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Abstract  

The aim of the present preliminary study was to investigate how submaximal exercise affects blood 

lactate (BL) concentrations, body temperature (BT) and heart rate (HR) in dogs with brachycephalic 

obstructive airway syndrome (BOAS). Seven dogs with BOAS grade 2/3 and 3/3 were subjected to 

submaximal exercise on a treadmill. Each dog was subjected to training session that began with a 

5-minute walk at a speed of 2.5 km/h and an incline of 0% and continued with a 5-minute walk at a 

speed of 2.5 km/h and at an incline of 5%. Heart rate, BT, and BL concentrations were measured 

before the start (T1), every 5 minutes during the test (T2, T3) and after 15 and 30 minutes of rest (T4, 

T5). Blood lactate concentrations at T3 and T5 were significantly lower (P < 0.05) than concentra-

tions at T1. Heart rate and BT values at T2 and T3 were significantly higher (P < 0.05) than values at 

T1. Submaximal exercise resulted in a significant decrease in BL concentrations and a significant 

increase in BT and HR in dogs with BOAS. The results of this preliminary study can give us addi-

tional information about the severity of BOAS; however, further studies are needed to gain better 

insight into the physiological response of BOAS patients of individual breeds to submaximal exer-

cise testing. 
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1. Introduction  

The popularity of brachycephalic dogs has increased in recent years. This may be due 
to their distinct physical facial features, which resemble the facial features of a human 
baby and elicit the same positive emotions in adults. Breeds such as French and English 
bulldogs, pugs, and Boston terriers are examples of extremely brachycephalic breeds. 
They have a typically shaped head with a very short muzzle and a round, short and broad 
head (Ekenstedt et al., 2020). The soft tissues of the upper airway have not reduced in 
proportion to the skull length and these deformities lead to upper airway obstruction 
(Dupré and Heidenreich, 2016). These upper airway abnormalities cause a variety of 
clinical signs called brachycephalic obstructive airway syndrome (BOAS) (Lodato and 

Hedlund, 2012). BOAS is a progressive disease. Dogs with BOAS may present with clinical 
signs such as stertor, stridor, snoring, coughing, increased respiratory effort, exercise in-
tolerance, hyperthermia, and collapse. These problems may be exacerbated in the pres-
ence of stress, physical activity, and high ambient temperatures (Meola et al., 2013). 

In dogs with cardiac, respiratory, or neuromuscular disease, exercise tests (ET) is 
used to assess the severity of the disease. In dogs with BOAS, ET can help identify clini-
cally relevant airway obstruction when clinical signs are mild or dynamic (Riggs et al., 
2019). In sports medicine blood lactate (BL) is one of the most important biochemical pa-
rameters measured during exercise. In both human and animal athletes, such as horses 
and dogs, BL is used to determine the level of fitness and effort (Alves et al., 2020). It is a 
metabolite of the anaerobic glycolytic pathways (Rovira et al., 2018). It is produced con-
tinuously under anaerobic conditions and has at least three functions: a major energy 
source, the major gluconeogenic precursor, and a signalling molecule (Brooks, 2018). In 
dogs, physical activity leads to higher heath and therefore higher cardiovascular and 
thermoregulatory demand (Robbins et al., 2017). Measurement of HR and BT during ex-
ercise is useful for monitoring exercise intensity and may also be useful for detecting 
subclinical disease (Rovira et al., 2018). Monitoring HR during exercise is also useful for 
determining cardiac output and monitoring workload. Monitoring HR during rest peri-
ods can help determine physical fitness and metabolic status (Alves et al., 2020). 

The aim of this study was to determine how submaximal exercise affects the levels of 
BL, HR, and BT in dogs with BOAS. 

 
2.  Materials and Methods  
2.1. Animals  

Seven client-owned brachycephalic dogs, prospectively recruited as BOAS patients 
were included in the study. The dogs were graded with BOAS grade 2/3 (n=2) and grade 
3/3 (n=5). BOAS grade was based on clinical signs of upper airway obstruction and ana-
tomical abnormalities (Erjavec et al., 2021).  

Formal written consent of the owner was obtained before the dogs participated in the 
study. All procedures complied with the relevant Slovenian governmental regulations 
(Animal Protection Act UL RS, 43/2007). 

 
2.2. Exercise test and measurements of BL concentration, HR, and BT 

The exercise test was performed in the Laboratory of physiology, Faculty of sports, 
University of Ljubljana in a controlled climatic environment. The test was performed in 
two stages. The first stage was a 5-minute walk on a treadmill at a speed of 2.5 km/h and a 
0% incline. The second stage was a 5-minute walk at a speed of 2.5 km/h at an inclination 
of 5%. There was a 1-minute break between both stages for measurements. After the ex-
ercise the dogs had 30 minutes of recovery time.  

Heart rate, BT and BL concentrations were measured before the start (T1), after the 
first 5 minutes of exercise (T2), after 10 minutes (T3) of exercise, and after 15 minutes (T4) 
and 30 minutes of recovery (T5). Blood samples for measurement of BL concentrations 
were collected from the cephalic vein. Blood lactate concentration was measured imme-
diately after blood was drawn using a portable device (Accutrend Plus, Roche Diagnostics 
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GmbH, Mannheim, Germany). Heart rate was measured by palpation of the femoral ar-
tery and counted for 15 seconds and then multiplied by four. Body temperature was 
measured rectally with digital thermometer (Microlife, Microlife AG, Widnau, Switzer-
land). 

 
2.3. Statistical analysis 

Data was analysed with commercial software (IBM SPSS 25, Chicago, Illinois, USA). 
Descriptive statistics were used to describe the basic features of the data. The Shapiro 
Wilk test was performed to test whether the data were normally distributed. According 
to the results of normality tests, repeated measures ANOVA with Bonferroni corrections 
(parametric test) was used to test for statistically significant differences in the measured 
parameters (BL concentrations, HR, BT) among different measuring points. Normally 
distributed data are reported as means ± standard deviation (SD); not normally distrib-
uted data are reported as medians and interquartile range (IQR – 25th to 75th percentile). 
A value of P < 0.05 was considered significant. 

 
3.  Results  

In this preliminary study we evaluated 7 dogs of the following breeds: French bull-
dogs (n=6) and Boston terrier (n=1). Baseline characteristics of the evaluated dogs are 
summarised in Table 1.  

 

Table 1. Baseline characteristics of brachycephalic obstructive airway syndrome patients. 

Number of dogs 7 

Sex (female/male) 1/6 

Age (months); Mean ± SD 22.14 ± 12.41 

Weight (kg); Mean ± SD 10.91 ± 1.23 

BCS Median; IQR 3.0; 3.0 – 3.0 

SD – standard deviation; BCS – body condition score; IQR – interquartile range (25th to 75th percentile). 

Before, during and after submaximal exercise test, BL concentrations did not exceed ref-
erence ranges determined in dogs with the same portable device as in our study (Ste-
venson et al., 2007). Blood lactate concentrations (Figure 1) decreased significantly during 
the exercise testing. Compered to initial BL measurement at T1, significantly lower BL 
concentrations were observed at T3 (P = 0.017; after 10 minutes of exercise) and at T5 (P = 
0.002; after 30 minutes of resting time). The lowest BL concentration was measured at the 
last measuring point (after 30 minutes of recovery), when it was significantly lower 
compared with the initial BL concentration (P = 0.002) and with the BL concentration 
measured at T2 (P < 0.001; 5 minutes after the start of the exercise test).  

During exercise testing, the BT values (Figure 2) changed significantly. Body tem-
perature values were significantly higher at measuring points T2 (P = 0.016) and T3 (P = 
0.001) compared with the initial values of BT. Afterwards, BT decreased significantly, 
with the last BT values being significantly lower compared to the BT values measured at 
T4 (P = 0.018) and T3 (P = 0.003) measuring points. 
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Figure 1. Blood lactate concentrations (mmol/L; mean ± standard deviation) before, during and after submaximal exercise test; A - 

significant (P < 0.05) difference compared to T1; B - significant (P < 0.05) difference compared to T5; T1 - BL concentration before the 

start of ET; T2 - BL concentration after 5 min of ET; T3 - BL concentration after10 minutes of ET; T4 - BL concentration after 15 

minutes of rest; T5 - BL concentration after 30 minutes of rest. 

 

 

 
Figure 2. Body temperature (C) values (mean ± standard deviation) before, during and after submaximal exercise test; A - signifi-

cant (P < 0.05) difference compared to T1; B - significant (P < 0.05) difference compared to T5; T1 - BT before the start of ET; T2 - BT 

after 5 minutes of ET; T3 - BT after 10 minutes of ET; T4 - BT after 15 minutes of rest; T5 - BT after 30 minutes of rest. 

 
 

The values of HR (Figure 3) showed the same pattern of changes as BT. Heart rate 
values were significantly higher at measuring points T2 (P = 0.022) and T3 (P = 0.022) 
compared with the initial values of HR. Afterwards, HR decreased significantly with the 
last HR values being significantly lower compared with the HR values measured at T4 (P 
= 0.014) and T3 (P = 0.024) measuring points.  
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Figure 3. Heart rate values (bpm) (mean ± standard deviation) before, during and after submaximal exercise test; A - significant (P < 

0.05) difference compared to T1; B - significant (P < 0.05) difference compared to T5; T1 - HR before the start of ET; T2 - HR after 5 

minutes of ET; T3 - HR after 10 minutes of ET; T4 - HR after 15 minutes of rest; T5 - HR after 30 minutes of rest. 

 

4.  Discussion 
In the present study we investigated blood lactate concentrations, body temperature, 

and heart rate in dogs with BOAS during a submaximal exercise test. Exercise resulted in 
a significant increase of HR and BT and a significant decrease in BL concentrations. 

To the best of the authors' knowledge there are no published reports of BL concen-
trations in dogs with BOAS during a submaximal exercise test. However, there are few 
reports (Riggs et al., 2019; Lija-Maula et al., 2017) published on exercise testing in dogs 
with BOAS but none of these reports was a full objective evaluation of the dogs. In the 
study by Riggs et al. (2019) the dogs performed a 5-minute walk and a 3-minute trot test 
to assess the severity of upper respiratory disease. In the study by Lija-Maula et al. (2017) 
they used the 6-minute walk test and the 1000 metre walk test to objectively assess the 
severity of BOAS in English bulldogs. 

Lactate level is an indicator of physical fitness, athletic performance, and disease in 
animals (Ferasin and Marcora, 2007). In our study BL concentrations were highest before 
the start of the test. However, blood lactate concentrations decreased significantly during 
the test and reached the lowest BL concentration at the last measuring point. During 
submaximal exercise, the accumulation of lactate is reduced (Brito Vieira et al., 2014). 
This can be attributed to increased oxidative capacity, reduced production of lactate and 
an increase in the rate of lactate removal. Lactate removal may be associated with an in-
crease in the utilisation of other tissues such as liver, heart, kidneys, and skeletal muscle. 
It may also be due to the increase in gluconeogenesis in skeletal muscle cells and 
hepatocytes, its use by oxidative fibres or increased lactate transport through the sarco-
lemma (Brito Vieira et al., 2014). In human athletes, lactate concentrations decreased 
during long endurance exercises. The authors speculated that the decrease in BL concen-
tration was probably caused by the fact that the working muscles produced less lactate 
due to the lower energy demand caused by the lower respiratory demand or that the 
trained respiratory muscles used more lactate as fuel for their own activity (Spengler et 
al., 1999). The latter might be the reason for a significant decrease in BL concentration in 
our study. Indeed, brachycephalic dogs suffer from laboured breathing, which may result 
in trained respiratory muscles that use lactate as fuel. 

An increase in HR and BT was expected in this study. The increase in HR is the in-
dicator of cardiovascular workload and the most important determinant of cardiac output 
and oxygen uptake (Rovira et al., 2018). We observed the same pattern of significant 
changes in HR and BT in our BOAS patients. Both parameters increased during the exer-
cise test and were highest after the inclination part of the test, when workload was great-
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est. Heart rate and BT began to decrease when the dogs were at rest. Despite a decrease in 
BT during rest, the values were still higher than BT before the start of the workload. This 
is due to the increased muscle load, which generates higher amounts of body heat (Rovira 
et al., 2018).  

Our preliminary results warrant further studies with a larger number of BOAS pa-
tients to evaluate the physiological responses to submaximal exercise testing in individual 
brachycephalic breeds and to determine if surgical treatment of BOAS affects responses to 
this type of exercise. 
 
5.  Conclusions 

The present study demonstrated that submaximal exercise of only 10 minutes dura-
tion caused a significant increase in HR and BT, and surprisingly, a significant decrease in 
BL concentrations. The results of this preliminary study may give us additional infor-
mation about the severity of BOAS. However, further studies are needed to gain better 
insight into the physiological response of BOAS patients of individual breeds to sub-
maximal exercise testing. 
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