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INTRODUCTION

Until recently, beliefs on important companion animal health issues were generally moulded by 
expert opinion (‘eminence-based veterinary medicine’) from recognised experts or self-appointed 
commentators (Holmes and Cockcroft 2004). However, although often highly persuasive, experts 
opinion is now regarded as a weak source of evidence because the belief systems of individual 
experts are inevitably framed by their many personal and deeply held cognitive biases (Holmes and 
Ramey 2007). This partially explains why experts often disagree vehemently on specific t opics. 
Consequently, ‘evidence-based veterinary medicine’ has gained increased traction since the 1990s, 
and we now rely increasingly on evidence generated from population-based studies for better 
 decision-making (Huntley et al. 2016, Holmes and Ramey 2007). In this chapter, I welcome you into 
my exciting and entrancing world of epidemiology where you can explore the evidence we now have 
on brachycephalic topics such as disorder prevalence and predisposition, demography and  longevity. 
This chapters aims to provide the enthusiastic reader with the tools and the data to appreciate a 
population-based view of brachycephalic health. Enjoy your trip.
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BACKGROUND

Before we enter the world of brachycephalic data, it is important to grasp some core epidemiologi-
cal principles. Epidemiology literally means “the study of what is upon the people” but is generally 
prefixed as ‘veterinary epidemiology’ when applied to animals. Since the time of Hippocrates over 
2000 years ago, humankind has sought to understand the causation of disease using methods that 
counted disease occurrences and then extracted patterns from these data. The term  ‘epidemiology’ 
was coined in the sixteenth century. Associations noted by Ignaz Semmelweiss between hygiene 
standards and maternal mortality due to childhood fever in Vienna in 1842, and by John Snow 
between water supplies and cholera outbreaks in London in 1854, helped to establish this new 
 science of epidemiology as critical for understanding disease in man and later in animals (Paneth 
2004). Veterinary epidemiology is now an established science within the core curriculum for veteri-
nary medicine undergraduates and also offers specific post-graduate qualifications (London School 
of Hygiene and Tropical Medicine 2020).

Veterinary epidemiology offers structured scientific methods for systematic collection of data, 
hypothesis-driven research, use of analytical techniques, and implementation of results to inform 
actions and policy (Dohoo, Martin, and Stryhn 2009). In the veterinary companion animal sphere, 
these methods have classically been applied to epidemic diseases (i.e. new diseases or with sudden 
increases in case counts above normal expectations in that area) such as canine distemper in the 
1920s (Bresalier and Worboys 2014) and parvovirus in dogs in the 1970s (Miranda and Thompson 
2016). However, as immunisation and improved hygiene reduced the contribution of infectious 
 diseases to the overall disease burden of companion animals, epidemiological understanding for 
the control of endemic diseases (i.e. diseases with a constant presence in a population within a 
 geographic area) has become more important.

Although recognised for over a century (Skipper 2019), health issues associated with extreme 
body conformation have become increasingly prioritised as critical endemic diseases in companion 
animals over recent decades (McGreevy and Nicholas 1999). Given that breed is defined as “a group 
of animals selected by man to have a uniform appearance that distinguishes them from other mem-
bers of the same species” (Hall and Bradley 1995, Langer 2018), this means that man has continued 
to ‘gift’ conformation-related disorder predispositions to animals born to breeds with extreme con-
formations. Breed conformation and breed popularity are not intrinsic features created by nature 
but are instead dictated by the whim of humans. It follows therefore that the levels of endemic 
diseases associated with these conformations and breeds in the overall animal population are also 
at the whim of humans to control (Galibert et al. 2011). This realisation has led to the development 
of specific breed and conformation health disciplines within companion animal  epidemiology, with 
several large research programmes now specifically exploring these topics worldwide (VetCompass 
Australia 2020, VetCompass 2020, PETscan 2020). Using this framework of understanding, this 
chapter will focus specifically on epidemiological aspects related to brachycephaly, although the 
methods discussed here are equally applicable to other extreme conformations in companion 
 animals (DogWellNet. 2020).

EPIDEMIOLOGICAL PRINCIPLES

The authors of many chapters of this book present epidemiological evidence to support their conclu-
sions. A good understanding of the basic methods and terminology of epidemiology will assist the 
astute reader to best harness the powers of this wonderful science.

Epidemiological evidence comes at two levels of inference: descriptive and analytic. 
Descriptive epidemiology describes the world as it is, in relation to the population, location and 
time period under study. In the context of this chapter, for example, descriptive epidemiology 
will describe the popularity of specific breeds or the frequency of disease within these breeds. 
The frequency of disease is called prevalence and is reported as the proportion (or percentage) 
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of study animals affected by disease at a point in time (point prevalence) or during a specified 
period of time (period prevalence). For example, a study using veterinary clinical data reported 
a 1-year period prevalence of 13.18% for overweight/obesity in Pugs in the UK (O’Neill, 
Darwent, et al. 2016). This is useful information to help prioritise this condition compared to 
other conditions in the breed; overweight/obesity was the most common disorder reported in 
Pugs in that study, providing some evidence that control of overweight/obesity is highly relevant 
to the health of this breed. However, if we wanted to learn whether Pugs were predisposed to 
overweight/obesity, we would need a study that compared the risk of overweight/obesity in Pugs 
to other breeds (Pegram et al. 2020). Equally, if we wanted to understand the overall welfare 
impact of overweight/obesity on Pugs, we would additionally need to take account of disorder 
severity and duration to get a fuller welfare picture (Summers et al. 2019). The key message for 
readers here is that each piece of epidemiological evidence is just part of a larger jigsaw; one 
piece of evidence on its own should not be assumed to answer broader welfare questions fully.

Whereas descriptive epidemiology describes ‘what is’, i.e. patterns of disease, humans are often 
more interested in ‘why it is’. For this, we rely on analytic epidemiology to evaluate risk factors. 
Risk factors describe features of an animal or its environment where we can quantifiably report 
associations with disease likelihood (Pfeiffer 2010). Important risk factors for disease include sex, 
neutering and age, but in the context of this book, the most important risk factors are brachycephalic 
conformation and breed. Comparative results for risk factors are generally reported as odds ratios 
(OR) or risk ratios (RR). These compare the relative probability of a disorder (e.g. patellar luxation) 
between categories of the risk factor (French Bulldog versus crossbreds as categories within breed 
as a risk factor). For example, if breed is the risk factor for a study of patellar luxation in dogs, 
we can say that French Bulldogs have 5.4 times the odds (95% confidence interval [CI] 3.1–9.3, 
P < 0.001) of patellar luxation compared to crossbred dogs (O’Neill, Meeson, et al. 2016). Odds and 
risk ratios are interpreted similarly; values above 1.0 suggest increased disease probability (risk), 
whereas values below 1.0 suggest reduced probability. If the 95% CI spans 1.0 (i.e. if 1.0 appears 
between the lower and upper bounds of the 95% CI), this suggests little or no evidence of differ-
ence between the categories. The wary reader should note that logical selection of the baseline cat-
egory for these comparisons is critical. For example, a dystocia study (difficulty whelping) reported 
French Bulldogs as the most predisposed breed, with 15.9 times odds (95% CI 9.3–27.2, P < 0.001) 
compared with crossbred bitches. However, if this comparison had been to another predisposed 
breed such as the Boston Terrier (OR 12.9, 95% CI 5.6–29.3, P < 0.001), French Bulldogs would not 
have seemed at any increased risk (O’Neill, O’Sullivan, et al. 2017).

Due to financial and logistical constraints, epidemiological studies are generally based on sub-
sets (samples) of animals rather than on the full population. Such studies therefore report estimated 
values that can be extrapolated from the sample to any wider population with similar characteristics 
to the sampled animals. These estimated values are accompanied by a 95% confidence interval 
(often abbreviated to 95% CI) that provides lower and upper limits between which the study is 95% 
confident the true value in the wider general population exists. The 95% CI therefore describes 
the uncertainty surrounding the estimated value; a wide 95% CI (i.e. a wide interval between the 
lower and upper limits) shows high uncertainty, whereas a narrow 95% CI shows higher precision 
(Pfeiffer 2010). The p-value is another useful statistic that helps to infer the strength of evidence for 
analytic test results. The older convention was to accept p-values under 0.05 as ‘statistically signifi-
cant’. However, perceptive readers are now advised to consider the exact p-value and to take a more 
holistic approach by also examining other aspects such as the size of the study, level of the effect, 
width of the confidence interval and the choice of comparator group before reaching conclusions 
(Jeffery 2015).

Epidemiological work on brachycephaly ultimately aims to identify key attributes and relation-
ships that we can modify over time to improve welfare. Each new piece of epidemiological evidence 
should be integrated within our pre-existing overall body of scientific knowledge. We can then apply 
this new updated evidence base towards the creation of innovative solutions for key issues within 
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the overall brachycephalic crisis. For example, based on epidemiological evidence that Pugs are 
predisposed to corneal ulceration (O’Neill, Darwent, et al. 2016, O’Neill, Lee, et al. 2017), ow ners 
can be alerted to this problem and the need for vigilant ocular care in the breed, e.g., via brachy-
cephalic nursing clinics as explored in Chapter 6: nurses and the brachycephalic patient – practical 
considerations and the role of VNs in improving brachycephalic health. Additionally, veterinarians 
can increase their clinical vigilance during ophthalmological examinations and perhaps also ensure 
routine assessment for keratoconjunctivitis sicca (dry eye) in this breed, as explored in Chapter 12: 
Ophthalmology in practice for brachycephalic breeds.

 

Health issues of brachycephalic animals generally have very complex ‘webs of causation’ and 
therefore require deep epidemiological consideration to ensure robust results and interpretations. 
For example, brachycephalic dogs are 11.18 times more likely to have corneal ulceration than 
 crossbred dogs (O’Neill, Lee, et al. 2017). However, older dogs are also more likely to show corneal 
 ulceration; dogs aged 9–12 years have 2.74 times the odds of dogs aged under 3.0 years (O’Neill, Lee, 
et al. 2017). Given that average age often differs between breeds in the wider population because 
of changing popularity and typical lifespans, this suggests that direct comparison of corneal ulcer-
ation risk between breeds (univariable analysis) will fail to take this age effect into account and 
therefore give biased confounded results (Pfeiffer 2002). Younger breeds or groups of dogs will be 
confounded to show lowered risk because younger dogs are less likely to get corneal ulceration due 
to their age. Confounding (literally meaning to ‘mix up’ or ‘confuse’) describes mixing up effects 
from the risk factor of interest (e.g. breed) with some other factor (e.g. age) that is also associated 
with the disease outcome. Due to limited computing power at that time, many older epidemiologi-
cal studies in veterinary medicine reported only univariable findings. These were likely to be heav-
ily confounded and therefore should now be interpreted with extreme  caution. Thankfully, modern 
powerful computing now enables researchers to carry out multivariable analyses that can account 
for the effects of many confounding variables (provided these have been collected). The cautious 
reader should seek out multivariable results wherever possible rather than accepting findings from 
univariable analyses that may be misleading.

PREDISPOSITIONS AND PROTECTIONS TO DISORDERS 
IN BRACHYCEPHALIC COMPANION ANIMALS

A key epidemiological question in relation to brachycephalic health asks which disorders are more 
common (i.e. predisposed) or less common (i.e. protected) in individual brachycephalic breeds or in 
brachycephalic animals overall. Although this might seem an easy question to answer at a concep-
tual level, it is not quite so simple at an epidemiological level. We need to consider carefully issues 
such as the case definitions for disorders (i.e. how to define some dogs as having the disorder and 
other as not) and to explore selection biases in how the animals were included in the study as well 
as considering how the data were analysed.

One approach to answering this predisposition question is to sift through the total body of published 
studies to date. This approach was applied in a recent book Breed Predispositions to Disease in Dogs 
and Cats that reported all disorders with evidence of predisposition in individual dog and cat breeds 
worldwide (Gough, Thomas, and O’Neill 2018). The quasi ‘systematic review’ findings described in 
this book showed us what science had reported so far on breed predispositions and perhaps also high-
lights some limitations for interpreting this evidence. Tables 7.1 and 7.2 show the counts of unique 
predisposed disorders in common brachycephalic dog and cat breeds, respectively, compared with 
some common non-brachycephalic breeds. These results make interesting reading because they do 
not appear, at first glance, to support a hypothesis that brachycephalic dog or cat breeds have more 
predispositions than their non-brachycephalic counterparts. However, it should be noted that few of the 
published studies included in that book began with a clearly defined plan on which breeds would be 
explored; instead, most just reported on the most common breeds that happened to be available at the 
time of the study. Consequently, popular breeds are more likely to be included in studies and therefore 
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to show greater numbers of published predispositions, while rare breeds may be infrequently e valuated 
for predispositions. Absence of evidence is not evidence of absence, so we should interpret published 
predisposition counts cautiously as a measure of breed health. That said though, the evidence that is 
available for disorder predispositions within breeds still provides a useful resource to support health 
plans for these breeds (The Kennel Club 2020a). It is worth noting that predisposition evidence alone is 
insufficient to confirm the welfare importance of that disorder to breed health; evidence on the r elative 
severity, duration and prevalence also need to be considered (Summers et al. 2019).

TABLE 7.1
Counts of Individual Disorders with Evidence of Predisposition in Common 
Brachycephalic Breeds of Dogs, Compared with Some Common Mesocephalic and 
Dolichocephalic Breeds Worldwide (Gough, Thomas, and O’Neill 2018) 

Breed Skull-Shape Category No. Disorder Predispositions

Boxer Brachycephalic 76

Pug Brachycephalic 41

English Bulldog Brachycephalic 39

Shih-Tzu Brachycephalic 39

Cavalier King Charles Spaniel Brachycephalic 29

Pekingese Brachycephalic 24

Boston Terrier Brachycephalic 22

Lhasa Apso Brachycephalic 21

Chihuahua Brachycephalic 20

French Bulldog Brachycephalic 18

Bull Mastiff Brachycephalic 11

Dogue de Bordeaux Brachycephalic 7

American Bulldog Brachycephalic 3

King Charles Spaniel Brachycephalic 0

German Shepherd Dog Dolichocephalic 77

Dachshund Dolichocephalic 47

Greyhound Dolichocephalic 34

Whippet Dolichocephalic 13

Labrador Retriever Mesocephalic 70

Cocker Spaniel Mesocephalic 63

Yorkshire Terrier Mesocephalic 47

Staffordshire Bull Terrier Mesocephalic 20

TABLE 7.2
Counts of Individual Disorders with Evidence of Predisposition in Common 
Brachycephalic Breeds of Cats, Compared with Some Common Mesocephalic and 
Dolichocephalic Breeds Worldwide (Gough, Thomas, and O’Neill 2018) 

Breed Skull-Shape Category No. Disorder Predispositions

Persian Brachycephalic 29

Burmese Brachycephalic 24

Himalayan Brachycephalic 15

Siamese Non-brachycephalic 38

Abyssinian Non-brachycephalic 19

Ragdoll Non-brachycephalic 13
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Studies designed a priori to specifically compare health between skull shape groups offer a 
more scientifically robust approach to explore overall brachycephalic health. This concept is 
being  increasingly applied by the VetCompass Research Group in the UK (VetCompass 2020). 
VetCompass studies include all animals under first-opinion veterinary care at participating cl inics 
and aim for results that are generalisable to the wider population of companion animals. Reliability 
of these results also benefits from having health information recorded by veterinarians contempora-
neously at the time of these clinical events (O’Neill et al. 2014b).

There is substantial evidence that skull conformation is a risk factor for brachycephalic 
obstructive airway disease (BOAS) in brachycephalic dog breeds (Liu et al. 2017). However, by 
 definition, BOAS cannot be a diagnosis in non-brachycephalic animals, and there is growing 
evidence that normalisation of BOAS in brachycephalic breeds leads to under-recognition and 
under-reporting of this disorder by both owners and veterinarians (Packer et al. 2015, 2019, 2020). 

To overcome these issues, an early VetCompass study widened this research question to explore 
upper respiratory tract (URT) disorders in general. Random samples from three extreme brachyce-
phalic breed types (Bulldog, French Bulldog and Pug) were compared to three other common small-
to-medium-sized breed types (moderate brachycephalic: Yorkshire Terrier and non- brachycephalic: 
Border Terrier and West Highland White Terrier) (O’Neill, Jackson, et al. 2015). The prevalence 
of URT disorders among the study dogs overall was 15.8% (95% CI: 13.2–18.4), highlighting the 
relevance of URT disorders to the overall disorder burden of dogs. The prevalence of URT disor-
ders was substantially higher in extreme brachycephalic dogs (22.0%, 95% CI: 18.0–26.0) than in 
the moderate and non-brachycephalic group (9.7%, 95% CI: 7.1–12.3) (P < 0.001). The prevalence of 
having at least one URT disorder varied significantly between the individual breed types: Bulldog 
19.5%, French Bulldog 20.0%, Pug 26.5%, Yorkshire Terrier 13.0%, Border Terrier 9.0% and West 
Highland White Terrier 7.0% (P < 0.001). Following multivariable modelling to account for con-
founding (e.g. age differences between the dogs), the extreme brachycephalic breeds had 3.5 times 
(95% CI: 2.4–5.0, P < 0.001) the odds of diagnosis with at least one URT disorder compared to 
the moderate and non-brachycephalic group. Similarly after multivariable modelling, the English 
Bulldog (OR 4.0, 95% CI 2.1–7.9, P < 0.001), French Bulldog (OR 5.1, 95% CI 2.6–10.2, P < 0.001), 
Pug (OR 6.9, 95% CI 3.6–13.3, P < 0.001) and Yorkshire Terrier (OR 2.2, 95% CI 1.1–4.5, P = 0.026) 
had higher odds of having at least one URT disorder compared with the West Highland White 
Terrier. These results highlight the complexity of exploring health issues in brachycephalic dogs 
where we have many breeds that may have their own unique health patterns. It is also clear that 
there are also health issues in non-brachycephalic dogs that need to be considered before reaching 
overall conclusions. In short, this study confirmed a substantial predisposition to URT disorders 
in brachycephalic breeds but additionally showed that URT conditions are also common in non-
brachycephalic dogs.

A more recent VetCompass study undertook a more holistic epidemiological exploration of pre-
dispositions and also protections to common disorders in brachycephalic dogs in the UK (O’Neill 
et al. 2020). Information on all disorders during 2016 was extracted on a random sample of 22,333 
dogs from an overall population of 955,554 dogs attending 784 veterinary clinics. Breeds were 
categorised as either brachycephalic or non-brachycephalic. Multivariable analyses compared the 
odds between the skull shape categories for each of the 30 most common disorders across both 
categories. After accounting for confounding factors such as age, the odds for 10 of the 30 disor-
ders differed between the brachycephalic and non-brachycephalic groups of dogs. This suggests 
that there are core health differences between brachycephalic dogs and the remaining dog popula-
tion. However, review of the disorders that differed suggests that some of these differences may be 
unrelated to brachycephaly per se and that highly popular breeds in each group may have heavily 
influenced the results. For example, Cavalier King Charles Spaniels are highly predisposed to show 
heart murmurs (Mattin et al. 2015) and therefore their inclusion in the brachycephalic category may 
explain the high odds ratio (predisposition) for heart murmurs in this group.
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Brachycephalic dogs showed predispositions in eight of the ten disorders that differed between 
the groups, and showed protection in the remaining two disorders (Table 7.3). This imbalance 
 provides some evidence that the health of brachycephalic dogs in relation to common disorders 
is poorer than the health of non-brachycephalic dogs but also identifies that this deleterious effect 
is not  universal across  disorders. The predispositions identified here in brachycephalic dogs were 
supported by previous studies that also evidenced high prevalence and risk of disorders such 

TABLE 7.3
Prevalence of the 30 Most Common Disorders Recorded in Brachycephalic (n = 4,169) 
and Non-brachycephalic (n = 18,079) Dog Types under UK Primary Veterinary Care from 
January 1, 2016 to December 31, 2016 at Practices Participating in the VetCompass 
Programme

Brachycephalic Non-brachycephalic Odds 95% Confidence 
Disorder No. (%) No. (%) Ratio Interval P-Value*
Corneal ulceration 100 (2.40) 72 (0.40) 8.40 5.21–13.56 < 0.001
Heart murmur 143 (3.43) 330 (1.83) 3.52 2.70–4.60 < 0.001
Umbilical hernia 91 (2.18) 117 (0.65) 3.16 1.94–5.18 < 0.001
Pododermatitis 71 (1.70) 230 (1.27) 1.66 1.20–2.28 0.002
Skin cyst 50 (1.20) 196 (1.08) 1.52 1.04–2.22 0.029
Patellar luxation 86 (2.06) 146 (0.81) 1.40 1.01–1.93 0.038
Otitis externa 303 (7.27) 1323 (7.32) 1.29 1.10–1.51 0.002
Retained deciduous tooth 88 (2.11) 137 (0.76) 1.30 0.85–2.01 0.221

Pyoderma 67 (1.61) 258 (1.43) 1.26 0.92–1.74 0.156

Anal sac impaction 249 (5.97) 822 (4.55) 1.24 1.03–1.50 0.021
Pruritus 81 (1.94) 282 (1.56) 1.22 0.90–1.67 0.203

Overgrown nail(s) 212 (5.09) 760 (4.20) 1.18 0.98–1.43 0.102

Wound 42 (1.01) 208 (1.15) 1.15 0.77–1.72 0.497

Disorder not diagnosed 20 (0.48) 161 (0.89) 1.09 0.55–2.16 0.805

Allergy 66 (1.58) 284 (1.57) 1.06 0.76–1.48 0.709

Diarrhoea 143 (3.43) 706 (3.91) 1.05 0.82–1.33 0.710

Gastroenteritis 64 (1.54) 233 (1.29) 1.05 0.74–1.51 0.778

Skin mass 57 (1.37) 406 (2.25) 1.01 0.73–1.39 0.972

Lameness 88 (2.11) 502 (2.78) 0.99 0.74–1.31 0.922

Flea infestation 101 (2.42) 356 (1.97) 0.98 0.73–1.31 0.878

Obesity 266 (6.38) 1311 (7.25) 0.96 0.81–1.14 0.657

Vomiting 131 (3.14) 546 (3.02) 0.96 0.74–1.24 0.748

Periodontal disease 485 (11.63) 2310 (12.78) 0.93 0.81–1.07 0.308

Aggression 86 (2.06) 414 (2.29) 0.91 0.67–1.22 0.511

Conjunctivitis 86 (2.06) 413 (2.28) 0.89 0.65–1.22 0.464

Foreign body 40 (0.96) 241 (1.33) 0.80 0.52–1.24 0.323

Osteoarthritis 39 (0.94) 483 (2.67) 0.79 0.53–1.16 0.230

Lipoma 17 (0.41) 303 (1.68) 0.59 0.34–1.01 0.056

Undesirable behaviour 42 (1.01) 291 (1.61) 0.52 0.34–0.81 0.003
Claw injury 31 (0.74) 278 (1.54) 0.45 0.29–0.70 < 0.001

The probability for each disorder in brachycephalic compared with non-brachycephalic dogs is reported using multivariable 
methods (mixed effects multivariable logistic regression modelling that included the skull conformation, adult bodyweight 
category, bodyweight relative to breed/sex mean, age category, sex, neuter and insurance with the clinic attended included as 
a random effect). P-values < 0.05 in bold.



92 Health and Welfare of Brachycephalic (Flat-faced) Companion Animals

as corneal ulceration (O’Neill, Lee, et al. 2017, Packer, Hendricks, and Burn 2015) and patellar 
 luxation (O’Neill, Meeson, et al. 2016) in brachycephalic breeds. However, the study also reported 
reduced odds for undesirable behaviours in brachycephalic dogs. Favourable disposition towards the 
 behaviours of brachycephalic dogs may interact with the allure of their baby-like features to partly 
explain current human motivation for ownership of these breeds, despite well-reported health issues 
(Packer et al. 2019, 2020). Similar influences have been reported for appearance and b ehaviours on 
ownership decisions in cats (Plitman et al. 2019).

In summary, there is now strong evidence supporting associations between brachycephalic status 
in dog breeds and substantial health issues. However, the evidence also suggests that many of these 
predispositions may not be directly related to brachycephaly itself but to other health issues within 
popular examples of brachycephalic breeds. There is also evidence that some disorders such as 
undesirable behaviours are protected (i.e. reduced) in brachycephalic animals. That said, it is worth 
challenging the ecological validity of this conclusion about brachycephalic dogs overall; can we 
safely generalise this conclusion on brachycephalic animals overall as implying that each individual 
brachycephalic breed must therefore also have poorer health? To answer this question, we would 
need to apply the robust epidemiological methods described used above to a series of breed-specific 
studies. This approach has already started within VetCompass with the recent publication of a holis-
tic predispositions and protections study on Staffordshire Bull Terriers (Pegram et al. 2020), and a 
series of studies on brachycephalic breeds are planned to follow over the coming years.

There is substantial published evidence that some key disorders are often considered as typical 
predispositions in brachycephalic dog breeds. Many of these studies will be cited and discussed in 
the relevant chapters of this book, but a summary of these disorders is shown in Table 7.4 along with 
some supporting evidence.

DISORDER PREVALENCE

The welfare relevance of disorders to breed health can be estimated from combined effects of 
their prevalence (how common they are), duration (how long animals are affected for) and severity 
(the degree of discomfort, pain or harm) (Collins et al. 2010, Summers et al. 2019). Of these three 
features, establishing good evidence on disorder prevalence in dogs has been identified as a first 
 priority (Bateson 2010). Prevalence data can be derived from studies that focus on one disorder to 
high precision, e.g. corneal ulceration (O’Neill, Lee, et al. 2017), or from broader studies of multiple 
disorders in single breed (O’Neill, Darwent, et al. 2016) or across multiple breeds (Wiles et al. 2017).

A UK Kennel Club survey in 2014 collected data on 43,005 dogs across 187 breeds and used 
these to report the proportion of dogs within individual breeds with at least one disorder (Wiles 
et al. 2017). These values offered a proxy measure of overall breed health. Review of these univari-
able results for breeds with at least 200 responses suggests a trend towards higher proportions of 
dogs with at least one disorder from within common brachycephalic breeds (Table 7.5). The age 
information provided on these breeds also highlights the French Bulldog, Pug and English Bulldog 
as substantially younger than many other breeds. Advancing age is a recognised risk factor for many 
common disorders in dogs (Anderson et al. 2020, Pegram et al. 2019, O’Neill, Corah, et al. 2018, 
O’Neill, Lee, et al. 2017). This suggests that the proportion of dogs affected in these three younger 
breeds is confounded downwards by age and that a multivariable analysis taking account of age 
might correct these proportions upwards to make the trend towards higher disorder counts in these 
youthful brachycephalic breeds even steeper.

It is also possible to report the prevalence of all common disorders in key individual brachyce-
phalic breeds. To date, the VetCompass Research Team have published breed prevalence results on 
five key brachycephalic breeds: French Bulldog (O’Neill, Baral, et al. 2018), Pug (O’Neill, Darwent, 
et al. 2016), English Bulldog (O’Neill, Skipper, et al. 2019), Chihuahua (O’Neill, Packer, et al. 2020) 
and Cavalier King Charles Spaniel (Summers et al. 2015). Table 7.6 creates a combined list of all 
disorders that were in the top ten for at least one of these breeds and shows the prevalence and rank 
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for any disorders that appeared in the 40 most common disorders overall. These data highlight 
some interesting messages. First, many of these common disorders in these breeds are not those 
that we typically associate with brachycephaly but instead are disorders that are typical of dogs 
in general (O’Neill et al. 2014a). This suggests that efforts to improve the welfare of brachyce-
phalic breeds should extend beyond focusing just on brachycephalic predispositions and should also 
 consider common disorders in dogs in general such as otitis externa, periodontal disease and anal 
sac  disorders. Second, it is clear that the ranking of disorders by prevalence varies widely across the 
five brachycephalic breeds; many disorders highly ranked for one brachycephalic breed do not even 
appear within the top 40 for another. So, although each of these breeds may share a brachycephalic 

TABLE 7.4
Disorders Commonly Considered as Predisposed in Brachycephalic Dog Breeds, Along 
with Supporting Evidence 

Disorder Some Breeds Affected Evidence

Brachycephalic obstructive Pug, English Bulldog, French bulldog (Liu et al. 2016, 2015, 2017, Fasanella 
airway syndrome (BOAS) et al. 2010)

Corneal exposure Pekingese, Griffon Bruxellois, Pugs (Ali and Mostafa 2019, Pe’er, Oron, and 
Ofri 2020)

Corneal ulceration Pug, Boxer, Pekingese, Shih-Tzu, English (O’Neill, Lee, et al. 2017, Maini et al. 
Bulldog, Cavalier King Charles Spaniel, 2019, OFA 2020)
Lhasa Apso, French Bulldog, Chihuahua

Demodicosis Pug, English Bulldog, French Bulldog, (O’Neill, Turgoose, et al. 2020)
Dogue de Bordeaux, Boxer

Dystocia English Bulldog, French Bulldog, Boston (Bergstrom et al. 2006, Adams et al. 
Terrier, Pug, Chihuahua 2010, O’Neill, O’Sullivan, et al. 2019, 

2017, Dobak et al. 2018)

Elbow dysplasia Pug, English Bulldog, French bulldog, (OFA 2020, BVA 2020a, Sanchez 
Chihuahua Villamil et al. 2020)

Entropion and ectropion Neopolitan Mastiff, English Bulldog, (OFA 2020, Christmas 1992, Maini et al. 
Shih-Tzu 2019, Krecny et al. 2015)

Exaggerated neck Pug, English Bulldog, French bulldog (Packer et al. 2015, Liu et al. 2017)
thickness

Hemivertebrae/kyphosis/ Pug, English Bulldog, French bulldog (Ryan et al. 2017, Ryan et al. 2019, 
scoliosis Bertram, ter Haar, and De Decker 2019, 

Wyatt et al. 2019)

Hip dysplasia Dogue de Bordeaux, American bulldog, (BVA 2020b)
Pug, English Bulldog, French bulldog

Inverted or screw tails Pug, English Bulldog, French bulldog, (Vasiadou and Papazoglou 2016)
Boston Terrier

Obesity Pug, Shih Tzu (O’Neill, Darwent, et al. 2016, Raffan 
et al. 2016, Courcier et al. 2010)

Patellar luxation Chihuahua, American Bulldog, French (O’Neill, Meeson, et al. 2016, Nilsson, 
Bulldog, Pug, Lhasa Apso, Cavalier Zanders, and Malm 2018, Boge et al. 
King Charles Spaniel 2019, OFA 2020)

Prolapse of the gland of English Bulldog, French Bulldog (Multari et al. 2015, Mazzucchelli et al. 
the nictitating membrane 2012)

Skin fold dermatitis Pug, English Bulldog, French bulldog, (Packer et al. 2019, Scott et al. 2001, 
Pekingese. Paterson 2017)

Stenotic nares Pug, English Bulldog, French bulldog (Wykes 1991, Hostnik et al. 2017, Liu 
et al. 2016, Fernández-Parra et al. 2019)
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conformation, disorder profiles show differing and unique signatures for each breed. The message 
here is that efforts to improve the health of brachycephalic dogs should be focused at the breed level 
(at the very least, and may need to be focused even more granularly than this) rather than on all 
brachycephalic dogs as a group. This is the approach currently taken by The Kennel Club’s ‘Breed 
Health and Conservation Plan’ programme (The Kennel Club 2020a). Third, some disorders that 
are well-recognised as brachycephalic predispositions are both highly ranked and show worrying 
high prevalence values in some of these breeds. These disorders should be considered therefore as 
important candidates for breed-based health reforms. Examples from Table 7.6 include skin fold 
dermatitis in the English Bulldog, French Bulldog and Pug, prolapsed nictitating membrane in the 
English Bulldog and French Bulldog, and patellar luxation in the Chihuahua.

BRACHYCEPHALIC DEMOGRAPHY AND POPULARITY

It may seem amazing but despite extensive efforts expended on researching (Royal Veterinary 
College 2020, University of Cambridge 2020) and reforming (The Kennel Club 2020a) brachyce-
phalic health in companion animals, there is still no universally agreed categorisation system of 
dogs breeds by skull shape. A recent VetCompass study aimed to redress this deficit by publishing 
a categorisation system that classifies UK dog breeds by skull shape: brachycephalic, mesocephalic, 
dolichocephalic and crossbreds (O’Neill et al. 2020). Based on this VetCompass system, the study 
reported that the general UK dog population comprised of 18.74% brachycephalic, 46.48% mesoce-
phalic, 7.84% dolichocephalic and 26.94% crossbred types. With almost one-fifth of the overall UK 
dog population as brachycephalic, it is clear that welfare issues associated with this conformation 
will have a major welfare impact on dogs as a whole.

The VetCompass study identified that the brachycephalic group spanned 34 individual breeds 
(O’Neill et al. 2020). However, a relatively small subgroup of eight breeds accounted for over 90% 
of these dogs: Chihuahua (22.91%), Shih-Tzu (19.07%), Cavalier King Charles Spaniel (10.43%), 
Pug (9.91%), French Bulldog (9.55%), Lhasa Apso (7.46%), Boxer (5.88%) and English Bulldog 
(5.01%). This nugget of epidemiological information alone suggests that overall welfare impacts 

TABLE 7.5
The Number, Proportion and Median Age of Dogs from Common Brachycephalic and 
Some Other Breeds with at Least One Disorder Reported in a UK Survey on Dogs 
Registered with The Kennel Club (Wiles et al. 2017)

Skull-Shape No. No. Dogs with at % dogs Median 
Breed Category Dogs Least One Disorder Affected Age (years)

Boxer Brachycephalic 724 391 54.01 4.85

Cavalier King Charles Spaniel Brachycephalic 1244 607 48.79 5.25

English Bulldog Brachycephalic 370 178 48.11 2.73

Shih-Tzu Brachycephalic 351 139 39.60 3.92

Pug Brachycephalic 555 216 38.92 2.67

French Bulldog Brachycephalic 330 122 36.97 1.81

Lhasa Apso Brachycephalic 470 121 25.74 3.57

German Shepherd Dog Dolichocephalic 1410 540 38.30 4.47

Dachshund (miniature smooth-haired) Dolichocephalic 296 98 33.11 3.42

Whippet Dolichocephalic 707 147 20.79 4.29

Staffordshire Bull Terrier Mesocephalic 797 295 37.01 4.76

Labrador Retriever Mesocephalic 6938 2388 34.42 4.73

Cocker Spaniel Mesocephalic 3723 977 26.24 3.99
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from brachycephaly are driven by the unique health issues of a small subset of popular breeds and 
therefore highlights the value of focusing health reform efforts on key breeds (The Kennel Club 
2020a).

This paper also highlighted some other key differences between brachycephalic and non- 
brachycephalic dogs with important messages for how we interpret epidemiological studies (O’Neill 
et al. 2020). Brachycephalic dogs were substantially younger on average than mesocephalic and 
dolichocephalic types (3.31 vs. 5.33 and 5.07 years, respectively, P < 0.001). Brachycephalic dogs 
were also substantially lighter on average than mesocephalic and dolichocephalic types (8.75 vs. 
16.98 and 25.80 kg, respectively, P < 0.001). Given that age and bodyweight are commonly reported 
risk factors across a range of common disorders, the paper explored the impact of confounding by 
comparing results between univariable and multivariable analyses for 30 common disorders. The 
inference from univariable and multivariable analyses on disorder predisposition differed between 

TABLE 7.6
Prevalence of Disorders Featuring among the 40 Most Common Disorders for English 
Bulldog (O’Neill, Skipper, et al. 2019), Cavalier King Charles Spaniel (*CKCS) (Summers 
et al. 2015), Chihuahua (O’Neill, Packer, et al. 2020), French Bulldog (O’Neill, Baral et al. 
2018) and Pug (O’Neill, Darwent et al. 2016)

English French 
Bulldog CKCS* Chihuahua Bulldog Pug

Disorder Rank % Rank % Rank % Rank % Rank %

Otitis externa 1 12.7 4 9.2 14 1.3 1 14.0 3 7.5

Pyoderma 2 8.8 26 2.1 30 0.5 8 2.7 24 1.7

Obesity 3 8.7 2 5.9 1 13.2

Skin fold dermatitis 4 7.8 5 3.0 12 3.2

Overgrown nail(s) 5 7.3 7 3.3 4 3.1 7 5.6

Prolapsed nictitating membrane 6 6.8 9 2.6

Cryptorchidism 7 5.6 10 1.9 40 1.1 28 1.3

Conjunctivitis 8 5.4 5 7.5 20 0.8 3 3.2 21 1.9

Pododermatitis 9 5.4 10 2.5

Alopecia 10 5.3 25 0.6 25 1.8 20 2.0

Diarrhoea 11 4.9 2 11.0 13 1.3 2 7.5 10 3.8

Vomiting 15 3.6 17 1.1 15 2.2 9 5.0

Brachycephalic airway 16 3.5 11 2.4 8 5.2
obstruction syndrome (BOAS)

Aggression 24 2.4 5 4.2 13 2.3

Periodontal disease 26 2.1 9 5.6 1 13.5 33 1.3 6 6.1

Upper respiratory tract infection 29 1.5 23 0.6 7 2.7

Heart murmur 31 1.4 1 30.9 9 2.0 14 2.2

Dental disease 3 9.5 24 0.6

Anal sac infection 6 7.4 11 1.8

Heart disease 7 7.3

Corneal disorder 8 6.5 38 1.1 2 8.7

Mitral valve disorder 10 5.0

Flea infestation 12 3.7 8 2.9 33 1.2

Anal sac impaction 13 3.6 4 4.9 6 2.9 5 6.5

Patellar luxation 17 3.3 6 4.0 18 2.1 34 1.2

Retained deciduous tooth 3 5.7 13 3.1

Ear disorder 4 7.4
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brachycephalic and non-brachycephalic types for 11/30 (30.67%) disorders. These findings strongly 
reinforce the warning discussed above that older studies using only univariable analyses should be 
interpreted with caution due to high risks of confounding.

In line with our innate human tendency to always ‘improve’, humans soon began to adapt dogs 
after domestication for specific functions such as guarding, herding or pulling (Arman 2007). This 
resulted in varying conformations being selected across the ‘types’ of dogs that met these func-
tions. With the advent of dog showing as a popular pastime in Victorian Britain, these ‘types’ were 
standardised to create uniformity within the types and diversity between the types. Breed standards 
were published to reduce acrimony over perceived injustices at dog shows and the concept of the 
modern dog breed was invented (Worboys, Strange, and Pemberton 2018). 

Especially over the past century, dogs have moved from earlier working roles to fulfil compan-
ion or ‘pet’ roles instead. Consequently, aesthetic and social appeal now generally trumps working 
ability for owners deciding on which breed to own (Ghirlanda, Acerbi, and Herzog 2014, Ghirlanda 
et al. 2013). Given the subjectivity of aesthetic and social appeals, it is hardly surprising that breed 
popularity is therefore subject to large and often apparently whimsical fluctuations. In the UK, The 
Kennel Club have kept detailed records of breed registrations for over a century and, very gener-
ously, publish these data openly (The Kennel Club 2020b). A review of all registrations from 1908 
to 2018 confirms that relative popularity of breeds has always varied widely across all breed; this 
phenomenon is not restricted to brachycephalic breeds.

Figure 7.1 highlights huge popularity of the Pekingese a century ago followed by a progres-
sive decline to low current levels. The English Bulldog was similarly popular a century ago before 

FIGURE 7.1 Proportional annual registrations with the UK Kennel Club (2008–2018) for common brachyce-
phalic dog breeds as well as some common mesocephalic and dolichocephalic breeds (The Kennel Club 2020b).
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also falling out of favour, but has shown a resurgence in popularity since the turn of the new cen-
tury. Conversely, French Bulldogs were rare registrations until 15 years ago, but have since risen 
 phenomenally to become one of the two most commonly registered breeds. Pug popularity has 
waxed and waned to lesser degrees over the past century before also rising substantially over the 
past two decades. However, similarly dramatic changing popularity has also affected many non- 
brachycephalic breeds. The German Shepherd Dog shows five peaks over the past century but has 
been in steep decline for the past 20 years. And even the Labrador Retriever that has been hugely 
popular in the UK for the past 30 years is now showing evidence of declining favour with UK ow ners. 
The conclusion here is that breeds have always come and gone in popularity. Even the current remark-
able rising popularity of certain brachycephalic breeds is not unprecedented and is unlikely to be 
permanent; ownership preferences, and humans in general, have always been fickle.

About a third of UK dogs are estimated to be registered with The Kennel Club (The Kennel 
Club 2020b). For a more holistic view of UK dog ownership, data on the wider UK dog population 
are needed. The VetCompass Programme collects anonymised clinical record information on over 
eight million dogs from first-opinion veterinary practices in the UK (VetCompass 2020). Given that 
the majority of UK dogs are registered for veterinary care, VetCompass therefore offers a useful 
resource on general dog ownership in the UK. Evidence from published VetCompass studies on the 
Chihuahua, Pug, English Bulldog and French Bulldog shows similar patterns of recent rising popu-
larity to The Kennel Club data, with the French Bulldog showing the steepest incline (Figure 7.2) 
(O’Neill, Darwent, et al. 2016, O’Neill, Baral, et al. 2018, O’Neill, Skipper, et al. 2019, O’Neill, 
Packer, et al. 2020). Rising popularity for many of these common brachycephalic breeds can at least 
partially explain the younger average age for brachycephalic dogs described above. High demand 

FIGURE 7.2 Proportional annual births within the VetCompass dog population for the Chihuahua (O’Neill, 
Packer et al. 2020), English Bulldog (O’Neill, Skipper et al. 2019), French Bulldog (O’Neill, Baral et al. 2018) 
and Pug (O’Neill, Darwent et al. 2016).
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means that puppies of these breeds are entering the brachycephalic population at a higher rate than 
the older dogs are dying and therefore dragging the median population age downwards. We will 
revisit some impacts from this effect again in the longevity section. But for now, it is important to 
highlight that there is general agreement across stakeholders that sudden and dramatic increases 
in popularity often lead to adverse overall health and welfare outcomes for the breeds concerned 
and therefore efforts should be made to smooth out changes in population structures to dog breeds 
(BWG 2020). The UK Brachycephalic Working Group considers welfare issues associated with 
sudden population growth to include breed-related health issues, health deterioration as median 
ages of populations rise, improper sourcing of puppies (puppy farms and importation), unsuitable 
ownership profiles and rehoming/abandonment, and decreased genetic diversity. For these reasons, 
deeper understanding of breed population dynamics is more than just an academic exercise; it is a 
core criterion to help understand breed welfare at a population level.

LONGEVITY AND MORTALITY

Reliable and representative longevity (lifespan) and mortality (causes of death) statistics can provide 
useful insights into health and welfare variation of, and between, breeds and types of companion 
animals. However, safe interpretation of published statistics requires full consideration of potential 
biases that may be intrinsic to the data sources and methods used in these studies. The funda-
mental concept behind longevity studies is that average longevities for populations of dogs (e.g. a 
breed) are likely to be highly consistent despite the high uncertainty that exists on the projected 
 lifespan of any individual dog. On this basis, longevity comparisons between breeds or types of 
dogs should offer a useful proxy measure of overall health and well-being, assuming that longer life 
is evidence of  better health and welfare. Similarly, comparing mortality statistics (i.e. comparing 
the most  common causes of death between breeds) should offer some special insights into the key 
life-limiting disorders of these breeds.

But could it really be as easy as this? In reality, safe comparison and interpretation of longevity 
and mortality is a highly challenging science and holds many caveats that are often ignored or not 
even recognised (Day and Reynolds 2018). Understanding the data source is critical when reviewing 
longevity and mortality statistics. The perfect study would hold full data on all animals of that type 
from the wider population over time from the moment of their births. However, this perfect data 
resource does not exist, and each current data resource holds its own unique selection biases. First-
opinion veterinary clinical data exclude animals that are not under general veterinary care, while 
referral veterinary data are even more heavily biased towards the subset of first-opinion animals 
that are sick enough to warrant specialist veterinary care (O’Neill et al. 2014b). Data sourced from 
kennel club records are limited to pedigreed and registered individuals from recognised pure breeds 
(Lewis et al. 2018). Insurance databases are restricted to animals that are insured; insurance death 
claims are often capped at certain age limits and are restricted to certain policy types (Egenvall 
et al. 2009). However, if we bear these limitations in mind and compare results within data sources 
rather than trying to compare across sources, some useful comparative conclusions could still be 
reached, with the caveat that some other insidious biases still exist.

The perfect longevity study would apply a prospective cohort study design with many thousands 
of animals all followed from birth to death (Dohoo, Martin, and Stryhn 2009). There are many 
longstanding examples of cohort studies for humans that have cost millions of pounds (UKRI – 
UK Research and Innovation 2020). However, there are fewer examples of such cohort designs in 
companion animals (GenPup 2020, Dogslife 2020, Morris Animal Foundation 2020), and longevity 
results from these have been limited by relatively few deaths in the cohorts so far, as well as selection 
biases introduced from the high levels of drop-outs from the studies (Murray, Kinsman, et al. 2021, 
Pugh, Bronsvoort, et al. 2015, Ruple, Jones, et al. 2020). Consequently, currently published longevity 
studies for companion animals have mainly relied on retrospective cohort or cross-sectional study 
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designs that are subject to biases including right censored data and changing popularity effects. 
Right censoring refers to cohort studies that do not follow all animals to death; data analysis before 
this point excludes these later deaths that would tend to have been older on average, and therefore, 
the longevity and mortality results will be biased towards a younger subset at death (Urfer 2011).

Changing popularity over time is another serious challenge to safe inference from current 
longevity studies. Extrapolation of results from the population under study (e.g. French Bulldogs 
in the UK) to the breed itself (e.g. French Bulldogs in general) assumes a steady state of breed 
popularity (i.e. neither rising nor falling) but, as Figures 7.1 and 7.2 show, this assumption is 
rarely true. If a breed comprises a constant relative proportion of all puppies born annually over 
a prolonged period (i.e. steady state), then the average ages at death for that breed across a short 
period could offer a reliable indicator of average breed longevity over a longer period of time. 
However, rising and falling breed popularity results in differing relative proportions of puppies 
entering the overall population each year and therefore differing age patterns of dogs available 
to die each year. For example, Figure 7.2 shows the popularity of French Bulldogs in the UK 
has increased sharply in recent years, rising from under 0.1% of all puppies born before 2005 to 
comprise over 1.0% of all puppies born after 2012 (O’Neill, Baral, et al. 2018). Given that the 
majority of French Bulldogs in 2013 are therefore likely to be young, it follows that younger dogs 
have increased opportunity to contribute death events during this period and therefore longevity 
results will be biased downwards. A converse effect applies for breeds with declining popularity 
such as German Shepherd Dogs (O’Neill, Coulson, et al. 2017) or West Highland White Terriers 
(O’Neill, Ballantyne, et al. 2019). The conclusion here is that the shrewd reader should interpret 
the longevity and mortality information provided in this chapter as describing the specific popu-
lation (including its location and time period) under study but should avoid the temptation to rush 
into generalising these findings to all animals of that type.

Longevity results on some common brachycephalic dog breeds from four published studies are 
summarised in Table 7.7. Notwithstanding the caveats discussed above about over-interpreting these 
data, these results reinforce the recurring theme from this chapter that brachycephalic issues are 
better explored at a breed level than at an overall brachycephalic level. Longevity varies widely 
across brachycephalic breeds; breeds including the English Bulldog and the Dogue de Bordeaux 
show consistently short longevity, while other breeds including the Lhasa Apso and Shih Tzu show 
consistently longer lives. Common mesocephalic and dolichocephalic breeds appear to have a more 
consistent and longer lifespan.

A fuller exploration of mortality to report and compare the specific causes of death in brachy-
cephalic breeds is outside the scope of this chapter. However, the curious reader can find useful 
information on mortality in dogs from the references at the end of this chapter (O’Neill et al. 2013, 
Fleming, Creevy, and Promislow 2011, Proschowsky, Rugbjerg, and Ersbøll 2003, Adams et al. 
2010, Bonnett et al. 2005, O’Neill, Church, et al. 2015, Lewis et al. 2018, O' Neill, Darwent, et al. 
2016, O’Neill, Baral, et al. 2018, O’Neill, Skipper, et al. 2019, Egenvall, Bonnett, Olson, et al. 2000, 
Egenvall, Bonnett, Shoukri, et al. 2000, Egenvall et al. 2005).

A final thought to consider; at the start of this section, I stated that longevity could offer a 
useful proxy metric to evaluate breed welfare and health assuming that longer life is evidence 
of better health and welfare. However, given that 86.4% of deaths in dogs involve euthanasia, 
there is merit in challenging the view that longevity and welfare are necessarily linearly related 
(O’Neill et al. 2013). Long life de facto may not equate to high animal welfare (Yeates 2010); we 
should consider the quality of the life lived as well as the quantity. In human medicine, attention 
is now moving to the concept of healthspan (healthy longevity) which describes the proportion 
of overall lifespan with a good quality of life (Waters 2011). Work is underway in companion 
animals to evaluate quality of life; this information could augment longevity information and help 
us to understand breed health more holistically (Mellor et al. 2020, Summers et al. 2019, Teng 
2018, Teng et al. 2018).
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CONCLUSIONS

Epidemiology is the most powerful method yet devised to understand health issues of companion 
animals at a population level. However, great power brings great responsibility to execute and 
interpret these studies correctly. This chapter introduced the reader to some core epidemiological 
principles and caveats to start your epidemiological journey into understanding brachycephalic 
health. The chapter has, for the first time, merged and summarised relevant findings from many 
studies on prevalence, predisposition, demography and longevity in brachycephalic dogs. These 
results suggest that welfare reforms should be focused at the breed level. A recurring theme in this 
chapter is the complexity of issues behind the current brachycephalic crisis. Predisposed disorders 
in brachycephalic breeds are considered by the author as endemic. The impact from these health 
problems interacts with a demographic background of spectacularly changing popularity for some 
key brachycephalic dog breeds driven by human social effects. This tripartic interaction of health 
issues, breed population growth and social mores has created a ‘perfect storm’ leading to the cur-
rent brachycephalic crisis. Resolving this crisis will require concerted efforts to combat the injuri-
ous effects from each of these three phenomena.

I hope that you have enjoyed this foray into the epidemiology of brachycephalic companion ani-
mals and are now fortified with a sufficiently robust epidemiological armoury to tackle these issues 
at a population level.
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