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Disorder predispositions 
and protections of Labrador 
Retrievers in the UK
Camilla Pegram1*, Charlotte Woolley2, Dave C. Brodbelt1, David B. Church3 & Dan G. O’Neill1

The Labrador Retriever is one of the most popular dog breeds worldwide, therefore it is important to 
have reliable evidence on the general health issues of the breed. Using anonymised veterinary clinical 
data from the VetCompass Programme, this study aimed to explore the relative risk to common 
disorders in the Labrador Retriever. The clinical records of a random sample of dogs were reviewed 
to extract the most definitive diagnoses for all disorders recorded during 2016. A list of disorders was 
generated, including the 30 most common disorders in Labrador Retrievers and the 30 most common 
disorders in non-Labrador Retrievers. Multivariable logistic regression was used to report the odds 
of each of these disorders in 1462 (6.6%) Labrador Retrievers compared with 20,786 (93.4%) non-
Labrador Retrievers. At a specific-level of diagnostic precision, after accounting for confounding, 
Labrador Retrievers had significantly increased odds of 12/35 (34.3%) disorders compared to non-
Labrador Retrievers; osteoarthritis (OR 2.83) had the highest odds. Conversely, Labrador Retrievers 
had reduced odds of 7/35 (20.0%) disorders; patellar luxation (OR 0.18) had the lowest odds. This 
study provides useful information about breed-specific disorder predispositions and protections, 
which future research could evaluate further to produce definitive guidance for Labrador Retriever 
breeders and owners.

Abbreviations
CI	� Confidence interval
EPR	� Electronic patient record
IQR	� Interquartile range
KC	� The Kennel Club
OR	� Odds ratio
UCD VGL	� University of California Davis Veterinary Genetics Laboratory

Dogs have been domesticated for over 10,000 years, although the exact timeline and location of domestication 
is still debated1–4. During domestication, selective breeding has progressively exaggerated various characteris-
tics and phenotypes of specific subsets of dogs to enhance their usefulness and desirability to humans and has 
ultimately led to the development of distinct breeds within the canine species5. There are now over 350 recog-
nised dog breeds worldwide, which generally show reducing genetic diversity within each breed over time6. The 
narrowing of gene pools through inbreeding has led to concerns about increasing susceptibility to inherited 
conditions and therefore reducing health overall in purebred dogs. However, the availability of reliable evidence 
on disorder predispositions and protections within many breeds is limited7–9.

The Labrador Retriever is one of the most popular dog breeds worldwide and is lauded for its gentle and 
social nature, trainability and low aggression10,11. It has been the most commonly registered Kennel Club (KC) 
breed in the UK for some decades; although briefly overtaken in 2018 by the French Bulldog, it soon regained 
first place in 201912. The breed originated from Newfoundland, Canada, where they were selected by fishermen 
to retrieve nets and pull carts. Following introduction into the UK in the mid-eighteenth century, the breed 
gained popularity for use as gundogs and was first recognised by the KC in 190313.

Labrador Retrievers have been regarded historically as a relatively healthy breed14. Among the KC-regis-
tered subset of dogs in the UK, the median longevity of Labrador Retrievers was reported to be 12.3 years, 
approximately 1 year longer than the median across all KC-recognised breeds of 11.3 years15 However, in recent 
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years, reports on a growing number of inherited diseases have challenged this “healthy” image of the breed16–26. 
Researchers at University of California Davis Veterinary Genetics Laboratory (UCD VGL) report that, while 
genetic diversity in Labrador Retrievers in the US is reasonable in comparison to other breeds, some bloodlines 
are more inbred than others, and they used this background to explain why Labrador Retrievers are predisposed 
to several disorders14.

Using anonymised clinical data from primary-care veterinary practices in 2013, the most commonly reported 
disorders of Labrador Retrievers in the UK were otitis externa, obesity and osteoarthritis27. Compared to pre-
vious reports that were based on the same data resource, that study suggested that Labrador Retrievers had 
increased prevalence of otitis externa, lipoma, gastroenteritis and skin laceration at a precise-level of diagnosis 
and enteropathic, aural, neoplastic and urinary disorders, traumatic injury and obesity at a grouped-level of 
diagnosis in comparison to Border Collies, Yorkshire Terriers, German Shepherd Dogs, Cocker Spaniels, Jack 
Russell Terriers, Staffordshire Bull Terriers and crossbreeds28. Other studies have reported high prevalence of 
obesity17,29,30, osteoarthritis31 and lipoma27,32,33 and high incidence of gastrointestinal signs34 in Labrador Retriev-
ers. However, prevalence comparisons often fail to compare results against other breeds within the same study or 
to account for major confounding effects such as age, and therefore offer weak evidence of true relative disorder 
risk (predisposition or protection)8.

Disorder predisposition or protection within breeds can be inferred when there is a respective increased or 
decreased risk of a condition in a particular breed in comparison with some other relevant comparator group 
of dogs8. Predispositions to 67 disorders are reported for Labrador Retrievers8 and the breed also was found 
to be at a greater risk of diseases of the extremities relative to mixed breed dogs35. A large survey of owners of 
pedigree dogs reported that Labrador Retrievers had a significantly higher prevalence of arthritis, osteoarthritis, 
elbow and hip dysplasia, lipoma, osteochondritis dissecans and skin cancer than 40 other KC-registered breeds36. 
However, this study also reported that Labrador Retrievers had significantly lower prevalence (i.e. suggestion of 
protection) of 18 disorders, including anal gland blockages, blocked tear ducts, colitis, corneal ulcers and cryp-
torchidism. Other studies have reported decreased risk in Labrador Retrievers for benign prostatic hyperplasia37, 
heart murmurs and degenerative mitral valve disease38 and fatal acute pancreatitis39. However, to date, studies 
have not reported predispositions and protections in Labrador Retrievers using one dataset, which would avoid 
compounding biases.

There is some evidence that targeted breeding strategies over recent decades have been associated with 
increased longevity40 and decreased prevalence of hip and elbow dysplasia41,42 in Labrador Retrievers. However, 
a deeper understanding of predispositions and protections among common disorders in Labrador Retrievers 
offers the potential to teach us as much about how to breed healthier dogs by breeding towards low disorder risk 
rather than just trying to breed away from high disorder risk as is the current preference in many dog breeding 
strategies9,43. Using anonymised veterinary clinical data on dogs under primary veterinary care in the UK dur-
ing 2016 from the VetCompass Programme44, this study aimed to compare the odds of diagnosis in Labrador 
Retrievers compared to non-Labrador Retrievers for each disorder in a combined list of the most common 
disorders in Labrador Retrievers and non-Labrador Retrievers, after accounting for major confounding demo-
graphic variables. Demographic data, such as breed, sex and neuter status, is routinely collected in primary-care 
databases, and therefore large quantities of data can be collected and used to robustly address the demographic 
risk factors for disorders. However, retrospective primary-care data are less optimal for gathering information 
on more nuanced risk factors, such as dog behaviour and owner lifestyle, including diet and exercise, and these 
were therefore not addressed in this study45. This new evidence on predispositions and protections could sup-
port future research and contribute to better health guidance for Labrador Retriever breeders and owners. In 
addition, the findings could assist current Labrador Retriever owners to recognise common problems in their 
dogs, which may lead to earlier veterinary visits, quicker diagnosis and thus better prognosis.

Results
Demography.  The study included a random sample of 22,333 dogs under veterinary care during 2016 in the 
UK from a population of 905,544. Breed information was missing for 85 (0.4%) dogs, which were excluded from 
further analysis, leaving 22,248 dogs (99.6%) in the analysis. There were 1462 (6.6%) Labrador Retrievers, which 
was the most common purebred breed. The most common breeds amongst non-Labrador Retrievers (20,786; 
93.4%) included 1304 (5.9% of the 22,248 dogs) Staffordshire Bull Terriers, 1168 (5.2%) Jack Russell Terriers, 
793 (3.6%) Shih-tzus, 771 (3.5%) Cocker Spaniels, along with 5981 (26.9%) crossbreeds. Data completeness for 
these 22,248 dogs were: breed 100.0%, age 98.9%, sex-neuter status 99.7%, insurance status 100.0% and adult 
bodyweight 66.9%.

Descriptive results were reported on 1462 Labrador Retrievers and 20,786 non-Labrador Retrievers (Table 1). 
The median age of Labrador Retrievers (5.23 years, IQR 2.13–8.97, range 0.17–17.7) was older than for non-
Labrador Retrievers (4.35 years, IQR 2.13–5.23, range 0.01–20.46) (p < 0.001). The median adult bodyweight of 
Labrador Retrievers (32.00 kg, IQR 28.50–36.17, range 19.60–46.75) was heavier than for non-Labrador Retriev-
ers (12.46 kg, IQR 7.88–22.60, range 1.41–85.00) (p < 0.001).

Total disorder count in Labrador Retrievers compared with non‑Labrador Retrievers.  Of 
the Labrador Retrievers, 996/1462 (68.1%) were recorded with ≥ 1 disorder during 2016 compared with 
13,667/20,786 (65.8%) of the non-Labrador Retrievers. After using multivariable methods to account for effects 
of age, sex-neuter status, at/above or below breed/sex mean bodyweight, insurance status and vet group, the odds 
of diagnosis with ≥ 1 disorder did not differ between Labrador Retrievers compared with non-Labrador Retriev-
ers (odds ratio [OR] 1.00; 95% confidence interval [CI] 0.89–1.13; p = 0.967).



3

Vol.:(0123456789)

Scientific Reports |        (2021) 11:13988  | https://doi.org/10.1038/s41598-021-93379-2

www.nature.com/scientificreports/

Specific‑level predispositions and protections.  The 30 most common specific-level disorders in Lab-
rador Retrievers and the 30 most common specific-level disorders in non-Labrador Retrievers resulted in a 
combined list of 35 specific-level disorders. The majority of these disorders overlapped, other than kennel cough, 
moist dermatitis, laceration, stiffness, coughing and papilloma which were exclusive to the 30 most common 
specific-level disorders in Labrador Retrievers. Conversely, heart murmur, flea infestation, atopic dermatitis, 
skin cyst, patellar luxation and retained deciduous tooth were exclusive to the 30 most common specific-level 
disorders in non-Labrador Retrievers.

After accounting for confounding using multivariable methods, Labrador Retrievers had significantly 
increased odds of 12/35 (34.3%) disorders compared to non-Labrador Retrievers. Disorders in Labrador Retriev-
ers with the highest odds (i.e. predisposition) were: osteoarthritis (OR 2.83; 95% CI 2.21–3.62; p < 0.001), lipoma 
(OR 2.45; 95% CI 1.79–3.34; p < 0.001), kennel cough (OR 2.27; 95% CI 1.54–3.36; p < 0.001), laceration (OR 2.16; 
95% CI 1.36–3.45; p = 0.001) and stiffness (OR 2.08; 95% CI 1.30–3.35; p = 0.002). Conversely, Labrador Retrievers 
had reduced odds (i.e. protection) for 7/35 (20.0%) specific-level disorders compared to non-Labrador Retriev-
ers. The specific-level disorders with greatest protection were: patellar luxation (OR 0.18; 95% CI 0.06–0.55; 
p = 0.003), heart murmur (OR 0.20; 95% CI 0.10–0.40 (p < 0.001), flea infestation (OR 0.22; 95% CI 0.11–0.47; 
p < 0.001), retained deciduous tooth (OR 0.28; 95% CI 0.10–0.75; p = 0.011) and periodontal disease (OR 0.43; 
95% CI 0.35–0.54; p < 0.001) (Fig. 1).

Grouped‑level predispositions and protections.  The 30 most common grouped-level disorders in 
Labrador Retrievers and the 30 most common grouped-level disorders in non-Labrador Retrievers resulted in 
a combined list of 32 grouped-level disorders. The majority of these disorders overlapped, other than collapsed 
and oral cavity disorder which were exclusive to the 30 most common grouped-level disorders in Labrador 
Retrievers. Conversely, hernia and disorder not diagnosed were exclusive to the 30 most common grouped-level 
disorders in non-Labrador Retrievers.

After accounting for confounding using multivariable methods, Labrador Retrievers had significantly 
increased odds of 8/32 (25%) disorders compared to non-Labrador Retrievers. The highest disorder predisposi-
tions were: oral cavity disorder (excluding dental) (OR 2.06; 95% CI 1.12–3.82; p = 0.021), neoplasia (OR 1.89; 
95% CI 1.55–2.29; p < 0.001), musculoskeletal disorder (OR 1.74; 95% CI 1.49–2.04; p < 0.001), ear disorder (OR 
1.55; 95% CI 1.31–1.83; p < 0.001) and complication associated with clinical care (OR 1.42; 95% CI 1.00–2.00; 
p = 0.047). Conversely, Labrador Retrievers had reduced odds of 8/32 (25%) grouped-level disorders compared 
to non-Labrador Retrievers. The grouped disorders with greatest protections were: hernia (OR 0.31; 95% CI 
0.13–0.75; p = 0.010), heart disease (OR 0.36; 95% CI 0.22–0.57; p < 0.001), dental disorder (OR 0.45; 95% CI 
0.37–0.55; p < 0.001), parasite infestation (OR 0.51; 95% CI 0.35–0.74; p < 0.001) and ophthalmological disorder 
(OR 0.56; 95% CI 0.43–0.72; p < 0.001) (Fig. 2). The Hosmer–Lemeshow test indicated no evidence of poor model 
fit (p > 0.05) in all multivariable models.

Table 1.   Descriptive statistics for demographic characteristics in Labrador Retrievers (n = 1462) and non-
Labrador Retrievers (n = 20,786) under primary veterinary care in the UK. The p value represents comparison 
of demographic variables between Labrador Retrievers and non-Labrador Retrievers. Missing data were not 
included unless it accounted for a significant proportion of the variable (> 10%).

Variable Category Labrador Retriever count (%) Non-Labrador Retriever count (%) p value

Age (years)

≤ 3 489 (33.7) 7636 (37.1)

 < 0.001

3 to < 6 325 (22.4) 5218 (25.4)

6 to < 9 275 (19.0) 3731 (18.2)

9 to < 12 206 (14.2) 2393 (11.6)

≥ 12 155 (10.7) 1586 (7.7)

Sex-neuter status

Male entire 455 (31.2) 6003 (29.0)

0.005
Male neutered 374 (25.7) 4854 (23.4)

Female entire 321 (22.0) 5328 (25.7)

Female neutered 308 (21.1) 4538 (21.9)

breed/sex mean bodyweight
At/above or below

At or above 491 (33.6) 6337 (30.5)

0.005Below 539 (36.9) 7507 (36.1)

Not recorded 432 (29.5) 6942 (33.4)

Insurance status
Insured 258 (17.6) 2718 (13.1)

0.001
Not insured 1204 (82.4) 18,068 (86.9)

Vet group

1 1 (0.1) 76 (0.4)

0.127

2 451 (30.8) 6848 (32.9)

3 74 (5.1) 929 (4.5)

4 253 (17.3) 3554 (17.1)

5 683 (46.7) 9379 (45.1)
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Discussion
This is the largest study to date that reports the comparative risk across a range of common disorders between 
Labrador Retrievers and all remaining dogs under primary veterinary care. The study characterised the demog-
raphy and health of a large cohort of 1462 Labrador Retrievers and 20,786 non-Labrador Retrievers under pri-
mary veterinary care in the UK. This current analytic study builds on a previous descriptive report of disorder 
prevalence in Labrador Retrievers under primary-veterinary care27 by using a larger, more recent and more 
comprehensive dataset that includes dogs of all breeds and types under primary veterinary care to compare dis-
order risk between Labrador Retrievers and all other dog types (including purebreds and crossbreeds). This has 
enabled reporting of relative predispositions to, and protections from, common disorders, using methods that 
have previously been restricted due to the inability to access the large data resources required for such analyses.

To date, much of the emphasis when reporting on breed health has focused on identifying disorders with 
increased risk8. However, reporting both disorder predispositions and protections offers a more balanced view of 
the overall health of the breed. The availability of large-scale data allows health comparison of individual breed 
against other groups across a range of disorders rather than just reporting risk for single disorders, which has 
been a limiting factor in many studies to date28. Disorder predispositions may have been more readily identi-
fied and reported in common breeds, due to the availability of adequate counts of these dogs in the general 
population. However, it is important that we understand about disorder protections also since it is possible that 
we may learn as much about how to breed healthier dogs by breeding towards low disorder risk as by breeding 
away from high disorder risk as is the current preference in dog breeding strategies9. In addition to information 
on predisposition and protections, we also need to consider absolute prevalence because even reduction from 
a high predisposition for a rare disorder may offer minimal overall health impact for a breed46. For example, 
the top predisposition in Labrador Retrievers at a grouped-level of diagnostic precision was oral cavity disorder 

Figure 1.   Forest plot of the prevalence and multivariable logistic regression odds ratios with corresponding 
95% CIs (confidence intervals) for the combined list from the 30 most common disorders in Labrador Retrievers 
and the 30 most common disorders in non-Labrador Retrievers at a specific-level of diagnostic precision 
recorded in dogs under primary veterinary care at UK practices participating in the VetCompass Programme 
from January 1st 2016 to December 31st, 2016. Model variables accounted for included age, sex-neuter status, 
at/above or below breed/sex mean bodyweight, insurance status and vet group. Specific-level precision describes 
the original extracted terms at the maximal diagnostic precision recorded within the clinical notes.
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(excluding dental) (OR 2.06), however this was a relatively rare disorder overall with the prevalence in Labrador 
Retrievers 0.89% compared with 0.38% in non-Labrador Retrievers.

At a specific level of diagnostic precision, Labrador Retrievers had higher odds of 12/35 (34.3%) disorders 
compared to non-Labrador Retrievers and had reduced odds of 7/35 (20.0%) disorders. At a grouped-level of 
diagnostic precision, Labrador Retrievers had higher odds of 8/32 (25.0%) disorders and had reduced odds of 
8/32 (25.0%) disorders compared to non-Labrador Retrievers. A recent study with similar methodology based 
on Staffordshire Bull Terriers (SBTs), reported SBTs with higher odds of 4/36 (11.1%) specific-level disorders 
compared to non-SBTs and reduced odds of 5/36 (13.9%) disorders. At a grouped-level of diagnostic precision, 
SBTs had higher odds of 2/32 (6.3%) disorders and had reduced odds of 5/32 (15.6%) disorders compared to 
non-SBTs43. With significantly different risks between Labrador Retrievers and non-Labrador Retrievers for 
19/35 (54.3%) specific-level disorders, these results show that the disorder profile of Labrador Retrievers is 
quite different to dogs that are not of this breed. However, with substantial counts of both predispositions (12) 
and protections (7) among these discordant disorders, and without having taken account of additional factors 
relating to each disorder such as duration and severity47, it is unclear whether the overall health of Labrador 
Retrievers can be concluded to be better or worse that non-Labrador Retrievers, but just different.

Musculoskeletal disorders.  Labrador Retrievers showed predisposition to musculoskeletal disorders 
at a grouped-level of diagnostic precision (OR 1.74), in agreement with previous reports that the Labrador 
Retriever is predisposed to several musculoskeletal conditions including hip and elbow dysplasia36,48–50, devel-
opmental orthopaedic diseases51, immune-mediated polyarthritis52, osteoarthritis36,53 and cranial cruciate liga-
ment rupture54. The prevalence of musculoskeletal disorders reported in Labrador Retrievers in the current 
study (14.91%) lies between previously reported estimates from studies with similar designs based on Labrador 
Retrievers under primary-veterinary care (12.6–16.2%)27,28 and is similar to the prevalence of ‘extremity-related’ 
diseases reported in clinical data from Labrador Retrievers in the Netherlands (15.6%)35. At a specific-level 
of diagnostic precision, Labrador Retrievers had higher odds of osteoarthritis (OR 2.83) compared to non-

Figure 2.   Forest plot of the prevalence and multivariable logistic regression odds ratios with corresponding 
95% CIs (confidence intervals) for the combined list from the 30 most common disorders in Labrador 
Retrievers and the 30 most common disorders in non-Labrador Retrievers at a grouped-level of diagnostic 
precision recorded in dogs under primary veterinary care at UK practices participating in the VetCompass 
Programme from January 1st 2016 to December 31st, 2016. Model variables accounted for included age, sex-
neuter status, at/above or below breed/sex mean bodyweight, insurance status and vet group. Grouped-level 
precision describes the original extracted terms mapped to a general level of diagnostic precision.
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Labrador Retrievers, slightly higher than a previous report using primary-veterinary care data (OR 2.47)31 and 
the highest overall predisposition identified in the current study. Labradors Retrievers also had increased odds of 
lameness (OR 1.62) and stiffness (OR 2.08), which are clinical signs commonly associated with musculoskeletal 
disorders55. However, clinical signs such as ‘lameness’ and ‘stiffness’ are not diagnostic and might be associated 
with a range of diagnoses, including osteoarthritis56. Therefore, the absolute risk of osteoarthritis in Labrador 
Retrievers may be higher than we report, which is concerning considering the reported negative impact of 
musculoskeletal disorders on canine welfare and lifespan57. The British Veterinary Association and KC’s hip 
and elbow dysplasia screening schemes have been running for over 50 years and over 20 years respectively, with 
the purpose of improving breeding programs to reduce the severity of breed predispositions to musculoskeletal 
disorders58. According to the current study, Labrador Retrievers are still at increased risk, which highlights that 
a review of the schemes and more stringent prevention methods may be appropriate and timely. However, the 
current study did not quantify any change in risk. It is estimated that approximately 30% of dogs are Kennel 
Club registered59, therefore it might be that the proportion of affected dogs differ between the Kennel Club and 
non-Kennel Club registered populations.

Despite the predisposition to overall musculoskeletal conditions reported in the current study, Labrador 
retrievers showed protection to patellar luxation at a specific-level of diagnostic precision (OR 0.18). This is in 
agreement with a previous study of KC-registered breeds which reported a significantly lower prevalence of patel-
lar laxation in Labrador Retrievers compared to other breeds36. These recent studies contrast to earlier reports 
that suggested an overrepresentation of Labrador Retrievers diagnosed with patellar luxation60–63. Lateral patellar 
luxation has been observed more often in larger breed dogs61, however these earlier studies included relatively 
small numbers of dogs and used univariable analyses which might have led to confounding of the results64. As a 
breed exhibiting protection, Labrador Retrievers could be used as a model to explore conformational and other 
factors that may assist to develop strategies to reduce the prevalence in other higher-risk breeds.

Obesity.  Labrador Retrievers showed predisposition to obesity in the current study (OR 1.62), which is simi-
lar to odds ratios previously reported (OR 1.47–1.70)29,45,65. The welfare of dogs is compromised when they are 
overweight or obese, with obesity associated with a number of disorders including osteoarthritis, type II diabetes 
mellitus, lung problems and urinary and reproductive disorders47,66. The quality of life of affected dogs has been 
reported as improved after successful weight loss67,68. Amongst others previously stated, obesity has been co-
morbidly associated with musculoskeletal disorders in dogs29. Predisposition to both musculoskeletal disorders 
and obesity in the Labrador Retriever suggests the probability of a causal link between obesity and musculoskel-
etal disorders, which gives further impetus to current moves to raise the status of obesity to be formally classified 
as a veterinary disease and to be prioritised within breeding and clinical programmes69. In consequence, it is 
important that practical preventative advice is given to owners about the susceptibility of Labrador Retrievers to 
obesity and associated musculoskeletal disorders to improve the welfare of the breed. It should be noted that evi-
dence for obesity required information recorded within the EPR indicating that the dog was obese at any point 
during 2016. Given that bodyweight was missing for 29.5% of Labrador Retrievers and 33.4% non-Labrador 
Retrievers, it is possible that some of these dogs were obese but not recorded as such in the clinical notes. It is 
difficult to ascertain how this might vary by breed, but this finding could be used to focus efforts in encouraging 
veterinary professionals to routinely record bodyweight of all dogs. The focus of the current study was to report 
disorder predispositions and protections in Labrador Retrievers. However, given the predisposition identified 
and welfare impact, obesity and its comorbid conditions is an important area for future research.

Neoplasia.  Labrador Retrievers showed predisposition to neoplasia (OR 1.89) and mass disorders (OR 1.31) 
at a grouped-level of diagnostic precision, with estimated prevalences of 9.71% and 7.66% respectively. These 
values are similar to the respective estimates reported previously by studies of Labrador Retrievers with similar 
methodologies of 7.4–14.8% for neoplasia and 4.80–8.26% for mass disorders27,28. These results are supported 
by reported predispositions in Labrador Retrievers to neoplasms including lingual squamous cell carcinoma70, 
mast cell tumours71–73, soft tissue sarcoma72 melanomas74 and various neoplasms of the thoracic limb75.

Labrador Retrievers showed predisposition to lipoma (OR 2.45) at a specific-level of diagnostic precision in 
the current study. This odds ratio is comparable to that reported in a recent study, where Labrador Retrievers 
had the 3rd highest odds of lipoma compared to crossbreeds (OR 2.19), behind the Dobermann Pinscher and 
Weimaraner33. These findings also support earlier research which identified breed predisposition to lipoma in 
Labrador Retrievers32. Whilst lipomas are often clinically unremarkable33, they ranked 4th among the top 8 
disorders based on VetCompass Welfare Impact score, with a median annual duration of over 50% in affected 
dogs47. Therefore, considering the predisposition identified, high absolute prevalence value disorder duration, 
breed health reforms to reduce the prevalence of lipomas should be considered as worthwhile priorities. Labrador 
Retrievers showed predisposition to papilloma (OR 1.74) in the current study, which has not been previously 
reported from primary-care data. Prior studies based on primary-care data have reported prevalence of skin 
masses in Labrador Retrievers as 3.2% and 2.5% respectively27,28, although it is not possible to discern what 
proportion of these were papilloma. It should be noted that the number of Labrador Retrievers with papilloma 
in the current study was relatively small (n = 19), therefore this predisposition should be interpreted in line with 
low prevalence as being of lower priority for the breed. However, a recent study has highlighted the oncogenic 
potential of papillomas, with benign papillomas transforming in to malignant carcinomas76. Veterinarians should 
be aware of this oncogenic potential and discuss with owners of affected dogs.

Respiratory disorders.  Previous studies based on primary-care data have not reported the prevalence of 
kennel cough, but Labrador Retrievers were identified as predisposed (OR 2.27) in the current study, in contrast 
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to a KC-registered breed based study which did not identify Labrador Retrievers with significantly higher or 
lower within breed prevalence of kennel cough compared to the prevalence across breeds overall36. Increased 
odds of coughing or upper respiratory tract disorders in Labrador Retrievers were not identified in the current 
study and the prevalence of these two conditions reported was similar to those reported previously by studies 
with similar methodologies27,28. Coughing is a pathognomonic presenting sign of the kennel cough syndrome 
that can involve a spectrum of infectious agents including viral, bacterial and Mycoplasma77. It would be useful 
to know which (if any) particular pathogens Labrador Retrievers are susceptible to that cause kennel cough, and 
if environmental factors such as increased contact with other dogs has an impact on their susceptibility. Labra-
dor Retrievers are a sociable breed and may be kept as family companions, service dogs, guide dogs or working 
gundogs13. Transmission of pathogens associated with kennel cough is both by direct contact and indirectly by 
aerosolized droplets from coughing or sneezing dogs and by fomites78. Therefore, if Labrador Retrievers spend 
an increased amount of time in contact with other dogs and humans compared with different breeds, the risk of 
kennel cough transmission might be higher. Further research is required to elucidate these relationships.

Dental disorders.  Labrador Retrievers showed protection to dental disorders at a grouped-level of diagnos-
tic precision (OR 0.45) and protection to periodontal disease at a specific-level of diagnostic precision (OR 0.43), 
with estimated prevalences of 8.14% and 7.11%, respectively. These values are higher than the respective esti-
mates reported previously by studies with similar methodologies of 3.8–5.5% for dental disorders and 3.2–4.3% 
for periodontal disease27,28. Our prevalence estimate for periodontal disease is considerably lower than previous 
estimates based on prospective planned dental examinations in Labrador Retrievers (56.6%)79 and estimates in 
dogs generally (60.0–86.3%)80,81, suggesting the prevalence of periodontal disease is underreported in primary-
care data, although different study populations may in part account for this difference. The current study also 
reported that Labrador Retrievers had protection (OR 0.28) to retained deciduous teeth, which is in agree-
ment with previous research in which Labrador Retrievers did not develop as many cases of unerupted teeth as 
Boxers82. Although Labrador Retrievers had protection to dental disorders in the current study, they still have a 
relatively high prevalence of such conditions. Exploration of the reasons why Labrador Retrievers are protected 
in comparison to other breeds may enable these protective factors to be increased so that the breed prevalence 
decreases further, and that the health and welfare of other breeds might also be improved.

Cardiovascular disorders.  Labrador Retrievers showed protection to heart disease at a grouped-level of 
diagnostic precision (OR 0.36) and had protection to heart murmur at a specific-level of diagnostic precision 
(OR 0.20), with estimated prevalence of 1.30% and 0.55% respectively, which are lower than respective estimates 
reported previously by O’Neill et al. (2014) of 1.5% in both cases28. The results of the current study agree with 
research that reported Labrador Retrievers have reduced odds of degenerative mitral valve disease and heart 
murmur in comparison with other breeds38. Based on a survey of owners, Wiles et al.36 reported that Labra-
dor Retrievers had significantly lower prevalence of mitral valve disease, heart murmur and irregular heartbeat 
in comparison with other KC-registered breeds. Conversely, Labrador Retrievers have been reported to have 
predispositions to supraventricular tachycardia83, atrioventricular block84, pericardial effusion85 and congenital 
heart disease86. However, these specific diagnoses are less common and were not identified in the current study 
population in sufficient numbers to be included in the analysis. It might be that the historical selection of Lab-
rador Retrievers as a working gundog13 has inadvertently resulted in selection against cardiac disease over many 
decades. Therefore, there may be value in using Labrador Retrievers in cross breeding programmes to outcross 
other breeds affected with specific cardiac predispositions7.

Parasitic disorders.  Labrador Retrievers showed protection to parasitic disorders at a grouped-level of 
diagnostic precision (OR 0.51) and flea infestation at a specific-level of diagnostic precision (OR 0.22), with 
estimated prevalence of 2.05% and 0.48%, respectively. Results for flea infestation in Labrador Retrievers has not 
been previously reported in primary-care studies, but our estimated prevalence for parasite infestation overall is 
between estimates reported previously by VetCompass studies with similar methodologies (1.7–3.5%)27,28. The 
prevalence of flea infestation in our results was considerably lower than reported in veterinary-based surveys of 
UK dogs (6.82–14.40%)87,88. The higher prevalence reported by Abdullah et al. might be because their method-
ology required veterinarians to adhere to a strict protocol when collecting samples, but the authors suggested 
that the true prevalence might be higher still, due to the poor sensitivity of qPCR methods. Additionally, Bond 
et al. found that almost half of dog owners did not know that their dogs had flea infestations, which could lead 
to considerable underestimation of the true prevalence via veterinary reporting87. Furthermore, it is likely that 
many owners buy anti-parasitic treatments over the counter, so it is not clear how accurately veterinary clinical 
data represents the true prevalence of parasite infestation. It is unclear why Labrador Retrievers have protection 
to parasite infection, but it could be due to their characteristically short coat-type, which has been associated 
with reduced likelihood of tick infestation89 and flea infestation90 in dogs, perhaps due to easier removal of the 
parasite during grooming (by the dog or owner) or due to the increased difficulty for the parasite to attach and 
grip to the coat. Labrador Retrievers’ affinity to water might also help to remove external parasites, especially 
if they are often bathed or allowed to swim outdoors. However, we did not separate out different confounding 
factors in the current study, therefore future studies that explore demographic, environmental, management and 
ownership factors as separate entities may help to further evaluate this finding.

Limitations.  The limitations of this study are similar to those in previous VetCompass publications with 
similar methodologies, largely based on the nature of retrospective analysis of electronic patient record data28,91. 
Many disorders reported in the current study have environmental risk factors and some of these may be breed-
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specific, however it is not possible to assess these with primary-care data alone. Further prospective studies 
might evaluate the influence of non-genetic factors, such as owner and dog behaviours and lifestyle, including 
diet and exercise, on the development of disorders identified in the current study. The severity and duration 
of disorders are not reported here, which could provide further insights into the nature and ranking of breed 
predispositions47. Comparing the relative number of predispositions to protections does not necessarily reflect 
breed health without a measure of severity, however the study findings highlight the types of conditions Labra-
dor Retrievers are predisposed to and protected from.

We classified dogs as either ‘Labrador Retriever’ or ‘non-Labrador Retriever’ and removed any dogs with 
their breed information missing. The high percentage (28.8%) of crossbreeds in our non-Labrador Retrievers 
might have caused some dilution of the phenotype. For example, Labradoodles are a crossbreed of Labrador 
Retriever and Poodle and although not recognised by the KC, are an increasingly popular breed in the UK92. 
It is difficult to ascertain from the data what proportion of the non-Labrador Retrievers had partial Labrador 
Retriever progeny and to what extent these dogs affected the results. However, inclusion of crossbreeds with 
partial Labrador Retriever progeny would result in an underestimation of the breed effects, rather than overesti-
mation. Therefore, we can be more confident that a true association exists for the results identified as statistically 
significant in this study.

A random subset of all dogs were included in this study due to temporal constraints on data coding, which 
might have caused some of the less common disorders to be underpowered and resulted in artificially inflated 
or deflated odds ratios. Therefore, the count, prevalence, odds ratios and confidence intervals should be consid-
ered together when interpreting the results. As discussed previously, presenting signs where more than one was 
listed were reported as the first given, which might have affected the data due to linguistic biases. Novel methods 
of diagnosis coding based on natural language processing recently developed by VetCompass might provide a 
solution to these problems in the future93.

We treated missing values as a separate category within the analysis. Using this approach may allow for 
residual confounding if the missing category is not homogenous94, but provides a less biased estimate than 
excluding this data95. We use multiple comparisons in this study and adherence to a cut-off p value of less than 
0.05 to infer significance can lead to a Type 1 error of accepting false positive results. Furthermore, the small 
number of cases in some disorders that we report might have led to a type 2 error of accepting false negative 
results. We recommend that readers do not rely on the p values of odds ratios but consider the confidence levels, 
prevalence percentages and other results to interpret our findings96. The results for each of the disorders assessed 
should be interpreted as exploratory rather than confirmatory.

Conclusion
This study evaluated a range of disorders and should be considered exploratory rather than confirmatory. The 
individual results should be confirmed in future a priori studies to increase confidence in the findings. With 
significantly different risks between Labrador Retrievers and non-Labrador Retrievers for 19/35 (54.3%) specific-
level disorders, these results show that the disorder profile of Labrador Retrievers is  quite different to dogs that 
are not of this breed. Labrador Retrievers show predisposition to some common disorders including osteoarthritis 
and lipoma but show protection to some common disorders including patellar luxation and heart murmur. The 
findings can alert current Labrador Retriever owners about key issues to monitor in their dogs, which may lead 
to earlier veterinary visits, quicker diagnosis and thus better prognosis. Further work should aim to elucidate 
the reasons for the predispositions and protections to disorders in order to benefit not only Labrador Retrievers 
but the wider canine community.

Methods
The study population included all available dogs under primary veterinary care at clinics participating in the 
VetCompass Programme during 2016. Dogs under veterinary care were defined as those with either (a) at least 
one electronic patient record (EPR) (VeNom diagnosis term, free-text clinical note, treatment or bodyweight) 
recorded during 2016 or (b) at least one EPR recorded during both 2015 and 2017. Including dogs that had 
received care at the clinic in 2015 and 2017 broadened the inclusivity of the dogs in the study by including dogs 
that were under the care of the practice in 2016, but who did not receive any direct treatment in this period. 
Therefore, this study population should be more representative of the wider dog population. VetCompass collates 
de-identified EPR data from primary-care veterinary practices in the UK for epidemiological research44. Data 
fields available to VetCompass researchers include a unique animal identifier along with species, breed, date of 
birth, sex, neuter status, insurance status, and bodyweight, and also clinical information from free-form text 
clinical notes, summary diagnosis terms97 and treatment with relevant dates.

A cohort study design was used to estimate the 1-year (2016) period prevalence of the most commonly 
diagnosed disorders in Labrador Retrievers and for all other dogs98. Sample size calculations in Epi info (CDC)99 
estimated that, based on a UK dog population of 10 million100, approximately 834 Labrador Retrievers and 16,673 
non-Labrador Retrievers would be needed to detect an odds ratio of ≥ 2.0 based on an estimated 2.5% of Labrador 
Retrievers having a specific disorder during the study period, assuming 80% power and 95% confidence with a 
20:1 ratio of non-Labrador Retrievers to Labrador Retrievers43,99. Ethics approval was obtained from the RVC 
Ethics and Welfare Committee (reference number SR2018-1652).

Breed information entered by the participating practices was cleaned and mapped to a VetCompass breed list 
derived and extended from the VeNom Coding breed list97. Dogs that were recorded as Labrador Retriever were 
categorised as Labrador Retriever and dogs recorded with any other breed or crossbreed term were categorised as 
non-Labrador Retriever. Neuter status was defined by the final available EPR neuter value and was combined with 
sex to create four categories: female entire, female neutered, male entire and male neutered. Adult bodyweight 
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for an individual dog was defined as the mean of all bodyweight (kg) values recorded for the dog after reaching 
18 months old. Mean adult bodyweight was reported overall and broken down by sex for all breeds with adult 
bodyweight available for at least 100 dogs. Based on previous reports43,101, bodyweight was further categorized 
as “at or above the breed/sex mean”, “below the breed/sex mean” and “no recorded bodyweight”. Age was defined 
as the age (years) at December 31, 2016 and was categorised into five groups: ≤ 3.0, 3.0 to < 6.0, 6.0 to < 9.0, 9.0 
to < 12.0 and ≥ 12.0. Each veterinary clinic was categorised into one of the five practice groups included in the 
study. The practice groups included in the current study were distributed throughout the UK and were assigned 
a code during analysis to ensure anonymity. Vet group was included as a fixed effect to adjust for clustering at 
the clinic level. Insurance status was categorised as insured or not insured as recorded by the final available EPR. 
Missing data were recorded as “Not recorded” and, in line with previous reports based on EPR data, included in 
the analysis if this category accounted for > 10% of the study variable102. A systematic review on the approaches 
to handling missing data reported that complete-case analysis may seriously bias study results95, therefore we 
chose to include missing data as a separate category in the analysis if it accounted for a significant proportion 
(> 10%) of the study variable to minimize bias. This approach allows dogs with missing data for one variable to 
still contribute to the overall analyses based on information that is complete for other variables.

The VetCompass database allows for random ordering of unique animal identification numbers from the 
overall population. This facilitated random selection of the clinical records of a sample of dogs of all types. The 
clinical records were reviewed in detail to extract the most definitive (i.e. specific) diagnoses recorded for all 
disorders that existed during 201628. Elective (e.g. neutering) or prophylactic (e.g. vaccination) clinical events 
were not included as disorders. No distinction was made between pre-existing and incident disorder presenta-
tions. Disorders described within the clinical notes using presenting sign terms (e.g. ‘vomiting’ or ’vomiting and 
diarrhoea’), but without a formally recorded clinical diagnostic term, were included using the first sign listed (e.g. 
vomiting). Obesity in dogs is a disorder that might be described in EPRs using different synonyms103. In line with 
previous publications based on primary care data, evidence for obesity required information recorded within 
the EPR indicating that the dog showed evidence of overweight to any degree during 201645,103. The extracted 
diagnosis terms were mapped to a dual hierarchy of diagnostic precision for analysis: specific-level precision and 
grouped-level precision as previously described28. Briefly, specific-level precision terms described the original 
extracted terms at the maximal diagnostic precision recorded within the clinical notes (e.g. inflammatory bowel 
disease would remain as inflammatory bowel disease). The researchers made no attempts to second-guess underly-
ing disorders in cases with presenting signs (e.g. lameness) recorded in lieu of formal diagnoses. Grouped-level 
precision terms mapped the original diagnosis terms to a general level of diagnostic precision (e.g. inflammatory 
bowel disease would map to gastro-intestinal).

Following data checking for internal validity and cleaning in Excel (Microsoft Office Excel 2013, Microsoft 
Corp.), analyses were conducted using SPSS version 24.0 (IBM Corp). The sex-neuter status, age, mean adult 
bodyweight, at/above or below breed/sex mean bodyweight and insurance status for Labrador Retrievers and 
non-Labrador Retrievers under veterinary care during 2016 were described.

One-year period prevalence values were reported separately for Labrador Retrievers and non-Labrador 
Retrievers. One-year period prevalence described the proportion of dogs from the study population recorded 
as having a given condition during 2016. A combined list of disorders was generated that included the 30 most 
common disorders in Labrador Retrievers and the 30 most common disorders in non-Labrador Retrievers so 
that equal weighting was given to the common disorders in both groups. Multivariable modelling using binary 
logistic regression was used to report the odds of each of these disorders in Labrador Retrievers compared with 
non-Labrador Retrievers. Predisposition was defined as higher breed odds for a disorder after accounting for 
other demographic factors. Conversely, protection was defined as lower breed odds for a disorder after account-
ing for other demographic factors. A predisposition or protection was considered significant at the 5% level i.e. 
p < 0.05. For each specific-level and grouped disorder, a separate multivariable model was created that included 
a consistent list of variables based on information theory104,105. Breed was the a priori factor of interest and the 
models additionally included age (years), sex-neuter status, at/above or below breed/sex mean bodyweight, insur-
ance status and vet group as potential confounders. Individual bodyweight serves as a proxy of breed, therefore 
we included “at/above or below breed/sex mean bodyweight” to account for within breed variation. Relaxation 
on financial constraints to presentation for veterinary care, diagnostic procedures and surgical management 
through insurance has been shown to increase diagnostic probability in many conditions33, therefore insurance 
was considered as a confounding variable in the current study.

Normality of continuous variables (i.e. age and bodyweight) was assessed graphically and using the Kolmogo-
rov–Smirnov (K–S) test for normality106, with continuous variables ummarised using median, interquartile range 
(IQR) and range. Mann–Whitney, Chi-square or Fisher’s exact tests were used as appropriate for comparison 
of demographic data between cases and non-cases107,108. Model fit was assessed with the Hosmer–Lemeshow 
Test109. Statistical significance was set at the 5% level. All figures were created in R statistical software (R version 
3.6.1) using the “forestplot” package110.

Ethics approval.  Ethics approval was granted by the RVC Ethics and Welfare Committee (reference number 
URN Ref SR2018-1652).

Data availability
The datasets generated during and/or analysed during the current study will be made available at the RVC 
Research Online repository: https://​resea​rchon​line.​rvc.​ac.​uk/​id/​eprint/​12650/.

https://researchonline.rvc.ac.uk/id/eprint/12650/


10

Vol:.(1234567890)

Scientific Reports |        (2021) 11:13988  | https://doi.org/10.1038/s41598-021-93379-2

www.nature.com/scientificreports/

Received: 15 September 2020; Accepted: 21 June 2021

References
	 1.	 Davis, S. J. & Valla, F. R. Evidence for domestication of the dog 12,000 years ago in the Natufian of Israel. Nature 276, 608–610 

(1978).
	 2.	 Pang, J.-F. et al. mtDNA data indicate a single origin for dogs south of Yangtze River, less than 16,300 years ago, from numerous 

wolves. Mol. Biol. Evol. 26, 2849–2864 (2009).
	 3.	 Skoglund, P., Götherström, A. & Jakobsson, M. Estimation of population divergence times from non-overlapping genomic 

sequences: Examples from dogs and wolves. Mol. Biol. Evol. 28, 1505–1517 (2011).
	 4.	 Larson, G. & Bradley, D. G. How much is that in dog years? The advent of canine population genomics. PLoS Genet. 10, 20 

(2014).
	 5.	 Adams, J. Genetics of dog breeding How much is that in dog years? The advent of canine population genomics.  Nat. Educ. 1, 

144 (2008).
	 6.	 Boyko, A. R. The domestic dog: Man’s best friend in the genomic era. Genome Biol. 12, 216 (2011).
	 7.	 Farrell, L. L., Schoenebeck, J. J., Wiener, P., Clements, D. N. & Summers, K. M. The challenges of pedigree dog health: Approaches 

to combating inherited disease. Canine Genet. Epidemiol. 2, 3 (2015).
	 8.	 Gough, A., Thomas, A. & O’Neill, D. Breed Predispositions to Disease in Dogs and Cats 3rd edn. (Wiley, 2018).
	 9.	 Bateson, P. Independent Inquiry into Dog Breeding (Bateson, 2010).
	 10.	 Lambert, C. Getting to Know Labradors: A Guide to Choosing and Owning a Labrador Retriever 13 (Animal Info Publications, 

2008).
	 11.	 Lofgren, S. E. et al. Management and personality in Labrador Retriever dogs. Appl. Anim. Behav. Sci. 156, 44–53 (2014).
	 12.	 The Kennel Club. Britain’s Top Dogs: Old Favourites Rise and Fall While Continental Cousins Sky Rocket. https://​www.​theke​nnelc​

lub.​org.​uk/​press-​relea​ses/​2019/​novem​ber/​brita​ins-​top-​dogs-​old-​favou​rites-​rise-​and-​fall-​while-​conti​nental-​cousi​ns-​skyro​cket/ 
(2019).

	 13.	 The Kennel Club. Breed Information Centre Retriever (Labrador). https://​www.​theke​nnelc​lub.​org.​uk/​servi​ces/​public/​breed/​displ​
ay.​aspx?​id=​2048 (2020).

	 14.	 University of California Davis Veterinary Genetics Laboratory. Genetic Diversity Testing for Labrador Retrievers. https://​www.​
vgl.​ucdav​is.​edu/​servi​ces/​dog/​Genet​icDiv​ersit​yInLa​brado​rRetr​ievers.​php (2019).

	 15.	 The Kennel Club. Report from the Kennel Club/British Small Animal Veterinary Association Scientific Committee Summary 
results of the Purebred Dog Health Survey for Labrador Retrievers (2004).

	 16.	 Frischknecht, M. et al. A COL11A2 mutation in Labrador retrievers with mild disproportionate dwarfism. PLoS ONE 8, 20 
(2013).

	 17.	 Raffan, E. et al. A deletion in the canine POMC gene is associated with weight and appetite in obesity-prone labrador retriever 
dogs. Cell Metab. 23, 893–900 (2016).

	 18.	 Rinz, C. J. et al. A COLQ missense mutation in Labrador Retrievers having congenital myasthenic syndrome. PLoS ONE 9, 20 
(2014).

	 19.	 Conant, E., Juras, R. & Cothran, E. Incidence of the mask phenotype M264V mutation in Labrador Retrievers. Res. Vet. Sci. 91, 
e98–e99 (2011).

	 20.	 Fieten, H. et al. The Menkes and Wilson disease genes counteract in copper toxicosis in Labrador retrievers: A new canine model 
for copper-metabolism disorders. Dis. Model. Mech. 9, 25–38 (2016).

	 21.	 Bauer, A. et al. A large deletion in the NSDHL gene in Labrador Retrievers with a congenital cornification disorder. G3 Genes 
Genomes Genet.  7, 3115–3121 (2017).

	 22.	 Beggs, A. H. et al. MTM1 mutation associated with X-linked myotubular myopathy in Labrador Retrievers. Proc. Natl. Acad. 
Sci. 107, 14697–14702 (2010).

	 23.	 Wang, S. et al. Genetic correlations of hip dysplasia scores for Golden retrievers and Labrador retrievers in France, Sweden and 
the UK. Vet. J. 226, 51–56 (2017).

	 24.	 Jagannathan, V. et al. A mutation in the SUV39H2 gene in Labrador Retrievers with hereditary nasal parakeratosis (HNPK) 
provides insights into the epigenetics of keratinocyte differentiation. PLoS Genet. 9, 20 (2013).

	 25.	 Maurer, M. et al. Centronuclear myopathy in Labrador retrievers: A recent founder mutation in the PTPLA gene has rapidly 
disseminated worldwide. PLoS ONE 7, 20 (2012).

	 26.	 Zangerl, B. et al. Identical mutation in a novel retinal gene causes progressive rod–cone degeneration in dogs and retinitis 
pigmentosa in humans. Genomics 88, 551–563 (2006).

	 27.	 McGreevy, P. D. et al. Labrador retrievers under primary veterinary care in the UK: Demography, mortality and disorders. 
Canine Genet. Epidemiol. 5, 8 (2018).

	 28.	 O’Neill, D. G., Church, D. B., McGreevy, P. D., Thomson, P. C. & Brodbelt, D. C. Prevalence of disorders recorded in dogs attend-
ing primary-care veterinary practices in England. PLoS ONE 9, e90501 (2014).

	 29.	 Lund, E. M., Armstrong, P. J., Kirk, C. A. & Klausner, J. S. Prevalence and risk factors for obesity in adult dogs from private US 
veterinary practices. Int. J. Appl. Res. Vet. Med. 4, 177 (2006).

	 30.	 Mankowska, M., Krzeminska, P., Graczyk, M. & Switonski, M. Confirmation that a deletion in the POMC gene is associated 
with body weight of Labrador Retriever dogs. Res. Vet. Sci. 112, 116–118 (2017).

	 31.	 Anderson, K. L. et al. Prevalence, duration and risk factors for appendicular osteoarthritis in a UK dog population under primary 
veterinary care. Sci. Rep. 8, 5641 (2018).

	 32.	 Bergman, P., Withrow, S., Straw, R. & Powers, B. Infiltrative lipoma in dogs: 16 cases (1981–1992). J. Am. Vet. Med. Assoc. 205, 
322–324 (1994).

	 33.	 O’Neill, D. G., Corah, C. H., Church, D. B., Brodbelt, D. C. & Rutherford, L. Lipoma in dogs under primary veterinary care in 
the UK: Prevalence and breed associations. Canine Genet. Epidemiol. 5, 9. https://​doi.​org/​10.​1186/​s40575-​018-​0065-9 (2018).

	 34.	 Pugh, C. A. et al. Incidence rates and risk factor analyses for owner reported vomiting and diarrhoea in Labrador retrievers—
findings from the Dogslife cohort. Prev. Vet. Med. 140, 19–29 (2017).

	 35.	 Keijser, S. et al. Disease burden in four populations of dog and cat breeds compared to mixed-breed dogs and European shorthair 
cats. Prev. Vet. Med. 140, 38–44 (2017).

	 36.	 Wiles, B., Llewellyn-Zaidi, A., Evans, K., O’Neill, D. & Lewis, T. Large-scale survey to estimate the prevalence of disorders for 
192 kennel Club registered breeds. Canine Genet. Epidemiol. 4, 8 (2017).

	 37.	 Werhahn Beining, F. et al. Rhodesian Ridgebacks have an increased risk to develop benign prostatic hyperplasia. Reprod. Domestic 
Anim. 20, 20 (2019).

	 38.	 Mattin, M. et al. Prevalence of and risk factors for degenerative mitral valve disease in dogs attending primary-care veterinary 
practices in England. J. Vet. Intern. Med. 29, 847–854 (2015).

	 39.	 Hess, R. S., Kass, P. H., Shofer, F. S., Van, T. W. & Washabau, R. J. Evaluation of risk factors for fatal acute pancreatitis in dogs. J. 
Am. Vet. Med. Assoc. 214, 46–51 (1999).

	 40.	 Adams, V. J. et al. Evidence of longer life; a cohort of 39 labrador retrievers. Vet. Rec. 182, 408 (2018).

https://www.thekennelclub.org.uk/press-releases/2019/november/britains-top-dogs-old-favourites-rise-and-fall-while-continental-cousins-skyrocket/
https://www.thekennelclub.org.uk/press-releases/2019/november/britains-top-dogs-old-favourites-rise-and-fall-while-continental-cousins-skyrocket/
https://www.thekennelclub.org.uk/services/public/breed/display.aspx?id=2048
https://www.thekennelclub.org.uk/services/public/breed/display.aspx?id=2048
https://www.vgl.ucdavis.edu/services/dog/GeneticDiversityInLabradorRetrievers.php
https://www.vgl.ucdavis.edu/services/dog/GeneticDiversityInLabradorRetrievers.php
https://doi.org/10.1186/s40575-018-0065-9


11

Vol.:(0123456789)

Scientific Reports |        (2021) 11:13988  | https://doi.org/10.1038/s41598-021-93379-2

www.nature.com/scientificreports/

	 41.	 Oberbauer, A., Keller, G. & Famula, T. Long-term genetic selection reduced prevalence of hip and elbow dysplasia in 60 dog 
breeds. PLoS ONE 12, 20 (2017).

	 42.	 Ohlerth, S., Geiser, B., Flückiger, M. & Geissbühler, U. Prevalence of canine hip dysplasia in Switzerland between 1995 and 
2016—a retrospective study in 5 common large breeds. Front. Vet. Sci. 6, 378 (2019).

	 43.	 Pegram, C., Wonham, K., Brodbelt, D. C., Church, D. B. & O’Neill, D. G. Staffordshire Bull Terriers in the UK: Their disorder 
predispositions and protections. Canine Med. Genet. 7, 1–11 (2020).

	 44.	 VetCompass. VetCompass™ Programme. http://​www.​rvc.​ac.​uk/​VetCO​MPASS/ (2019).
	 45.	 Pegram, C. et al. Frequency, breed predisposition and demographic risk factors for overweight status in dogs in the UK. J. Small 

Anim. Pract. 20, 20 (2021).
	 46.	 O’Neill, D. G., Butcher, C., Church, D. B., Brodbelt, D. C. & Gough, A. G. Miniature Schnauzers under primary veterinary care 

in the UK in 2013: Demography, mortality and disorders. Canine Genet. Epidemiol. 6, 1 (2019).
	 47.	 Summers, J. F. et al. Health-related welfare prioritisation of canine disorders using electronic health records in primary care 

practice in the UK. BMC Vet. Res. 15, 163. https://​doi.​org/​10.​1186/​s12917-​019-​1902-0 (2019).
	 48.	 Woolliams, J., Lewis, T. & Blott, S. Canine hip and elbow dysplasia in UK Labrador retrievers. Vet. J. 189, 169–176 (2011).
	 49.	 Lavrijsen, I. et al. Phenotypic and genetic evaluation of elbow dysplasia in Dutch Labrador Retrievers, Golden Retrievers, and 

Bernese Mountain dogs. Vet. J. 193, 486–492 (2012).
	 50.	 Morgan, J. P., Wind, A. & Davidson, A. P. Bone dysplasias in the labrador retriever: A radiographic study. J. Am. Anim. Hosp. 

Assoc. 35, 332–340 (1999).
	 51.	 LaFond, E., Breur, G. J. & Austin, C. C. Breed susceptibility for developmental orthopedic diseases in dogs. J. Am. Anim. Hosp. 

Assoc. 38, 467–477 (2002).
	 52.	 Stull, J. W., Evason, M., Carr, A. P. & Waldner, C. Canine immune-mediated polyarthritis: Clinical and laboratory findings in 

83 cases in western Canada (1991–2001). Can. Vet. J. 49, 1195 (2008).
	 53.	 Smith, G. K. et al. Lifelong diet restriction and radiographic evidence of osteoarthritis of the hip joint in dogs. J. Am. Vet. Med. 

Assoc. 229, 690–693 (2006).
	 54.	 Harasen, G. Canine cranial cruciate ligament rupture in profile: 2002–2007. Can. Vet. J. 49, 193 (2008).
	 55.	 Greene, L. M., Marcellin-Little, D. J. & Lascelles, B. D. X. Associations among exercise duration, lameness severity, and hip joint 

range of motion in Labrador Retrievers with hip dysplasia. J. Am. Vet. Med. Assoc. 242, 1528–1533 (2013).
	 56.	 Peterson, K. D. & Keefe, T. J. Effects of meloxicam on severity of lameness and other clinical signs of osteoarthritis in dogs. J. 

Am. Vet. Med. Assoc. 225, 1056–1060 (2004).
	 57.	 Teng, K.T.-Y. et al. Welfare-adjusted life years (WALY): A novel metric of animal welfare that combines the impacts of impaired 

welfare and abbreviated lifespan. PLoS ONE 13, 20 (2018).
	 58.	 BVA. Canine Health Schemes. https://​www.​bva.​co.​uk/​canine-​health-​schem​es/ (2020).
	 59.	 The Kennel Club. Breed Registration Statistics. https://​www.​theke​nnelc​lub.​org.​uk/​regis​trati​on/​breed-​regis​trati​on-​stati​stics/ (2020).
	 60.	 Gibbons, S., Macias, C., Tonzing, M., Pinchbeck, G. & McKee, W. Patellar luxation in 70 large breed dogs. J. Small Anim. Pract. 

47, 3–9 (2006).
	 61.	 Alam, M. et al. Frequency and distribution of patellar luxation in dogs. Vet. Comp. Orthop. Traumatol. 20, 59–64 (2007).
	 62.	 Bound, N., Zakai, D., Butterworth, S. & Pead, M. The prevalence of canine patellar luxation in three centres. Vet. Comp. Orthop. 

Traumatol. 22, 32–37 (2009).
	 63.	 Kalff, S. et al. Lateral patellar luxation in dogs: A retrospective study of 65 dogs. Vet. Comp. Orthop. Traumatol. 27, 130–134 

(2014).
	 64.	 Dohoo, I., Martin, S. & Stryhn, H. Veterinary Epidemiologic Research (VER. Inc., 2009).
	 65.	 German, A. J., Blackwell, E., Evans, M. & Westgarth, C. Overweight dogs exercise less frequently and for shorter periods: Results 

of a large online survey of dog owners from the UK. J. Nutr. Sci. 6, 20 (2017).
	 66.	 Yam, P. et al. Impact of canine overweight and obesity on health-related quality of life. Prev. Vet. Med. 127, 64–69 (2016).
	 67.	 German, A. et al. Quality of life is reduced in obese dogs but improves after successful weight loss. Vet. J. 192, 428–434 (2012).
	 68.	 Marshall, W. G. et al. The effect of weight loss on lameness in obese dogs with osteoarthritis. Vet. Res. Commun. 34, 241–253 

(2010).
	 69.	 Ward, E., German, A. & Churchill, J. (2018).
	 70.	 Dennis, M. M., Ehrhart, N., Duncan, C. G., Barnes, A. B. & Ehrhart, E. Frequency of and risk factors associated with lingual 

lesions in dogs: 1,196 cases (1995–2004). J. Am. Vet. Med. Assoc. 228, 1533–1537 (2006).
	 71.	 White, C. R., Hohenhaus, A. E., Kelsey, J. & Procter-Gray, E. Cutaneous MCTs: Associations with spay/neuter status, breed, 

body size, and phylogenetic cluster. J. Am. Anim. Hosp. Assoc. 47, 210–216 (2011).
	 72.	 Villamil, J. A. et al. Identification of the most common cutaneous neoplasms in dogs and evaluation of breed and age distribu-

tions for selected neoplasms. J. Am. Vet. Med. Assoc. 239, 960–965 (2011).
	 73.	 Śmiech, A., Łopuszyński, W., Ślaska, B., Bulak, K. & Jasik, A. Occurrence and distribution of canine cutaneous mast cell tumour 

characteristics among predisposed breeds. J. Vet. Res. 63, 141 (2019).
	 74.	 Prouteau, A. & André, C. Canine melanomas as models for human melanomas: Clinical, histological, and genetic comparison. 

Genes 10, 501 (2019).
	 75.	 Séguin, B. Neoplastic conditions of the thoracic limb. Canine Lameness 20, 271–277 (2020).
	 76.	 Thaiwong, T. et al. Malignant transformation of canine oral papillomavirus (CPV1)-associated papillomas in dogs: An emerging 

concern?. Papillomavirus Res. 6, 83–89 (2018).
	 77.	 Baldwin, C. Canine kennel cough complex. Infect. Dis. Manag. Anim. Shelters 147, 20 (2009).
	 78.	 Edinboro, C. H., Ward, M. P. & Glickman, L. T. A placebo-controlled trial of two intranasal vaccines to prevent tracheobronchitis 

(kennel cough) in dogs entering a humane shelter. Prev. Vet. Med. 62, 89–99 (2004).
	 79.	 Wallis, C. et al. A longitudinal assessment of periodontal health status in 53 Labrador retrievers. J. Small Anim. Pract. 59, 560–569 

(2018).
	 80.	 Kyllar, M. & Witter, K. Prevalence of dental disorders in pet dogs. Vet. Med. Praha 50, 496 (2005).
	 81.	 Stella, J. L., Bauer, A. E. & Croney, C. C. A cross-sectional study to estimate prevalence of periodontal disease in a population 

of dogs (Canis familiaris) in commercial breeding facilities in Indiana and Illinois. PLoS ONE 13, 20 (2018).
	 82.	 Bellei, E., Ferro, S., Zini, E. & Gracis, M. A clinical, radiographic and histological study of unerupted teeth in dogs and cats: 73 

cases (2001–2018). Front. Vet. Sci. 6, 357 (2019).
	 83.	 Finster, S. T., DeFrancesco, T. C., Atkins, C. E., Hansen, B. D. & Keene, B. W. Supraventricular tachycardia in dogs: 65 cases 

(1990–2007). J. Vet. Emerg. Crit. Care 18, 503–510 (2008).
	 84.	 Schrope, D. P. & Kelch, W. J. Signalment, clinical signs, and prognostic indicators associated with high-grade second-or third-

degree atrioventricular block in dogs: 124 cases (January 1, 1997–December 31, 1997). J. Am. Vet. Med. Assoc. 228, 1710–1717 
(2006).

	 85.	 MacDonald, K. A., Cagney, O. & Magne, M. L. Echocardiographic and clinicopathologic characterization of pericardial effusion 
in dogs: 107 cases (1985–2006). J. Am. Vet. Med. Assoc. 235, 1456–1461 (2009).

	 86.	 Oliveira, P. et al. Retrospective review of congenital heart disease in 976 dogs. J. Vet. Intern. Med. 25, 477–483 (2011).
	 87.	 Bond, R., Riddle, A., Mottram, L., Beugnet, F. & Stevenson, R. Survey of flea infestation in dogs and cats in the United Kingdom 

during 2005. Vet. Rec. 160, 503–506 (2007).

http://www.rvc.ac.uk/VetCOMPASS/
https://doi.org/10.1186/s12917-019-1902-0
https://www.bva.co.uk/canine-health-schemes/
https://www.thekennelclub.org.uk/registration/breed-registration-statistics/


12

Vol:.(1234567890)

Scientific Reports |        (2021) 11:13988  | https://doi.org/10.1038/s41598-021-93379-2

www.nature.com/scientificreports/

	 88.	 Abdullah, S., Helps, C., Tasker, S., Newbury, H. & Wall, R. Pathogens in fleas collected from cats and dogs: Distribution and 
prevalence in the UK. Parasit. Vectors 12, 71 (2019).

	 89.	 Smith, F., Ballantyne, R., Morgan, E. & Wall, R. Prevalence, distribution and risk associated with tick infestation of dogs in Great 
Britain. Med. Vet. Entomol. 25, 377–384 (2011).

	 90.	 Silva, G. A. C. D., Lins, L. A., Irala, M. J. C., Cárcamo, M. C. & Ribeiro, P. B. Does hair coat length affect flea infestation in 
naturally infested dogs?. Rev. Bras. Parasitol. Vet. 25, 527–530 (2016).

	 91.	 O’Neill, D. G., Church, D. B., McGreevy, P. D., Thomson, P. C. & Brodbelt, D. C. Approaches to canine health surveillance. Canine 
Genet. Epidemiol. 1, 2. https://​doi.​org/​10.​1186/​2052-​6687-1-2 (2014).

	 92.	 Oliver, J. & Gould, D. Survey of ophthalmic abnormalities in the labradoodle in the UK. Vet. Rec. 170, 390–390 (2012).
	 93.	 Kennedy, N., Brodbelt, D. C., Church, D. B. & O’Neill, D. G. Detecting false-positive disease references in veterinary clinical 

notes without manual annotations. NPJ Digit. Med. 2, 1–7 (2019).
	 94.	 Columbia University. Missing Data and Multiple Imputation. https://​www.​publi​cheal​th.​colum​bia.​edu/​resea​rch/​popul​ation-​health-​

metho​ds/​missi​ng-​data-​and-​multi​ple-​imput​ation (2019).
	 95.	 Eekhout, I., de Boer, R. M., Twisk, J. W., de Vet, H. C. & Heymans, M. W. J. E. Missing data: A systematic review of how they are 

reported and handled. Epidemiology 23, 729–732 (2012).
	 96.	 Leek, J. T. & Peng, R. D. Statistics: P values are just the tip of the iceberg. Nature 520, 612–612 (2015).
	 97.	 The VeNom Coding Group. VeNom Veterinary Nomenclature. http://​venom​coding.​org (2019).
	 98.	 Pearce, N. Classification of epidemiological study designs. Int. J. Epidemiol. 41, 393–397. https://​doi.​org/​10.​1093/​ije/​dys049 

(2012).
	 99.	 Epi Info 7 CDC. Centers for Disease Control and Prevention (US): Introducing Epi Info 7. http://​wwwn.​cdc.​gov/​epiin​fo/7 (2019).
	100.	 PDSA. How Many Pets Are There in the UK?. https://​www.​pdsa.​org.​uk/​get-​invol​ved/​our-​campa​igns/​pdsa-​animal-​wellb​eing-​

report/​uk-​pet-​popul​ations-​of-​dogs-​cats-​and-​rabbi​ts (2020).
	101.	 O’Neill, D. et al. Unravelling the health status of brachycephalic dogs in the UK using multivariable analysis. Sci. Rep. 10, 1–13 

(2020).
	102.	 Pegram, C. et al. Proportion and risk factors for death by euthanasia in dogs in the UK. Sci. Rep. 11, 1–12 (2021).
	103.	 Rolph, N. C., Noble, P.-J.M. & German, A. J. How often do primary care veterinarians record the overweight status of dogs?. J. 

Nutr. Sci. 3, 20 (2014).
	104.	 Piccininni, M., Konigorski, S., Rohmann, J. L. & Kurth, T. Directed Acyclic Graphs and causal thinking in clinical risk prediction 

modeling.  arXiv:​2002.​09414 (arXiv preprint) (2020).
	105.	 Vineis, P., Illari, P. & Russo, F. Causality in cancer research: A journey through models in molecular epidemiology and their 

philosophical interpretation. Emerg. Themes Epidemiol. 14, 7 (2017).
	106.	 Ghasemi, A. & Zahediasl, S. Normality tests for statistical analysis: A guide for non-statisticians. Int. J. Endocrinol. Metab. 10, 

486 (2012).
	107.	 Mann, H. B. & Whitney, D. R. On a test of whether one of two random variables is stochastically larger than the other. Ann. 

Math. Stat. 20, 50–60 (1947).
	108.	 Fisher, R. A. On the mathematical foundations of theoretical statistics. Philos. Trans. R. Soc. Lond. Ser. A Contain. Pap. Math. 

Phys. Char. 222, 309–368 (1922).
	109.	 Hosmer, D. & Lemeshow, S. Assessing the Fit of the Model 143–202 (Wiley, 2000).
	110.	 Gordon, M. & Lumley, T. (2019).

Acknowledgements
Thanks to Noel Kennedy (RVC) for VetCompass software and programming development. We are grateful to 
the following researchers who assisted with data collection during this project: Alice Ashworth, Alison Toetz, 
Bethany Allen, Eleanor White, Elizabeth Ainsworth, Jasmine Broomhead, Joanne Humphrey, Penelope Crocker 
and Teresa Soares. We acknowledge the Medivet Veterinary Partnership, Vets4Pets/Companion Care, Goddard 
Veterinary Group, CVS Group, Independent Vet Care, Beaumont Sainsbury Animal Hospital, Blue Cross Vets 
Now and the other UK practices who collaborate in VetCompass. We are grateful to The Kennel Club, The Kennel 
Club Charitable Trust and Agria Pet Insurance for supporting VetCompass.

Author contributions
C.P. and D.O.N. were responsible for the conception and design, acquisition and extraction of data. C.P. carried 
out the analysis. C.P., C.W. and D.O.N. were mainly responsible for drafting the manuscript. C.P., D.O.N., C.W., 
D.C. and D.B. were involved in interpreting the results, revising the manuscript and gave final approval of the 
version to be published. C.P., D.O.N., C.W., D.C. and D.B. agree to be accountable for all aspects of the accuracy 
and integrity of the work.

Funding
This study was supported at the RVC by an award from the Kennel Club Charitable Trust and Agria Pet Insurance. 
Neither the Kennel Club Charitable Trust, the Kennel Club or Agria Pet Insurance had any input in the design 
of the study, the collection, analysis and interpretation of data or in writing the manuscript.

Competing interests 
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to C.P.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note  Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

https://doi.org/10.1186/2052-6687-1-2
https://www.publichealth.columbia.edu/research/population-health-methods/missing-data-and-multiple-imputation
https://www.publichealth.columbia.edu/research/population-health-methods/missing-data-and-multiple-imputation
http://venomcoding.org
https://doi.org/10.1093/ije/dys049
http://wwwn.cdc.gov/epiinfo/7
https://www.pdsa.org.uk/get-involved/our-campaigns/pdsa-animal-wellbeing-report/uk-pet-populations-of-dogs-cats-and-rabbits
https://www.pdsa.org.uk/get-involved/our-campaigns/pdsa-animal-wellbeing-report/uk-pet-populations-of-dogs-cats-and-rabbits
http://arxiv.org/abs/2002.09414
www.nature.com/reprints


13

Vol.:(0123456789)

Scientific Reports |        (2021) 11:13988  | https://doi.org/10.1038/s41598-021-93379-2

www.nature.com/scientificreports/

Open Access   This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

© The Author(s) 2021

http://creativecommons.org/licenses/by/4.0/

	Disorder predispositions and protections of Labrador Retrievers in the UK
	Results
	Demography. 
	Total disorder count in Labrador Retrievers compared with non-Labrador Retrievers. 
	Specific-level predispositions and protections. 
	Grouped-level predispositions and protections. 

	Discussion
	Musculoskeletal disorders. 
	Obesity. 
	Neoplasia. 
	Respiratory disorders. 
	Dental disorders. 
	Cardiovascular disorders. 
	Parasitic disorders. 
	Limitations. 

	Conclusion
	Methods
	Ethics approval. 

	References
	Acknowledgements


