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Abstract

To promote successful breeding against brachycephalic obstructive airway syndrome (BOAS), it is important to assess how BOAS 
signs progress during young adulthood and how evaluation age and ageing affect the results of chosen breeding selection tools. The 
aims of this study were to assess how veterinary-assessed and owner-reported BOAS signs and exercise test results change when 
dogs age. Eight English Bulldogs, 25 French Bulldogs, and 31 Pugs that had undergone previous evaluation were re-examined 2–
3 years later. An owner questionnaire regarding BOAS signs, a veterinary assessment of BOAS severity, and exercise, ie walk tests 
were re-performed. In Pugs, both 6-min walking distance and 1,000-m time worsened and the initial evaluation age had a significant 
effect on the 1,000-m time. No significant changes were seen in the results of the French Bulldogs but a negative effect on the 
1,000-m time was seen with weight gain. Exercise test statistics were not performed with regard to English Bulldogs due to low 
sample size. The veterinary-assessed BOAS severity class remained the same in the majority of dogs and the BOAS grade worsened 
mostly in those dogs that were initially evaluated at less than two years of age. Most owners reported no major changes in BOAS 
severity. BOAS grading and walk tests were easy to repeat and results remained relatively constant in dogs initially evaluated at over 
two years of age, supporting the use of these breeding selection tools. However, further, large-scale offspring studies are still needed. 
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Introduction 
Brachycephalic obstructive airway syndrome (BOAS) is a 
major welfare concern in flat-faced dog breeds, such as the 
English Bulldog, French Bulldog, and Pug. Signs include 
exercise intolerance, heat sensitivity, respiratory difficulties, 
sleep and gastrointestinal disturbances and are directly linked 
to short facial and skull anatomy. In severe cases, the dogs 
suffer from syncope, cyanosis, and even death. (Hendricks 
2004; Poncet et al 2005, Riecks et al 2007; Roedler et al 2013). 
Although it is a commonly held opinion that signs of BOAS 
worsen when dogs age, the evidence is limited. Clinical 
signs can already be severe by 12 months of age (Knecht 
1979) and the mean age for the visit to the veterinarian for 
evaluation due to clinical signs is 3–4 years (Lorinson et al 
1997; Monnet 2008). Several studies have also reported 
outcomes and progression of BOAS signs pre- and post-
upper respiratory tract surgery (Torrez & Hunt 2006; Riecks 
et al 2007; De Lorenzi et al 2009; Liu et al 2017a, 2019). 
However, to our knowledge, the natural progression of 
BOAS signs in brachycephalic dogs during adulthood 
without corrective surgery has not been reported. 
The popularity of brachycephalic breeds has grown enor-
mously while, simultaneously, public demand for more 

ethical and healthier breeding standards for these breeds has 
risen (Honey 2017; Ladlow et al 2018). In our previous 
studies (Lilja-Maula et al 2017; Aromaa et al 2019) we have 
shown sub-maximal exercise test results to correlate with the 
severity of BOAS which could therefore allow them to aid 
breeding selection. These sub-maximal exercise tests, such as 
the 1,000-m walk test and the 6-min walk test (6MWT), 
evaluate dogs’ exercise capacity and recovery, both of which 
are major elements affected by BOAS as well as being safe 
and easy to perform in dogs suffering from respiratory 
problems since they are self-paced. Walk tests performed in 
human medicine, such as the 6MWT, are commonly used to 
evaluate exercise capacity and prognosis in patients with 
chronic respiratory diseases (ATS Committee on Proficiency 
Standards for Clinical Pulmonary Function Laboratories 
2002; ATS Technical Standard 2014). Currently, a number of 
breed associations and kennel clubs use exercise tests to 
assess the respiratory health of brachycephalic dogs (Dutch 
Kennel Club 2014; Bartels et al 2015; Finnish Kennel Club 
2018). Additionally, a recent pilot study evaluated the 
usability of the 6MWT to objectively assess the outcome 
after BOAS surgery and found that in the majority of dogs 
results improved post-surgery (Villedieu et al 2019). In 
addition to the exercise test, which takes into account 
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exercise and heat intolerance, the other components of BOAS 
should also be evaluated when making a breeding assessment 
for brachycephalic dogs (Packer et al 2015; Lilja-Maula et al 
2017; Aromaa et al 2019), in particular, the functional BOAS 
grade (Liu et al 2015) and stenosis of the nostrils (Packer et al 
2015; Liu et al 2016) should also be assessed. Since BOAS is 
considered a progressive disease, it is crucial for the breeding 
assessment to be carried out at an age that will deliver the 
most reliable results later in life but that is still viable for 
breeding purposes. However, there are yet to be any data 
published on how exercise test results and BOAS severity 
assessment change over time. 
The aims of this study therefore were to assess how veteri-
nary-assessed and owner-reported BOAS signs and exercise 
test results change when dogs age. Evaluation of the 
changes in clinical BOAS assessment and exercise test 
results should provide more reliable recommendations 
regarding their optimal use as breeding selection tools, 
thereby shedding more light upon the natural progression of 
BOAS during adulthood. 

Materials and methods 

Ethical approval 
All the study dogs were privately owned pets considered to be 
healthy by their owners. The study protocol was approved by the 
Committee of Experimental Animals of Southern Finland (no: 
ESAVI/11519/04.10.07/2014 and ESAVI/10906/04.10.07/2017) 
and every owner signed a consent form. 

Study design and animals 
The follow-up component of this prospective clinical study 
was performed at the Veterinary Teaching Hospital, 
University of Helsinki, Finland between June 2017 and July 
2019. The English Bulldogs, French Bulldogs, and Pugs 
that had participated in the initial studies (Lilja-Maula et al 
2017; Aromaa et al 2019) between November 2014 and 
May 2017 were invited to a follow-up 2–3 years later with 
owners being contacted via telephone. Pregnant or lactating 
dogs were excluded from the follow-up study, as were those 
that had had BOAS surgery, carried multi-drug resistant 
bacteria, or were incapable of performing the exercise test 
due to illness or motivation problems, ie non-respiratory 
causes such as fear or unwillingness to move with 
researcher. Participation in dog shows and animals’ 
breeding history were tracked with the help of the Finnish 
Kennel Club public breeding database (Finnish Kennel 
Club KoiraNet 2020).  
During the follow-up visit, an owner questionnaire 
regarding BOAS signs, a physical examination, including 
clinical BOAS grading, and exercise tests were re-
performed, and haematology and biochemistry blood 
samples were taken as per our previous studies (Lilja-Maula 
et al 2017; Aromaa et al 2019). The demographics, owner-
reported BOAS signs, clinical BOAS grade and exercise 
test results from initial studies (Lilja-Maula et al 2017; 
Aromaa et al 2019) are re-presented in this paper for those 
dogs that participated in this follow-up study. 

Owner questionnaire and veterinary assessment of 
BOAS signs 
Owners were re-interviewed regarding their dogs’ daily 
welfare in terms of exercise intolerance, breathing, 
sleeping, and eating habits. The questionnaire was 
modified from Roedler et al (2013).  
The veterinary-assessed BOAS grade (0 = no, 1 = mild, 
2 = moderate, 3 = severe signs), modified from Liu et al 
(2015) and presented in Lilja-Maula et al (2017), consisted 
of an assessment of audible upper respiratory noise, pre- 
and post-exercise, and the presence of respiratory effort, 
dyspnoea, and cyanosis. The veterinarian carrying out the 
evaluation was blinded to the dogs’ previous results. 
Dogs graded as having no or mild BOAS signs were considered 
to be BOAS− while dogs with moderate or severe signs were 
designated BOAS+, as suggested by Liu et al (2015) and used in 
the initial studies (Lilja-Maula et al 2017; Aromaa et al 2019). 

Walk tests 
As previously described (Lilja-Maula et al 2017; Aromaa 
et al 2019) dogs were walked on a leash at their own pace 
along a 60-m straight corridor (room temperature 21–22°C). 
During walking/trotting dogs were motivated to perform 
their personal best but cantering or galloping was not 
allowed. First, the distance walked in 6 min was recorded 
and following that, dogs continued to walk until 1,000-m 
was reached. The time taken to complete the 1,000 m walk 
test was recorded. Respiratory rate and type, upper respira-
tory sounds, heart rate, and body temperature were 
evaluated before and after the 6-min and 1,000-m walking 
tests. Dogs were excluded from the test if they had 
dyspnoea, hyperthermia (body temperature above 39.5°C), 
clear motivation problems, or orthopaedic problems. After 
exercise, dogs’ recovery (ie, body temperature, respiratory 
and heart rate) time was monitored at 5-min intervals until 
they had returned to pre-exercise levels. Time limits to pass 
the 1,000-m walk test were 12-min walk time for English 
Bulldogs (Lilja-Maula et al 2017) or 11-min walk time for 
French Bulldogs and Pugs (Aromaa et al 2019) and, for all, 
recovery in 15 min. Dogs excluded before or during the test 
due to breathing difficulties or hyperthermia (ie BOAS 
signs) were considered to have failed the test. 

Statistical analysis  
Descriptive statistics are presented as means (± SD) for 
continuous normally distributed variables or median (and 
range) for non-continuous or non-normally distributed 
variables. For recovery time comparisons (ordinal 
variables), the Wilcoxon matched pairs test was chosen. 
The change in 6MWT distance and 1,000-m test time 
between initial and follow-up visits was assessed using the 
paired t-test and multiple linear regression model. The 
multiple linear regression model was also used to analyse 
the change in the walking test results between two testing 
time-points. Age at the initial study point and percentage 
change in bodyweight between the initial and follow-up 
visit were used as covariates. Overall changes with 95% 
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confidence intervals were estimated from the models. The 
analyses were conducted separately for Pugs and French 
Bulldogs. English Bulldogs’ exercise test results are 
presented only descriptively due to the very small sample 
size in the follow-up study. For group comparisons (ie 
differences in percentage bodyweight change between both 
visits between breeds) an independent sample t-test, 
without the assumption of equal variances, was used. 
The normality of the model residuals of the fitted statistical 
models (for the 6-min and 1,000-m tests) were assessed using 
the Shapiro-Wilk test of normality and normal QQ plots. 
Statistical analyses were conducted using GraphPad Prism 
Mac 8.3.0® and SAS® System for Windows, version 9.4 
(SAS Institute Inc, Cary, NC, USA). P-values < 0.05 were 
considered statistically significant. 

Results 

Study animals 
From the initial study population, 8/28 English Bulldogs, 
25/44 French Bulldogs, and 31/51 Pugs were re-evaluated 
after 2–3 years. The demographics at first visit and follow-
up visits are presented in Table 1.  
The most common reasons for dogs not participating in 
the follow-up study were owner-related: 21 refused and 
13 could not be reached. Other reasons for not partici-
pating were dog-related issues, ie nine dogs had been 
euthanased, six had had clear motivation problems during 
the exercise tests at the initial visit, six carried multi-drug 
resistant bacteria, four had orthopaedic or neurological 
problems, two had had BOAS surgery, and two were 
pregnant at the time of testing. 
At the time of writing, 49 of the 64 dogs (77%) had Finnish 
Kennel Club recorded dog show results and 34/64 dogs 
(53%) had been used for breeding, of which 8/34 (24%) had 
been used prior to two years of age. 

Owner questionnaire 
Two owners at the initial visit and three at the follow-up 
(out of the 64 owners) reported respiratory-related problems 
affecting their dogs’ welfare. Nine reported that exercise 
intolerance was a new problem compared to their dogs’ 
status in the initial visit, with three noting increased upper 
respiratory noises at rest, and four describing syncope. 
However, conversely, eight of the owners that had reported 
exercise intolerance at the initial visit did not report it in the 
second visit. In all, exercise intolerance was reported in 
20/64 (31%) dogs at the follow-up visit and 19/64 (30%) at 
the initial visit. Only one owner had reported weekly 
gastrointestinal signs (ie, vomiting and regurgitation) at the 
initial visit while, at the follow-up, three did so. When the 
owners were asked whether, at any point, their dogs had 
shown pronounced upper respiratory sounds, 50/64 (78%) 
reported this to be the case at the initial visit and, equally, 
50/64 (78%) at the follow-up. However, seven of the 
owners that reported this at the initial visit did not do so 
during the follow-up visit. The distribution of pronounced 
upper respiratory sounds in different situations during the 
initial and follow-up visits are shown in Figure 1. 

Veterinary assessment of BOAS signs 
Thirty-five (English Bulldog; n = 5, French Bulldog; n = 17, 
Pug; n = 13) of the 64 dogs were graded by a veterinarian into 
BOAS− class (ie, no or mild BOAS signs) and 29/64 dogs 
(English Bulldog; n = 3, French Bulldog; n = 8, Pug; n = 18) into 
BOAS+ (ie, moderate or severe BOAS signs). A clinically mean-
ingful change, ie a change in BOAS−/BOAS+ categorisation 
between both visits, was seen in 16 dogs (25%): 13 (20%) went 
from BOAS− to BOAS+ while three (5%) did the opposite 
(BOAS+ to BOAS−). The changes in veterinary-assessed 
BOAS severity grades between initial and follow-up visits are 
presented in Table 2. In those dogs that were ≤ 2 years of age at 
the time of the initial visit (French Bulldog; n = 10, Pug; n = 11), 
the BOAS grade worsened in 48% (French Bulldog; n = 3, Pug; 
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Table 1   Demographic data for study dogs. 

* Lilja-Maula et al (2017) and Aromaa et al (2019). 

English Bulldog (n = 8) French Bulldog (n = 25) Pug (n = 31)

Gender

Female 4 13 16

Male 4 12 15

Age (years; median, range) Initial* 3.4 (2.2–5) 2.5 (1.2–4.5) 3.3 (1–5.6)

Follow-up 6.3 (4.7–7.5) 4.6 (3.4–6.7) 5.3 (3.2–8.4)

Mean (± SD) weight (kg) Initial* 22.9 (± 2.3) 12.2 (± 1.4) 8.8 (± 1.3)

Follow-up 23.4 (± 1.8) 12.4 (± 1.5) 8.9 (± 1.6)

Body condition score (median, range) Initial* 3 (2–3) 3 (3–3) 3 (3–4)

Follow-up 3 (2–4) 3 (3–4) 3 (2–4)
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n = 7). In contrast, for those dogs that were over two years of age 
at the initial visit (English Bulldog; n = 8, French Bulldog; 
n = 15, Pug; n = 20), the BOAS grade worsened only in 16% 
(English Bulldog; n = 2, French Bulldog; n = 2, Pug; n = 3). 
Also, younger Pugs gained weight more than all the older dogs 

(P = 0.0007) or young French Bulldogs (P = 0.05). Similar 
weight gain was not observed in young French Bulldogs 
compared with all older dogs (P = 0.5). The mean percentage 
weight change in younger Pugs was +7.7%, younger French 
Bulldogs +1.1%, and in all older dogs −0.4%. 
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Figure 1

Owner-reported presence of increased upper respiratory sounds in different situations at the initial and follow-up visits in English 
Bulldogs, French Bulldogs and Pugs (n = 64). * Lilja-Maula et al (2017) and Aromaa et al (2019). 

Change in BOAS grade (0, 1, 2, 3) English Bulldog (n = 8) French Bulldog (n = 25) Pug (n = 31) Total (n = 64)

No change 4 (50%) 19 (76%) 15 (48%) 38 (59%)

0 0 3 1

1 3 13 5

2 1 3 4

3 0 0 5

Worsened 2 (25%) 5 (20%) 10 (32%) 17 (27%)

From 0 → 1 0 1 1

From 1 → 2 1 3 8

From 1 → 3 1 0 0

From 2 → 3 0 1 1

Improved 2 (25%) 1 (4%) 6 (19%) 9 (14%)

From 1 → 0 2 0 3

From 2 → 1 0 0 3

From 3 → 2 0 1 0

Table 2   Veterinary-assessed brachycephalic obstructive airway syndrome (BOAS) severity grade change from initial 
visit to follow-up visit in English Bulldogs, French Bulldogs and Pugs.

BOAS grade: 0 = no signs;1 = mild; 2 = moderate; 3 = severe.
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Blood samples were taken from all the dogs. There were 
no significant changes in haematology. One Pug and one 
French Bulldog had a moderate (2–3 times upper limit) 
increase and two French Bulldogs a remarkably high 
(> 3 times upper limit) increase in alanine transaminase. 
One Pug and one English Bulldog had a mild (< 2 times 
upper limit) increase and one French Bulldog a moderate 
increase in alkaline phosphatase. All the dogs with 
changes in blood chemistry were clinically asymptomatic. 
One Pug had remarkable hypoalbuminaemia. Two Pugs 
had a mild increase in creatine. 

Walk tests 
Walk test results at the initial and follow-up visit in French 
Bulldogs and Pugs are presented in Table 3. At the initial 
visit, for English Bulldogs (n = 7, one excluded due motiva-
tion problems), the mean (± SD) results for the 6-min 
walking distance (6MWD) and the 1,000-m test were 
541 (± 66) m and 11.53 (± 0.98) min, respectively, 
compared to 591 (± 34) m and 10.74 (± 0.66) min for the 
follow-up (n = 8). For 1,000-m test, 4/7 passed the test at 
initial visit and 6/8 at follow-up. 
Changes in the walk test results (ie, distance and time) 
between the two testing time-points and the influence of 
the initial evaluation age or weight change to the test 
results in French Bulldogs and Pugs are presented in 
Tables 4(a,b) and 5(a,b). 

Discussion  
Our follow-up study showed differences in breed for the 
mean change in exercise test results for Pugs compared to 
French Bulldogs. In Pugs, both exercise test results worsened 
over time and the initial age at evaluation had a significant 
effect on the 1,000-m time change. For French Bulldogs, no 
significant change over time was seen for either test result, 
but weight gain had a negative effect on the 1,000-m time. 
The veterinary-assessed BOAS class stayed fairly constant 
and most changes for the worse were seen for those dogs 
initially evaluated at less than two years of age. 
Owner questionnaire results regarding BOAS signs were 
relatively similar between initial and follow-up studies. 
Only a few owners reported new, severe BOAS-related 
signs, such as syncope, in their dogs. A low number of 
owner-reported BOAS signs is not a surprising finding 
given that 55% of dogs in our study were also evaluated by 
the veterinarian as having no or mild BOAS signs. 
However, BOAS signs may be underestimated by owners or 
considered to be normal for the breed (Packer et al 2012, 
2019; Roedler et al 2013). Brachycephalic dog breed 
owners have also been shown to possess particularly close 
emotional bonds with their pets and despite the owner-
reported disorders, the majority consider their dog to be in 
good health (Packer et al 2019). In our study, only 5% of 
owners reported breathing problems impinging on their 
dog’s welfare while, on the other hand, 31% reported 

Animal Welfare 2021, 30: 441-448 
doi:  10.7120/09627286.30.4.007

Table 3   Mean (± SD) and range exercise test results at the initial and follow-up visits for French Bulldogs and Pugs.

6MWD: 6-minute walk distance. 
* Passing the 1000-m test: For French Bulldogs and Pugs, time ≤ 11 min and recovery ≤ 15 min. 
** Including dogs that were disqualified before or during the test due to brachycephalic obstructive airway syndrome related clinical signs 
and were considered to fail the test. 
† Aromaa et al (2019). 

French Bulldog (n = 25) Pug (n = 31)

1st visit† 2nd visit 1st visit† 2nd visit

6MWD (m) 627 (± 69) 601 (± 55) 572 (± 57) 548 (± 58)

(435–745) (510–710) (400–700) (400–640)

n = 25                P = 0.11 n = 25 n = 31             P = 0.007 n = 30

1,000-m (min) 9.78 (± 0.95) 9.87 (± 0.86) 10.80 (± 1.32) 11.11 (± 1.02)

(8.25–11.88) (8.43–11.27) (9.1–15.55) (9.50–13.90)

n = 24                P = 0.96 n = 22 n = 30              P = 0.14 n = 30

1,000-m recovery (m)

≤ 5 min 3/24 9/22 4/30 5/30

≤ 10 min 11/24                 P = 0.17 9/22 17/30               P = 0.67 13/30

≤ 15 min 8/24 2/22 7/30 8/30

≥ 15 min 2/24 2/22 2/30 4/30

Passing 1,000-m walk test* 19/25** 18/25** 23/30 14/30

(Number of animals) 76% 72% 77% 47%

http://dx.doi.org/10.7120/09627286.30.4.007
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exercise intolerance and 78% pronounced upper respiratory 
sounds. Public criticism of brachycephalic dogs has also 
increased between the two studies and may also have influ-
enced owner responses. 
The veterinary-assessed functional BOAS grade and BOAS 
class did not change in the majority (59 and 75%, respec-
tively) of dogs. This is an encouraging finding since BOAS 
is mainly considered to be a progressive disease and func-
tional BOAS assessment, although having set criteria, is 
largely subjective. Most changes were, as expected, for the 
worse but a number of individuals were graded as having 
less severe signs at the follow-up. This reflects the dynamic 

nature of BOAS and the extent to which stress and excite-
ment can affect the clinical presentation. However, the 
initial evaluation age seems to be an important factor, espe-
cially in Pugs, as the BOAS grade worsened mainly in dogs 
evaluated at less than two years of age. Additionally, as 
weight gain can exacerbate signs of BOAS (Manens et al 
2012; Packer et al 2015), we compared the percentage 
weight change in these two age groups and found younger 
dogs to gain more weight than their older counterparts and, 
furthermore, young Pugs gained more weight compared to 
young French Bulldogs. This finding is in keeping with 
previous studies that have shown that Pugs tend to be over-
weight (O’Neill et al 2016; Liu et al 2017b) and are ten 
times more likely to be obese compared with other breeds 
(Such & German 2015). As obesity has been shown to 
further compromise breathing and cause exercise and heat 
intolerance, it is advisable to favour a lean body condition 
in brachycephalic breeds (German 2006; Manens et al 
2012). Altogether, our study gives new information 
regarding the natural progression of BOAS during young 
adulthood in those dogs that have not undergone surgery 
and represent the less severely affected population. As 
BOAS grade worsened in only 27% of dogs in our study, it 
can be concluded that BOAS signs do not categorically 
worsen in all brachycephalic dogs during adulthood. 
However, studies reporting the progression of BOAS signs 
during an entire lifespan are needed and worsening can be 
different in dogs with initially more severe signs of BOAS. 
The sub-maximal exercise test used for breeding consists of 
exercise and recovery components. In our study, the limit to 
pass the 1,000-m test was based on our previous results 
(Lilja-Maula et al 2017; Aromaa et al 2019). The dog must 
walk 1,000 m in a maximum of 11 min (Pugs and French 
Bulldogs) or 12 min (English Bulldogs) and return to pre-
test levels within 15 min. The recovery part considers heart 
rate, respiratory effort, and temperature. Using these param-
eters, 74% of dogs passed the test at the initial visit and 60% 
at the follow-up. The longer exercise, ie the 1,000-m test, 
seemed in our earlier study (Aromaa et al 2019) to reveal 
more clearly the signs related to BOAS compared to the 
6MWT and, in the present study, the results also appeared 
slightly more stable in the 1,000-m test. 
There were breed differences in the 6MWT distance and 
1,000-m time change, with a significant change for the 
worse seen over time in Pugs but not French Bulldogs. 
However, there was a significant effect of weight gain 
causing an extension of time to complete the 1,000-m test in 
French Bulldogs. In Pugs, the change in the 6MWT distance 
was not significantly influenced by the initial evaluation age 
or weight change, but the change in the 1,000-m time was 
influenced by the initial age. This deterioration was empha-
sised in initially younger Pugs, as an increase in age at the 
initial visit decreased the 1,000-m time change from the 
initial visit. Although not significant, a similar age effect 
was also seen for the change in the 6MWT distance for Pugs 
as well as a weight gain effect for change in the 6MWT 
distance in French Bulldogs. 
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Table 4(a)   Multiple linear regression analysis of 6-min 
walking distance change (m) between initial and follow-
up visit in French Bulldogs (n = 23). 

Table 4(b)   Multiple linear regression analysis of 6-min 
walking distance change (m) between initial and follow-
up visits in Pugs (n = 30). 

Table 5(a)   Multiple linear regression analysis of 1,000-m 
time change (min) between initial and follow-up visit in 
French Bulldogs (n = 20).

Table 5(b)   Multiple linear regression analysis of 1,000-m 
time change (min) between initial and follow-up visit in 
Pugs (n = 29).

Estimate SE 95% CI P-value

Mean change –49.10 48.65 –150.6 to 52.38 0.32

Age at initial visit 8.11 17.48 –28.36 to 44.58 0.65

Weight change (%) –4.18 3.00 –10.44 to 2.09 0.18

Estimate SE 95% CI P-value

Mean change –62.98 26.32 –116.98 to –8.99 0.02

Age at initial visit 11.76 7.44 –3.51 to 27.03 0.13

Weight change (%) –0.12 1.28 –2.75 to 2.51 0.93

Estimate SE 95% CI P-value

Mean change 0.35 0.64 –1.00 to 1.70 0.60

Age at initial visit –0.14 0.23 –0.62 to 0.34 0.55

Weight change (%) 0.09 0.04 0.007 to 0.17 0.04

Estimate SE 95% CI P-value

Mean change 1.45 0.54 0.33 to 2.60 0.01

Age at initial visit –0.37 0.16 –0.69 to –0.05 0.03

Weight change (%) 0.02 0.03 –0.03 to 0.07 0.50
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Based on our results, the walk test seems repeatable over 
time in young, adult, breeding age dogs. The initial evalua-
tion age should be taken into account and the optimal 
breeding assessment age for BOAS in brachycephalic dogs 
must be carefully considered. It could be recommended that 
BOAS assessment and exercise testing for breeding is not 
carried out prior to two years of age or should at least be 
done again if performed younger. Our study group repre-
sents the real population used for breeding in Finland, as the 
majority of dogs had participated in dog shows and half had 
been used for breeding at the time of article writing. 
A study limitation includes the relatively small number of 
dogs, particularly English Bulldogs. The low numbers of 
these in the follow-up study was due to several different 
reasons. Most significantly, the English Bulldogs were 
slightly older at the time of initial and follow-up studies, 
therefore there was a greater likelihood of other health-
related problems and death occurring. Due to these low 
numbers, only the results from Pugs and French Bulldogs 
underwent statistical analysis and cannot be extrapolated to 
English Bulldogs. It should be noted, however, that in the 
initial study, only seven of 26 English Bulldogs passed the 
1,000-m walk test (Lilja-Maula et al 2017). 

Animal welfare implications 
The welfare aspects related to breeding of brachy-
cephalic dogs are complex and should not focus only on 
respiratory problems. However, in humans, ‘air hunger’ 
is reported as being one of the most devastating feelings 
related to breathlessness and therefore can be regarded as 
a major welfare concern in brachycephalic dogs 
(Beausoleil & Mellor 2015). Kennel clubs around the 
world have woken to this issue and launched different 
recommendations regarding BOAS and breeding. A 
phenotype-based upper airway syndrome screening 
programme has been established in Norwich terriers in 
Switzerland since 2003 and a marked reduction in the 
severity of upper airway signs has been reported 
(Marchant et al 2019). Based on our previous studies 
(Lilja-Maula et al 2017; Aromaa et al 2019) and the 
present follow-up study, the exercise tolerance tests are 
safe, non-invasive, cost effective and easy to use tools 
for assessing the severity of BOAS. As BOAS is a multi-
factorial syndrome, the most reliable evaluation of indi-
vidual dogs’ BOAS signs is obtained by combining the 
exercise part with evaluation of recovery, nostril 
stenosis, and veterinary-assessed BOAS grade. In our 
studies, we have also encountered brachycephalic dogs 
that do not show or show only mild BOAS signs and 
whose signs do not progress during young adulthood. 
However, the question of whether any breeding selection 
tools used for brachycephalic breeds are sufficient to 
effectively battle against BOAS, remains unanswered. 
Furthermore, possible cross-breeds and their offspring 
should be evaluated for BOAS prior to further breeding.  

Conclusion 
Based on our follow-up study, both the exercise tests and func-
tional BOAS grading are easily repeated in the same individual 
over time and the results remain fairly consistent in breeding 
age adults. However, it is recommended that breeding assess-
ment for BOAS not be performed prior to two years of age, and 
breeders and owners should be further educated on the harmful 
impact of weight gain on BOAS signs. Future offspring studies 
on the long-term effects of any BOAS breeding schemes on 
brachycephalic dog health are needed. 
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