficient; coldblooded trotter; standardbred trotter; post-mortem examination; exercise,

sudden cardiac death
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1. Introduction

Fatal incidents, often reported as exercise-associated sudden deaths (EASDs), occur relatively often
during equine sporting events, but are only sporadically reported, and many countries have no official
register [1]. While musculoskeletal injures have recently been reported to have an incidence of
117/100 000 starts [2], EASD of unknown origin has been reported to have an incidence of 8-30/100
000 starts in Standardbreds (STB) or Thoroughbreds (THB) depending on the racing discipline [3-5].
Recently, in Scandinavia, more attention has been paid to EASD in equine athletes, and in Finland
necropsy has been mandatory for all horses with a fatal incident on a racetrack since 2002. Earlier
publications have reported that 20-69% of these EASD cases do not have structural lesions sufficient
to explain the death on necropsy [1, 6-8]. Such deaths are frequently attributed to a cardiac origin. In
humans, several cardiac disorders have been linked to sudden cardiac death (SCD) in athletes [9-11],
including channelopathies such as the repolarization disorder long QT syndrome (LQTS). LQTS
presents on the surface ECG as an increased interval between the Q and T wave and is associated with
an increased risk of Torsade de pointes arrhythmias and SCD. Inherited LQTS has been associated
with mutations in genes encoding ion chanrels, particularly voltage-gated K* channels [12], including
the genes KCNQ1 and KCNH2 encoding the voltage-gated channels K, 7.1 and K,11.1, respectively.
Mutations in KCNQ1 are associated with arrhythmias during high sympathetic stimulation and SCD
during exercise [13, 14]. Sympathetic drive is therefore important in the inherited form of LQTS, and,
as in humans, horses might be at risk of severe arrhythmias due to repolarization disorders in relation
to sympathetic activation during exercise or in stressful situations. Equine K, 7.1 and K,11.1 have
been sequenced and shown to have similar importance as is humans in repolarization [15, 16].
However, no data are available on genetic variants of these K* channels or on their potential
involvement in the occurrence of SCD in horses. In humans, the most common forms of LQTS are
typically inherited in an autosomal dominant manner, whereas some of the less frequent forms have a
recessive inheritance or an incomplete penetrance [17, 18]. In dogs, several inherited cardiac disorders
are known, including arrhythmogenic disorders leading to SCD [19-21]. Pedigree analyses in this
species have proposed autosomal dominant inheritance, autosomal dominant inheritance with

incomplete penetration, and autosome recessive inheritance or polygenic inheritance [19, 20, 22]. An
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autosomal dominant inheritance seems improbable in horses since SCD appears to have a low
incidence and no family predisposition has been described even in closely monitored breeds. A
genetic variant with low penetrance or a multigenetic deleterious combination that causes disease only
when all or most of the involved genes are homozygously expressed is more probable. Also, it is well
known that inbreeding increases the frequency of recessive traits and diseases due to an increasing
probability for an offspring to be homozygous for a deleterious recessive gene. The associated
reduction in fitness has been referred to as inbreeding depression [23]. Based on pedigree analyses in
different horse breeds, inbreeding depression has been linked to reduced racing performance [24, 25],
unfavourable conformation traits [26], and reduced fertility [27-30]. A recessive or multigenetic
condition with low penetrance could therefore translate into reduced fitness in parallel with an
increased inbreeding factor. However, the relationship between the inbreeding coefficient and fatal
incidents, such as EASD, during races has never been investigated. Diminished racing performance
could potentially be reflected in reduced performance parameters. However, few easily accessible and
reliable parameters exist for racing performance. Career earnings, even if imprecise, would be an easy
approach to obtain a rough overview of racing results.

We hypothesize that genetic variants or inbreeding may be associated with SCD in animals, including
horses. The aim of this study was to analyse the frequency and causes of EASD in the Finnish
racehorse population based on necropsy reports collected between 2002 and 2017. We then compared
the inbreeding coefficients in horses with SCD with those of horses that died from other causes as
well as with all horses racing during the study period. Lastly, we compared the mean career earnings
of horses with SCD with those of horses that died from other causes and horses that raced during the

study period.

2. Materials and Methods

2.1. Horses

A full necropsy has been performed on all horses dying on a racetrack in Finland since 2002 by the
Veterinary Bacteriology and Pathology Research Unit of the Finnish Food Authority. All necropsies

are performed under the supervision of an experienced board-certified pathologist. Reports from 2002
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to 2017 were reviewed for analysis. The Finnish racehorse population included Finnish standardbred
racehorses (FSTB) and Finnish coldblooded racehorses (FCB). These two breeds were analysed
separately. Exercise-associated sudden death (EASD) was defined as an acute collapse and death
during or immediately after racing (including the warm-up period of a maximum of 1 hour 30 min
prior to the race and the cool-down period up to 15 min after the race) in a closely observed
apparently healthy horse in the absence of clinical data indicative of a catastrophic orthopaedic injury
[3]. SCD was defined as a case of EASD based on macroscopic and microscopic examinations judged
by the pathologist to be certainly or presumptively related to a sudden cardiac arrest and in which
there were no pre-existing lesions that would explain the acute death [1]. The necropsy included
systematic macroscopic inspection of all organ systems, and histological samples were taken from all
major organs and from all organs with macroscopic changes. The histological sections were stained
with haematoxylin and eosin. The group of SCD was further divided into two subgroups: SCD with
unknown origin (SCD-unknown, SCD,) when the death was related to cardiac arrest in the absence of
identifiable macroscopic or histological findings other than congestion of the lung or other organs and
SCD with identified cardiac lesion (SCD-cardiac disease, SCDy).

Horses in which a rupture of a major vessel was identified with associated internal haemorrhage were
classified in the group “vessel rupture” (VR). The group of horses classified as catastrophic
musculoskeletal injuries (CMI) consisted of horses that were closely observed and previously healthy,
but that had died or were euthanized during or immediately after racing (in the observation period
from 1 hour 30 min prior to the race to 15 min after the race) due to catastrophic musculoskeletal
injuries that cause immediate death or necessitate euthanasia due to the severity of the lesion and the
associated poor prognosis. An overview of the classifications of the groups and the numbers of horses
is provided in Figure 1. Horses born in the same years as horses in the SCD and CMI groups that are
registered as having been racing in Finland were used as a reference population (group “raced”).
Lastly, the money earned during the entire career by the horses that died at the racetrack was
compared with the mean career earnings of racehorses of the same age as the deceased horses at the
time of death. Incidence of fatality was calculated per 100 000 starts. The pedigree data for each

horse, the number of races (official recorded race, excluding qualification races) and starts (a horse
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participating in an official recorded race), and the career earnings were available from the Finnish

Trotting and Breeding Association (Suomen Hippos).

2.2. Data analyses

The findings in the necropsy reports were reviewed for consistency with the diagnoses of EASD and
SCD. Due to the low number of cases, the assumption of normal distribution was difficult to assess,
and a non-parametric approach was chosen. The results are therefore reported as median, range, and
2.5-97.5 percentiles. In FCB horses (N=7), only descriptive results were reported. For FSTB horses,
non-parametric analyses were performed. Homogeneous distribution of age, gender, and incidence of
fatality in the groups was analysed with Fischer’s Exact test. Incidence of fatality among groups was
compared with a Mann-Whitney test. The inbreeding coefficients were calculated by taking into
account all registered ancestors in the pedigree with the software CFC' and compared with a Kruskal-
Wallis test and Dunn’s test for correction of multiple comparisons. The career earnings of the horses
in each group were compared with a Mann-Whitney test or a Kruskal-Wallis test and Dunn’s test for
correction of multiple comparisons when more than two groups were compared. Horses were further
divided into groups based on whether they earned more or less than the mean career earnings of same-
aged horses. This was done for all groups of horses (EASD, SCD, VR, and CMI). The results were
analysed using Fischer’s Exact test.

Statistical analyses were performed with commercially available software.>* A p-value of less than

0.05 was deemed significant.

' CFC, Contribution, Inbreeding (F), Coancestry, version 1.0, released 2006, downloaded at

http://animalbiosciences.uoguelph.ca/~msargol/

> GraphPad Prism, version 7.00 (GraphPad Software, San Diego, CA, USA, www.graphpad.com)

* R-software®, version 3.1.0 (R Development Core Team, Vienna, Austria)
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3. Results

Between 2002 and 2017, altogether 61 horses died or were euthanized during or immediately after
racing, on average 4.1 horses/year. In this period, 127 949 races took place (average 7996 + 858
(standard deviation (STD)) races/year), representing 1 086 259 starts (average 67 891 + 6929 (STD)
starts/year). The incidence of fatality over the study period was 5.9/100 000 starts. For 11 of these
horses, the autopsy report had not been registered electronically, and therefore, was not available at
the time of study (see Fig. 1). These horses were excluded from further analyses. For 34 racehorses
(27 FSTB and 7 FCB), the diagnosis after necropsy examination was EASD, on average 2.3
horses/year (1.8 FSTB/year, 0.5 FCB/year). The incidence for EASD in FSTB was 3.9/100 000 starts
and in FCB 2.9/100 000 starts. During the same period 16 horses (15 FSTB and 1 FCB) died or were
euthanized for CMI (1.06 horses/year, 1.0 FSTB/year, 0.06 FCB/year). The incidence for CMI in
FSTB was 2.2/100 000 starts and in FCB 0.3/100 000 starts. The incidence of EASD was higher than
the incidence of CMI in both breeds (significant for FSTB, p=0.03). Demographic data are presented
in Table 1. No significant difference in gender distribution (p=0.36) or age (p=0.94) emerged among
the groups. The findings in necropsy reports are summarized in Table 2. In the FSTB group, 21 cases
were diagnosed with SCD. In 2 cases, lesions that could have caused the SCD were identified in
cardiac tissue (SCD-cardiac disease, SCDq). The diagnoses were mild lymphocytic myocarditis in
association with a bronchointerstitial pneumonia consistent with the suspicion of viral infection and
hamartoma. The remaining 19 cases were classified as SCD of unknown origin (SCD-unknown,
SCD,) based on the diagnosis peracute cardiac arrest with no changes other than acute congestion in
the lungs and other organs. In the FCB group, no cardiac disease was diagnosed; all SCDs were
classified as SCD,. In 7 cases (6 FSTB, 1 FCB), death was caused by a ruptured vessel with related

massive blood loss or cardiac tamponade due to a haemoperitoneum (group “vessel rupture”, VR). In
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5 cases (4 FSTB, 1 FCB), the vessel could be identified. In 4 cases (3 FSTB, 1 FCB), the aorta was
ruptured and in one FSTB case a major mesenteric artery. In 16 cases (15 FSTB, 1 FCB), death or
euthanasia was explained by the presence of catastrophic musculoskeletal injury (group CMI). In 14
cases, the horses required euthanasia due to the severity of the injuries and the associated poor
prognosis, and in 2 cases the horse died immediately after the injury before any medical treatment
could be applied. There were 20 958 FSTB and 9986 FCB born in the same period as the SCD and
CMI horses registered as having been or being raced (referred to in the paper as the racing population,
or group “raced”).

The calculated inbreeding coefficients are summarized in Table 3 and Figure 2. Comparison with a
Kruskal-Wallis test revealed no significant difference between the inbreeding coefficients calculated
for the groups “raced”, CMI, SCD, or VR.

The career earnings in the groups are summarized in Figure 3. No significant difference emerged
between the FSTB groups (comparison EASD vs. CMI, p=0.40; comparison SCD vs. VR or CMI,
p=0.53). Further, the proportion of horses earning more or less than the mean career earnings of
horses of the same age was not different between the groups (EASD vs. CMI, p=0.20; SCD vs. CMI,

p=0.09; VR vs. CMI, p=1.0; Figure 4).

4. Discussion

This study reports the number of horses that died or were euthanized during or immediately after
racing in Finland over a 15-year period. The overall incidence of fatality with 5.9/100 000 starts was
lower in our study population than in data published for THB in flat races (44-76/100 000 starts [4,
31]) or for STB (64/100 000 starts [5]). The incidence for EASD in our study (FSTB 3.9/100 000
starts, FCB 2.9/100 000 starts) was also lower than in the data published in THB in flat races (8-
10/100 000 starts [4, 31]) or for STB (10/100 000[5]). In contrast to former studies where CMI was
the predominant cause of death [4, 5, 31], in the Finnish racehorse population more horses had died
from EASD than from CMI. There is no obvious explanation for this finding, however, a recent meta-

analysis reported also differences in incidence of CMI in different geographic regions and highlighted
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that factors such as differences in management, race category, and jurisdiction might explain part of
these discrepancies [2].

Most of the horses with EASD were classified as SCD based on acute congestion in the lungs and
other organs in the absence of specific macroscopic or microscopic findings, as defined in the
Materials and Methods section. In accordance with earlier studies, the horses that died from SCD on
racetracks in Finland often showed pulmonary congestion, haemorrhage, and/or oedema [1, 7]. These
findings are, however, unspecific, and therefore, most of the horses were finally classified as SCD,.
By using this approach, we accounted for the fact that in these cases the actual biochemical or
functional cause of the acute cardiac arrest was only speculative, as discussed by Lyle et al. [1].
Possible causes for acute cardiac arrest in these cases include acute pain, electrolyte and/or acid-base
imbalance, or hypoxia. However, also such disorders as functional abnormality in the conduction
system, abnormal cardiomyocyte physiology, or latent metabolic disease would have been included in
this group. To date, such causes have been virtually impossible to diagnose in veterinary medicine.
Therefore, the proportion of cardiac death of unknown cause is reported to account for 20-69% of
EASD cases at necropsy [1, 6-8]. Cardiac lesions are rarely described, despite some studies reporting
up to 25% of cases with macroscopic or histological cardiac lesions [1, 32]. The described lesions
were mostly related to changes in chamber size, myocardial inflammation, or fibrosis [1, 32].
However, the significance of these findings is still undergoing debate [6]. Viral infection can
potentially lead to myocarditis in the horse [33] and may contribute to the death of horses with mild
lymphatic myocarditis. In contrast, well-defined heart diseases, such as hypertrophic cardiomyopathy,
coronary arterial diseases, or arrhythmogenic cardiopathy, are commonly identified in human athletes
with SCD [9-11]. Further, pre-screening programmes exist to identify such anomalies in athletes in
order to minimize the risk of SCD during exercise [34]. However, such examinations do not exist in
equine medicine. The lack of diagnostic tools or procedures to predict EASD in horses is a real issue
for driver and rider safety as well as for animal welfare. A uniform post-mortem examination
protocol, as recently proposed [35], would contribute to better understanding of SCD in horses.
Rupture of large vessels in horses is regularly reported, accounting for up to 9% of deaths [1, 7, 32].

The diagnosis is supported by the large amount of blood found in body cavities and identification of
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the side of rupture of the vessel. However, in up to 50% of cases, the site of rupture cannot be
identified [7, 32]. Similarly, the anatomical location of the ruptures could not be specified in two
cases of our population. In accordance with the findings of DeLay et al. [32], the aorta was more
commonly affected in our population. However, in some previous studies ruptured intra-abdominal
vessels were identified more often [1, 7]. Therefore, rupture of a main intrathoracic or intra-abdominal
artery remains an important differential diagnosis for EASD on a racetrack. Spontaneous rupture due
to acute hypertension during excitement or racing has been considered as the most probable cause of
EASD in racehorses [36]. Histological changes identified in the aorta of the racehorse [37] have been
speculated to weaken the aorta, facilitating the rupture. Whether these changes are related to
locomotion-associated trauma, as postulated for capillary lesions in the lung, causing equine exercise-
induced pulmonary haemorrhage [38], or to genetic-based altered metabolism of the extracellular
matriX, as speculated for Frisian horses [39], remains to be elucidated.

The inbreeding coefficients calculated for the group “raced™ in FSTB and FCB reflected closely the
inbreeding coefficients reported in 2009 for the same breeds [27]. The inbreeding coefficient for the
group “raced” was lower in FCB (0.039) than in FSTB (0.108). The inbreeding coefficient for FCB
was similar or slightly lower than for other breeds with a relatively small population, e.g. Campolina
horses (0.024) [26], Franches-Montagnes horses (0.06) [40], Norwegian-Swedish coldblooded trotters
(0.062) [41], or Black Forest Draught horses (0.075-0.096) [29]. Regarding the FSTB, the inbreeding
coefficient for our population was higher than that found in a French study (0.024) [42] and similar to
that published in the USA (0.103) [30]. The inbreeding coefficient was lower than for THB (0.13)
[43]. In several populations, the inbreeding coefficient tends to increase over the years, especially for
smaller populations or for breeds with high selection pressure, despite efforts of breeding programmes
[26, 29, 40, 41, 44]. Further, an inbreeding depression has been reported to start with an inbreeding
coefficient around 0.12 [45]. The inbreeding coefficient for FSTB with EASD in our study population
approached this value. As reported for performance parameters [24, 25] or fertility [27-30], the high
inbreeding coefficient could point towards a reduced genetic fitness and a more fragile constitution,
making our study population more vulnerable to fatal incidents. However, the horses with SCD were

not more inbred than the horses in the group “raced” with vessel ruptures or with CMI. Further, the
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overall incidence of fatality was low compared with results for other countries. Therefore, we found
no clear evidence for increased inbreeding in FSTB or FCB with SCD, and, in turn, the study does not
provide any compelling evidence for the impact of genetics on the development of SCD and vascular
rupture in the examined Finnish racehorse population. This result is in accord with a recent genome-
wide association study (GWAS), where none of the tested alleles seemed to be associated with SCD,
TBH, or STB [6]. Furthermore, we could not show any evidence that the horses with SCD had greater
or lower career earnings than their peers racing during the same period.

One of the main limitations of the study is the poor definition of SCD. There is certainly a consensus
that a better definition is needed [35], but we used the most objective definition currently available,
which is based on results of a full necropsy, including meticulous macroscopic and microscopic
examinations [1, 3, 6]. To account for this weakness, we provide the group SCD,. However, basing
our diagnoses on the results of necropsies led to exclusion of 11 horses due to missing necropsy
reports. We include these horses in the calculation of incidence of fatality in the study population, but
we excluded them from the analyses of inbreeding coefficient or cause of death. Consequently, we
had a low number of horses for analysis in this part of the study, comprising a further limitation.
Because of our definition of EASD excluding horses with clinical data indicative of a catastrophic
orthopaedic injury, we cannot fully rule out that some of these horses had orthopaedic injuries due to
cardiac arrest. Further, some of the horses might have had unnoticed dynamic obstruction of the upper
airways that could have contributed to EASD.

Comparing the inbreeding coefficient in case and control groups is an indirect way of
proving/disproving the involvement of genetics. Still, it is a simple approach to merely gain an
overview, although our results are consistent with recently published results for a GWAS [6]. It is,
however, important to bear in mind that to draw conclusions on the involvement of genetics all
individuals should be unambiguously clinically characterized. We also assessed the earnings of horses
with EASD to determine the potential impact of inbreeding on racing performance. Career earnings is
an imprecise parameter since many confounding parameters may influence the earnings. These factors
are horse-related but also management-related, as the number of races that a horse runs will highly

depend on the number of years in racing or the racing strategy of the trainer. This is why we
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compared the career earnings of dead horses with the mean earnings of same-aged horses raced during
the same period. By doing so, we attempted to reduce the effect of management factors.

Despite the negative results of this study, further efforts should be undertaken to increase knowledge
of the equine genome to elucidate whether genetic variants play a role in SCD in horses, as in dogs
[19, 20, 22]. The development of more accessible genetic analyses and the implementation of uniform
necropsy protocols, making results from different countries more comparable, will also contribute to

better understanding of SCD in horses, eventually reducing these deaths.

5. Conclusion

The study shows that Finnish racehorses (i.e. FSTB and FCB) have a lower incidence of EASD than
racehorses in other countries. Further, the incidence of EASD was higher than the incidence of CMI
in our population, contrary to reports in most other racehorse populations.

We conclude that no difference exists in the inbreeding factor between SCD, VR, or CMI horses and
the overall horse racing population in Finland. Similarly, we could not show any difference in
earnings in horses with EASD for any reason compared with the overall racing population. This
suggests that the fitness for racing of horses with EASD is similar to that of the overall racing

population in Finland.
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Table 1: Demographic data for horses with exercise-associated sudden death (EASD) and horses that
died or were euthanized for an identified cause (group catastrophic musculoskeletal injures (CMI)) on

the racetrack.

Exercise-associated sudden Death due to catastrophic
death (EASD) musculoskeletal injures (CMI)
FSTB FCB Total FSTB FCB Total
Number of 9 0 9 3 3
stallions
Number of 13 5 18 6 5
geldings
Number of mares | 5 2 7 6 1 7
Median age in 6.0 9 6.5 5.0 6.0
years
with 2.5-97.5 4-8 4-10 4-9 4-8 4-8
percentile
(range) (3-11) (4-11) (3-11) (4-10) 10 (4-10)

FCB, Finnish coldblooded racehorses; FSTB, Finnish standardbred racehorses
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Table 2: Necroscopic findings in horses that died on racetracks in Finland between 2002 and 2017.

Diagnosis based on necropsy | SCD-unknown SCD-cardiac Vessel rupture | Death due to
(SCDy) disease (SCDy) | (VR) catastrophic
musculoskeletal
injures (CMI)

Breed FSTB |FCB |FSTB |FCB |FSTB |FCB |FSTB | FCB
(N=19) | (N=6) | (N=2) | (N=0) | (N=6) | (N=1) | (N=15) | (N=1)

Reported findings

Lung

-Congested and/or 19 6 2 6
oedematous lung
(macroscopic and/or
microscopic findings)

-Bleeding in the lung 9 3 1
(macroscopic and/or
microscopic findings)

-Foamy liquid in the trachea | 16 6 2 5 1

Heart

-Petechiae/haematomas 1 2 1

-Haemopericardium 2 1

-No contraction after 8 5
death/large flaccid heart

-Myocarditis (lymphocytic) 1

-Hamartoma 1

Other organs

-Congestion of the liver 6 2 1
(macroscopic and/or
microscopic findings)

-Congestion of the spleen 5 1 1
(macroscopic and/or
microscopic findings)

-Congestion of the adrenal 1 1
gland (macroscopic and/or
microscopic findings)

-Free blood in body cavity 6
(5-20 litres)

-ldentification of ruptured 4 1
vessel

Cause for euthanasia

Fracture/severe soft tissue 15 1
trauma

FCB, Finnish coldblooded racehorses; SCD, sudden cardiac death; FSTB, Finnish standardbred

racehorses
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Table 3: Inbreeding coefficients for Finnish standardbred racehorses (FSTB) and Finnish coldblooded

racehorses (FCB) expressed as median, 2.5-97.55 percentile, and range. No significant difference

emerged between the groups of causes for death.

Racing SCD SCD SCD Vessel rupture | Death due to
population -unknown origin | -cardiac disease | (VR) catastrophic
(“raced”) (SCDy) (SCD.y) musculoskelet
al injures
(CMI)
median 0.108 0.110 0.097 0.133 0.099 0.120
2.5-97.5 0.087-0.126 0.060-0.13 0.050-0.130 0.132-0.134 0.062-0136 0.055-0.139
m | percentile
E (range) (0.002-0.312) | (0.027-0.157) | (0.027-0.157) (0.132-0.134) (0.058-0.147) | (0006-0.142)
median 0.039 0.036 0.036 - 0.066 0.045
2.5-97.5 0.031-0.047 0.027-0.046 0.027-0.046
0 percentile
O (range) (0.007-0.169) | (0.024-0.055) | (0.024-0.055)

FCB, Finnish coldblooded racehorses; SCD, sudden cardiac death; FSTB, Finnish standardbred

racehorses
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Figure 1: Flow chart showing the study population and classification of the different groups.
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Figure 2: Comparison of inbreeding coefficients in horses that raced in the study period (“raced”) or
died on a race day for different reasons for Finnish standardbred racehorses (graphs A, B) and Finnish
coldblooded racehorses (graph C). SCD, horses that died from sudden cardiac death; SCD,, horses
with SCD for unknown reason; SCD.q, horses with SCD due to an identified cardiac disease; VR,
horses that died due to a vascular rupture; CMI, horses that died due to a catastrophic musculoskeletal

injury. Data are expressed as median and 2.5-97.5 percentiles.
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Figure 3: Career earnings (Euro) of Finnish standardbred racehorses (FSTB, graph A) and Finnish
coldblooded racehorses (FCB, graph B). No significant differences existed between the groups.
EASD, horses that died from exercise-associated sudden death; SCD, horses that died from sudden
cardiac death; VR, horses that died due to a vascular rupture; CMI, horses that died due to a

catastrophic musculoskeletal injury.
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Figure 4: Number of Finnish standardbred racehorses (FSTB, graph A) and Finnish coldblooded
racehorses (FCB, graph B) that earned more (white surface) or less (dotted surface) than the mean
career earnings of same-aged horses. No significant differences existed between the groups. EASD,
horses that died from exercise-associated sudden death; SCD, horses that died from sudden cardiac
death; VR, horses that died due to a vascular rupture; CMI, horses that died due to a catastrophic

musculoskeletal injury.
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