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Abstract

Amaç: Atların hematolojik değerleri ırk, cinsiyet, yaş ve yetiştiği
coğrafyaya göre farklılık gösterebilmektedir. Bu çalışmanın amacı
Türkiye’de düz yarışlarda koşan 3 yaşlı atların hematolojik değerlerinde ırk ve cinsiyete bağlı farklılık olup olmadığını araştırmaktır.
Ayrıca, Türkiye’de yarışan 3 yaşlı yarış atlarının normal hematolojik
değerleri için bir referans oluşturabilmektir.

Gereç ve Yöntem: Bu amaçla 2017 yarış sezonunda İstanbul Veliefendi hipodromunda koşan 3 yaşlı sağlıklı 40 adet Arap (n: 20 aygır,
n: 20 kısrak) ve 40 adet İngiliz (n: 20 aygır, n: 20 kısrak) atlarının
istirahat halindeki mevcut hemogram değerleri analiz edilmiştir.
Hemogram analizine eritrosit sayısı, hemoglobin ve hematokrit
değerleri, ortalama eritrosit hacmi, ortalama eritrosit hemoglobin
miktarı, ortalama eritrosit hemoglobin konsantrasyonu, eritrosit
dağılım genişliği, toplam lökosit sayısı, nötrofil, lenfosit, monosit,
eozinofil, bazofil ve trombositsayıları dahil edilmiştir. Veriler iki
yönlü varyans analiz metodu kullanılarak Windows SPSS 13 paket
programında analiz edilmiştir. Kullanılan istatiksel modelde ırk,
cinsiyet ve ırk x cinsiyet etkileşimlerine ana etkenler olarak yer verilmiştir.

Bulgular: Araştırma sonucunda ırkın hematolojik değerler üzerine
etkisi olduğu, düz yarışlarda koşan 3 yaşlı İngiliz atlarının eritrosit
sayısı (P<0.001), hemoglobin (P<0.001) ve hematokrit (P<0.001)
değerlerinin Arap atlarına göre istatiksel açıdan önemli ölçüde
yüksek olduğu gözlemlenmiştir. Cinsiyet ve ırk x cinsiyet etkileşiminin herhangi bir parametreye istatiksel açıdan etkisi olmadığı
görülmüştür (P>0.05).

Öneri: Türkiye’de yarışan 3 yaşlı atların hematolojik değerlerinde
ırka bağlı farklılıkların olduğu fakat cinsiyete bağlı herhangi bir
farklılığın olmadığı saptanmıştır. Diğer ülkelerin Arap ve İngiliz
atlarıyla kıyaslandığında Türkiye’de yarışan atların bazı hematolojik değerlerinde farklılık olabileceği görülmüştür. Araştırmacıların
kendi ülkelerine özgü referans değerleri oluşturmaları önerilmektedir.
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Aim: Breed, gender, age and geographical locations affect the hematological values of horses. The aim of this study is to evaluate the
breed and gender related differences in hematological parameters
of 3 year-old horses running in flat racing in Turkey. A second aim is
to establish a preliminary study for the normal ranges of hematological values in 3-year-old horses racing in Turkey.
Materials and Methods: The hemogram data were collected from
apparently healthy horses consisting of 40 Arabian (n:20 stallions; n:20 mares) and 40 Thoroughbred (n:20 stallions; n: 20 mares) 3-year-old horses who raced at Istanbul Veliefendi Racetrack
in Turkey in 2017. Hemogram parameters were blood counts of
red blood cell, hemoglobin, hematocrit, mean corpuscular volume,
mean corpuscular hemoglobin, mean corpuscular hemoglobin concentration, red cell dispersion width, white blood cells, neutrophil,
lymphocyte, monocyte, eosinophil, basophil and platelet. Data were
analyzed by two-way analysis of variance method in SPSS for Windows version 13.0. The statistical model included breed, gender
and breed x gender interactions as main effects.

Results: Red blood cells (P<0.001), hemoglobin (P<0.001) and hematocrit (P<0.001) were found significantly higher in Thoroughbred than Arabian horses. Gender and breed x gender interaction
did not have any significant effect on any parameters (P>0.05).

Conclusion: Breed differences but not gender-related differences
were observed in 3-year-old race horses. It seems there are some
differences in some hematological parameters of both Arabians and
Thoroughbred compared to their counterparts in other countries.
It is advisable for researchers to determine their own reference ranges for breeds in their country.
Keywords: Arabian, Thoroughbred, horse, flat racing, hematology
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Introduction
Flat racing is the most common type of horse racing in the
world. Horses run on a racetrack without any obstacles over
certain distances in flat races (Hill et al 2010). Countries have
variations in their racing rules such as breeds, age, and distance.
Thoroughbreds are mainly used in flat racing but Arabian horses are also included in flat racing in more than 30 countries in
the world such as Russian Federation, France, Germany, United
Arab Emirates, Qatar, United Kingdom, Turkey and many more
(Khasanovich and Vladimirovna 2016).

Thoroughbreds start their racing career at the age of 2 whereas
Arabians usually at the age of 3 (Khasanovich and Vladimirovna 2016). In Turkey, flat races are held by Turkish Jockey Club
(TJK) and both Arabian and Thoroughbred horses are included
in flat racing but run separately. Both breeds are bred in stud
farms or private farms (Ekiz and Kocak 2005). Racehorses in
Turkey are accepted to be born in 1st of January regardless of
their actual birth month in Turkey as well as in other northern
hemisphere countries (Gramm and Marksteiner 2010).
At the beginning of January, Arabians and Thoroughbreds turning 3 and 2 years old, respectively are brought to racetrack.
Thereafter, they are trained on the racetrack for approximately
4 months and start to race usually in April of the racing year.

Hematological parameters are very important indicators for
diagnosing and assessing the recovery period of clinical diseases as well as the fitness level of horses (Cebulj-Kadunc et al
2002; Güzelbekteş et al 2006; Altınsaat 2008; Padalino et al
2014). Although the normal range of hematological values for
the equine species falls into a broad range, the individual horse
has narrow normal range because of physiological variations
(Cebulj-Kadunc et al 2002; Meliani et al 2014; McGowan and
Hodgson 2014) These variations include mainly the breed, age,
gender, and training status of the horses (Cebulj-Kadunc et al
2002; Padalino et al 2014).

It is well accepted that for comparisons between individuals
and with reference data, it is necessary to consider these variations in order to increase diagnostic precision or performance
capacity of the horses (Meliani et al 2014; Khasanovich and Vladimirovna 2016). Padolino et al (2014) have reported that geographical locations should be taken into account when assessing
hematological reference values of different breeds. Hematological values for specific breeds are available (Reed et al 2009) but
most are elicited from articles mainly in America, Australia, and
Great Britain (Morris 1989). Inspite of hematological values of
horses have been studied in different breeds, ages, and genders,
there is lack of knowledge about those of Arabian and Thoroughbred horses actively racing in Turkey. Therefore, the aim of
this study was to determine the effect of breed and gender on
some hematological parameters of apparently healthy 3-yearold horses racing on the same race track in Istanbul, Turkey. A

second aim is to establish a preliminary study for the normal
ranges of hematological values in 3-year-old horses actively racing in Turkey.
Materials and Methods

This study was carried out in 80 3-year-old horses deemed to be
healthy consisting of 40 Arabian (n: 20 stallions; n: 20 mares)
and 40 Thoroughbred (n: 20 stallions; n: 20 mares) horses who
raced at Istanbul Veliefendi Racetrack in Turkey in 2017. The
study was carried out in accordance with the agreement protocol settled by Turkish Jockey Club.
All horses were stalled in a single box without much use of pastures and trained on the Veliefendi Racecourse. All horses were
fed with 60 % concentrate and 40 % forage diet. Forage diet for
both breeds were hay. The concentrate diet of Arabians mainly
consisted of crashed barley while that of Thoroughbreds was
mainly based on crushed oat (90 %) and commercial food (10
%). Arabians were in their first year of their racing career but
Thoroughbreds were in their second. Both breeds were under
intense training and raced approximately 2-3 times monthly. It
was retrospective study and hemogram analyses were collected
randomly for those apparently healthy horses that were brought to Equine Hospital in Veliefendi Racecourse in 2017 for
general check-up. Blood samples were collected by jugular venipuncture to ethylenediaminetetraacetic acid vacutainer tubes
by veterinarians and hemogram analyses were carried out using
Abott Cell-Dyn 3500 Hematology analyzer (Abbott Diagnostics,
Santa Clara, CA) in the laboratory of equine hospital.
Hemogram analyses included blood counts of red blood cells
(RBC), hemoglobin (HGB), hematocrit (HCT), mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH), mean
corpuscular hemoglobin concentration (MCHC), red cell dispersion width (RDW), total white blood cells (WBC), neutrophils
(NEU), lymphocytes (LYM), monocytes (MONO), eosinophils
(EOS), basophils (BASO), and platelets (PLT).

The effect of breed, gender, and breed x gender interactions
on these hematological parameters was analyzed and normal
ranges of hematological values in these 3-year-old horses were
established.
Statistical analyses

The hematological parameters had a normal distribution which
was assessed by Shapiro-Wilk normality test. Thereafter, they
were analyzed by two-way analysis of variance (ANOVA) method in SPSS for Windows version 13.0. The statistical model
included breed, gender, and breed x gender interaction as main
effects. P-value < 0.05 was accepted as statistically significance
criterion. Normal range values for each parameter were accepted between lower and upper bounds at 95% confidence intervals.
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Table 1. Comparisons of erythrocyte parameters between breeds and genders in 3-year-old Arabian and
Thoroughbred horses racing in Turkey
n

Breed

Arabian

(x106/µL)

HGB

(g/dl)

HCT

MCV

MCH

(%)

(fL)

(pg)

MCHC

(g/dL)

RDW
(%)

40

10.6 ± 0.2

9.4 ± 0.2

14.0 ± 0.2

42.0 ± 0.5

44.4 ± 0.4

15.3 ± 0.1

34.4 ± 0.1

26.3 ± 0.3

40

10.1 ± 0.2

15.0 ± 0.2

44.0 ± 0.5

44.3 ± 0.4

15.2 ± 0 .1

34. 4 ± 0.1

26.4 ± 0.3

Arabian - Stallion

20

9.4 ± 0.2

14.3 ± 0.3

42 .0 ± 0.7

45.0 ± 0.6

15.4 ± 0.2

34.3 ± 0.2

25.9 ± 0.4

Thoroughbred-Stallion

20

10.8 ± 0.2

16.2 ± 0.3

47.0 ± 0.7

43.6 ± 0.6

15.0 ± 0.2

34.5 ± 0.2

26.8 ± 0.4

0.3

0.1

Thoroughbred

Gender

Stallion
Mare

40

RBC

40

Breed x Gender

Arabian - Mare

Thoroughbred -Mare

SEM

20
20

P-value

Breed

Gender

10.0 ± 0.2
9.4 ± 0.2

10.5 ± 0.2
0.1

15.0 ± 0.2
14.3 ± 0.3
16.1 ± 0.3
0.1

47.0 ± 0.5

44.0 ± 0.4

44.0 ± 0.5

44.0 ± 0.4

41.0 ± 0.7

43.8 ± 0.6

47.0 ± 0.7

44.5 ± 0.6

0.4

15.2 ± 0.1
15.3 ± 0.1
15.2 ± 0.2
15.4 ± 0.2

34.5 ± 0.1
34.6 ± 0.1
34.6 ± 0.2
34.5 ± 0.2
0.08

26.7 ± 0.3
26.6 ± 0.3
26.6 ± 0.4
26.5 ± 0.4
0.2

<0.001

<0.001

<0.001

0.539

0.590

0.753

0.292

0.42

0.93

0.87

0.09

0.13

0.36

0.22

0.65

Breed x Gender

16.0 ± 0.2

0.74

0.45

0.87

0.67

0.19

0.55

SEM: Standard error of mean, RBC: red blood cell, HGB: hemoglobin, HCT: hematocrit, MCV: mean corpuscular volume, MCH: mean corpuscular hemoglobin, MCHC:
mean corpuscular hemoglobin concentration, RDW: red cell dispersion width.

Table 2. Comparisons of white blood cells and platelets between breeds and genders in 3-year-old Arabian and
Thoroughbred horses racing in Turkey
n

(x103 /µL)

(x103 /µL)

(x103 /µL)

LYM

NEU/LYM

40

8.2 ± 0.2

4.6 ± 0.2

3.1 ± 0.1

40

8.2 ± 0.2

4.8 ± 0.2

Arabian - Stallion

20

8.3 ± 0.3

Thoroughbred-Stallion

20

8.5 ± 0.3

Breed

Arabian

Thoroughbred

Gender

Stallion
Mare

Breed x Gender

Arabian - Mare

Thoroughbred -Mare

SEM

P-value

40
40
20
20

WBC

8.5 ± 0.2
8.4 ± 0.2
8.1 ± 0.3
8.4 ± 0.3
0.1

NEU

MONO

EOS

BASO

PLT

(x103 /µL)

(x103 /µL)

(x103 /µL)

(x103 /µL)

1.7 ± 0.2

0.40 ± 0.03

0.12 ± 0.02

0.03 ± 0.01

162.0 ± 6.0

3.1 ± 0.1

1.7 ± 0.2

0.42 ± 0.03

0.10 ± 0.02

0.02 ± 0.01

165.0 ± 6.0

4.7 ± 0.3

3.2 ± 0.2

1.7 ± 0.2

0.40 ± 0.04

0.10 ± 0.02

0.02 ± 0.01

167.0 ± 8.0

4.9 ± 0.3

3.1 ± 0.2

1.7 ± 0.2

0.45 ± 0.04

0.11 ± 0.02

0.03 ± 0.01

162.0 ± 8.0

0.01

0.01

5.0 ± 0.2
4.8 ± 0.2
4.5 ± 0.3
5.1 ± 0.3
0.1

2.9 ± 0.1
2.9 ± 0.1

1.8 ± 0.2
1.8 ± 0.2

3.0 ± 0.2

1.8 ± 0.2

2.8 ± 0.2

1.9 ± 0.2

0.1

0.1

0.39 ± 0.03
0.37 ± 0.03
0.41 ± 0.04
0.33 ± 0.04
0.02

0.13 ± 0.02
0.14 ± 0.02
0.14 ± 0.02
0.14 ± 0.02

0.04 ±0.01
0.04 ± 0.01
0.03±0.01

0.06 ± 0.01

156.0 ± 6.0
153.0 ± 6.0
156.0 ± 8.0
150.0 ± 8.0
4.0

Breed

0.34

0.17

0.40

0.76

0.78

0.73

0.30

0.51

Breed x Gender

0.76

0.55

0.92

0.98

0.14

0.87

0.50

0.95

Gender

0.46

0.92

0.17

0.58

0.19

0.14

0.11

SEM: Standard error of mean, WBC: white blood cell, NEU: neutrophil, LYM: lymphocyte, MONO: monocyte, EOS: eosinophil, BASO: basophil, PLT: platelet.
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Parameters
RBC (x106/µL)

Table 3. Normal range of hematological values for 3-year-old Arabian and
Thoroughbred horses racing in Turkey and normal range values of hot-blooded horses.

Normal range values of Arabian

Normal range values of Thoroughbred

Normal Range values of hot-blooded horse

9.1 - 9.7

10.4 - 10.9

6.8 - 12.9

(%95 Confidence interval)

HGB (g/dl)

13.9 - 14.7

MCV (fL)

43.6 - 45.2

HCT (%)

MCH (pg)

MCHC (g/dL)
RDW (%)

WBC (x103 /µL)

NEU ( x103 /µL)
LYM ( x103 /µL)

Demirtaş B.

(%95 Confidence interval)

40.5 - 42.5

15.7 - 16.5

11.0 - 19.0

43.2 - 44.9

37.0 - 59.0

45.7 - 47.7

15.0 - 15.5
34.2 - 34.7
7.8 - 8.6

12.0 – 20.0

26.1 - 27.2

24.0 - 27.0

8.1 - 8.8

4.2 - 5.0
2.9 - 3.3

0.0 - 1.0

2.7 - 3.2

0.34 - 0.45

BASO (x103 /µL)

0.01 - 0.05

0.02 - 0.06

PLT (x103 /µL)

0.09 - 0.16

150 - 173

5.4 - 14.3

2.26 - 9.58

0.35 - 0.46
0.08 - 0.15

31.0 - 39.0

4.6 - 5.4

MONO (x103 /µL)
EOS (x103 /µL)

32.0 - 53.0

14.9 - 15.4
34.3 - 34.7

25.7 - 26.8

(Adapted from Jain 1986 and Grondin and Dewitt 2010)

144 - 168

1.5 - 7.7
0.0 - 1.0

0.0 - 0.29
100 - 350

RBC: red blood cell, HGB: hemoglobin, HCT: hematocrit, MCV: mean corpuscular volume, MCH: mean corpuscular hemoglobin, MCHC: mean corpuscular hemoglobin
concentration, RDW: red cell dispersion width, WBC: white blood cell, NEU: neutrophil, LYM: lymphocyte, MONO: monocyte, EOS: eosinophil, BASO: basophil, PLT:
platelet.

Results
All results are shown as means ± standard error of mean (SEM)
in Table-1-2. There were no significant differences between
genders in any hematological parameters (P>0.05). There was
also no significant gender x breed interaction for any investigated parameters (P>0.05).

The absence of these interaction indicated that the effect of gender on hematological parameters were similar in both breeds.
RBC (P<0.001), HGB (P<0.001) and HCT (P<0.001) values were
significantly higher in Thoroughbred than Arabian horses but
there were no significant differences in other parameters between breeds (P>0.05). Since neither gender nor gender x interaction was significant, normal range values for each parameter
were shown only for breeds (Table 3).
Discussion

Within the 3-year-old age category of horses running in flat racing in Turkey, Thoroughbreds have been found to have higher
RBC, HGB and HCT counts than Arabian horses. No significant
differences in erythrocyte indices (MCV, MCH, MCHC, and RDW),
total white blood cell and platelet counts, differential white blood cell counts (NEU, LYM, MONO, EOS, BASO) were observed
between breeds. Gender related differences were not observed
overall as well as in both Thoroughbred and Arabian horses.
It has been reported that there are breed differences with hematology of horses (Satue et al 2012). Correct interpretation

of equine hematology depends upon whether the individual
animal is considered to be one of the so-called ‘‘hot-blooded’’
or ‘‘cold-blooded’’ breeds (Lording 2008). Hot-blooded horses
are of Arabian ancestry and include Arabians, Thoroughbreds,
Standardbreds, and Quarter horses while the cold-blooded breeds include draft horses, ponies, and hacks (Lording 2008; Padalino et al 2016). In this study, both breeds were hot-blooded
and their hematological values were within the normal range
for hot-blooded horses (Table 3) but were greater than the values stated for cold-blood horses (Kramer 2000). It has been
reported that hot-blooded horses have higher RBC and HGB values than cold-blooded horses resulting in an increase in their
oxygen carrying capacity, hence in their athletic performance
(Hawkey 2017).
Hematological reference ranges within hot-blooded horses also
differ (Steel and Whitlock, 1960). Standardbred horses have lower RBC, HGB, and HCT than Thoroughbred racehorses (McGowan and Hodgson 2014).

This study is noteworthy in that both Arabian and Thoroughbreds were of the same age and were actively racing at the same
racecourse. RBC, HGB, and HCT values were higher in Thoroughbreds than Arabians. It has been reported that Thoroughbred had the greatest RBC, HGB, and HCT among hot-blooded
horses including Thoroughbreds, Quarter Horses, Appaloosas,
Arabians, and Standardbreds (Jain 1986).
Higher RBC, HGB, and HCT values are associated with higher
speed and performance (Aslan 2017). It is well known that
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Thoroughbreds run faster and are categorized as speed runners
while Arabians are slower in speed and better in endurance, i.e.
in long distance (Prince et al 2002).

Although the ratios of concentrates (60 %) and forage (40 %) in
the diet were same for both breeds, the concentrates of Arabian
diet consisted of mainly crushed barley while those of Thoroughbred diet consisted of crushed oat. According to personal
communications with trainers, this nutritional regime is common in Turkey and applied to the most of the racehorses in Turkey. This might also affect the differences in RBC, HGB and HCT
values between breeds. Further nutritional researches might be
carried out to investigate the effect of two cereals on hematological values in racehorses.
Previous studies have focused on individual hematological parameters of either Arabians (Altınsaat 2008; Rocky et al 2012;
Meliani et al 2014; Khasanovich and Vladimirovna 2016) or
Thoroughbreds (Piccione et al 2005; Lacerda et al 2006; Uluisik
et al 2013) with different ages and training status. RBC, HGB,
and HCT values for Arabians in the current study seemed to be
higher than previous reports (Jain 1986; Altınsaat 2008). The
study by Altınsaat has been performed on foals, yearlings, and
adult Arabian horses (age 8-15 years) in stud farms of Turkey
whereas the current study was performed on 3-year-old Arabian horses running in flat races. Rocky et al (2012) has reported
that age has a major role on hematologic parameters of Arabian
horses. Normal adult hematologic values are attained at 2 years of age and then there is a trend towards decline in geriatric
horses (McFarlane et al 1998; Satue et al 2014). Moreover, training might be the cause of higher RBC, HCT, HGB in the current
study since it has been reported that training result in increases
in RBC, HGB, and HCT. Arabian horse racing in Turkey is very
popular and these horses are raced more often (2-3 times per
month) compared to the other countries where equine industry
is much more developed. More racing frequency might be the
cause of higher RBC, HGB and HCT.

It seems that RBC, HGB, and HCT values for Thoroughbreds in
the current study were higher than previous reports by Jain
(1986) but similar to data reported by Sykes (1966). The later
study has been performed in 3-year-old and in training Thoroughbreds which is more similar to our study.
There were no significant differences in MCV, MCH, MCHC, and
RDW counts between Arabians and Thoroughbreds in the current study. Thoroughbreds have lower MCV value than draft
horses but similar value with Quarter Horses (Jain 1986).
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There were no significant differences in WBC, differential WBC,
and platelet counts between Arabians and Thoroughbreds. WBC
count for both breeds in the current study were lower but the
neutrophil/lymphocyte ratio was higher compared to previous
reports by Jain 1986. Various stress factors and training can
increase the neutrophil number in circulation, hence increasing
the neutrophil/lymphocyte ratio (Altınsaat 2008; Grondin and

Dewitt 2010).
No significant differences in any parameters between stallions
and mares were found for both breeds. It has been reported
that minor differences were observed in hematological parameters between males and females (Grondin and Dewitt 2010),
however, they were not seen in this study. Hematological differences regarding with gender seem to have limited importance
and effect in horses (Satue 2012).
Conclusion

In conclusion, breed differences, but not gender-related differences, were observed in 3-year-old race horses. It seems there are some differences in some hematological parameters of
both Arabians and Thoroughbreds compared to their counterparts in other countries. This might be age-related, related to
geographical location, or training status, however, it is advisable
for clinicians and researchers to determine their own reference
ranges for breeds in their country. Since this study is carried out
in only 3-year-old horses, further studies should be carried out
in race horses in Turkey to include all ages to provide additional
reference ranges for other age horses.
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