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Dan G. O’Neill2

A life table is a tabulated expression of life expectancy and mortality‑related information at specified 
ages in a given population. This study utilised VetCompass data to develop life tables for the UK 
companion dog population and broken down by sex, Kennel Club breed group, and common breeds. 
Among 30,563 dogs that died between 1st January 2016 and 31st July 2020, life expectancy at age 
0 was 11.23 [95% confidence interval (CI): 11.19–11.27] years. Female dogs (11.41 years; 95% CI: 
11.35–11.47) had a greater life expectancy than males (11.07 years; 95% CI: 11.01–11.13) at age 0. 
Life tables varied widely between breeds. Jack Russell Terrier (12.72 years; 95% CI: 12.53–12.90) and 
French Bulldog (4.53 years; 95% CI: 4.14–5.01) had the longest and shortest life expectancy at age 0, 
respectively. Life tables generated by the current study allow a deeper understanding of the varied 
life trajectory across many types of dogs and offer novel insights and applications to improve canine 
health and welfare. The current study helps promote further understanding of life expectancy, which 
will benefit pet owners and the veterinary profession, along with many other sectors.

Abbreviations
UK  United Kingdom
CI  Confidence interval
EPR  Electronic patient record
IQR  Interquartile range
KC  Kennel Club
WALY  Welfare-Adjusted Life Years

A deeper understanding of life expectancies at different ages within the United Kingdom (UK) companion dog 
population, further categorised by sex and breed, is critical to the improvement of canine welfare and health 
 management1,2. For example, existing and potential dog owners can develop realistic expectations for the typi-
cal remaining life period of their dogs through the knowledge of life expectancy. To date, much of the research 
on dog life expectancy has focused on reporting average overall ages at death in dogs that have been selected 
using referral or first opinion veterinary  caseloads1,3, insurance  databases4 or owner  questionnaires5,6. Among 
companion dogs died between 2009 and 2011 in the UK, the median age at death was estimated to be 12.0 years 
[interquartile range (IQR): 8.9–14.2], and the median age at death for various breeds ranged from Dogue de 
Bordeaux at 5.5 years (IQR: 3.3–6.1; n = 21) to Miniature Poodle at 14.2 years (IQR: 11.1–15.6; n = 20)1.

Instead of offering a single value for the average age of at death, a life table is a tabulated expression of life 
expectancy and probability of death at different age groups of a given population. A life table provides much more 
detailed information and inference than a single summary average age at death across all  ages7. There are two 
main types of life tables: (a) a cohort life table, which summarises the actual mortality experience of a group of 
individuals (the cohort) from the birth of the first to the death of the last member of the cohort, and (b) a current 
life table, which provides cross-sectional mortality and survival experience of a population during a single or 
few current  years8. Cohort life tables have also been constructed using a hypothetical (i.e., not pre-determined) 
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 cohort9,10. Both types of life tables have their importance. Cohort life tables can inform the mortality situation 
of cohorts, but the data for current life tables are generally easier to be  collected8.

Human life tables are routinely constructed for countries, or sub-populations within a country, as a proxy 
indicator of the general health of the population. A decrease in life expectancy implies that events leading to 
mortality occur, on average, earlier and is, therefore, suggestive of a generally less healthy  population11. Thus, 
life tables can be used to monitor changes in the general health of a population over time, as well as to identify 
vulnerable (sub-)populations, promoting targeted investigation into the reasons for the observed reduction in 
life  expectancy11,12. Human life tables are considered an essential tool for effective public planning and policy-
making13, e.g., estimating the future costs of the Old-Age, Survivors, and Disability Insurance federal programmes 
within the United  States14. In the UK, a national current life table for humans is generated every three years 
whereas there is an update every year in the United  States12,15. National life tables are usually constructed for the 
population overall, per sex, and may include ethnic groups in some  countries16.

Despite their usefulness for the management of human populations, life tables are rarely built for companion 
animals. Two life table studies for dogs were recently conducted in  Japan10,17; the first created current life tables 
for dogs in general, along with estimates for differing sizes, using pet insurance data, whilst the other created a 
hypothetical cohort life table using pet cemetery data. These life tables have advanced the knowledge of dog life 
 trajectory18 and have been applied in studies that required information on the life expectancy of dogs of differ-
ent ages, such as a quantitative risk assessment of the introduction of  rabies19 and the quantification of welfare 
impact caused by  diseases2. However, given that the breed structure of dog populations can vary widely between 
countries, the international generalisability of lifetables needs to be considered carefully. In addition, the aver-
age lifespan and mortality profiles of individual breeds may differ among national dog populations for a wide 
range of genetic and healthcare reasons. For instance, on average, Labrador Retrievers lived 14.1 years (mean) 
in  Japan10, 12.5 years (median) in the  UK1, and 10.5 (median) years in  Denmark20.

The construction of a life table for companion dogs in the UK could facilitate the understanding of the life 
expectancy and health of the UK companion dog population in a similar way to the application of such life tables 
in human  populations12,15. A reliable canine life table can enhance our understanding of the life expectancy at 
different ages, as it demonstrates that life expectancy at each age is not the same as the average lifespan minus 
that age. There are practical implications when life expectancy is not understood correctly. For example, canine 
adoption centres may underestimate the typical remaining lifespan of adult dogs being rehomed if predictions 
about their age at death are based on their current age and the average lifespan. This could lead to a longer 
length of ownership than the adopting family had originally expected. Life tables for individual breeds could be 
particularly useful for informing decision-making for existing and potential dog owners when deciding between 
candidate breeds and/or individuals of different ages. Moreover, more complex forms of life table modelling can 
be used to support studies that quantify the burden of diseases on dog health and  welfare2,21. When a disease 
leads to the death of a dog, this dog foregoes the potential remaining lifespan that it would have lived without 
that disease. Thus, the burden of the disease increases when a longer period of remaining life lost is caused by a 
disease, and this information about the life lost can be supplied by a dog life table.

The current study aimed to develop the first life tables for the UK companion dog population and dogs of 
different traits, including sex and some breeds. The study aimed to use a large data resource provided by the 
VetCompass™  Programme22 to access death information from the records of dogs under veterinary care in the 
UK. The resulting life tables could improve our understanding of longevity-related demographics of the dog 
population in the UK, whilst ultimately contributing to the improved health and welfare of dogs worldwide.

Materials and methods
The sampling frame of the current study included all dogs under primary veterinary care at clinics participating in 
the VetCompass™ Programme during 2016 (i.e., dogs with at least one clinical record in 2016). The VetCompass™ 
Programme collates de-identified electronic patient record (EPR) data from primary-care veterinary practices 
in the UK for epidemiological research (VetCompass, 2019). Data fields available for VetCompass™ researchers 
include a unique animal identifier along with breed, date of birth, sex, neuter status and bodyweight, as well as 
clinical information from free-form text clinical notes, summary diagnosis  terms23 and treatment with relevant 
dates. Dog breeds recognised by any of the Kennel Club (KC), the American Kennel Club and the Austral-
ian National Kennel Council were considered ‘purebred’ while all others (apart from those without any breed 
information) were considered ‘crossbred’24,25. Based on their breed, purebred dogs were classified into one of 
the KC breed groups (Gundog, Hound, Pastoral, Terrier, Toy, Utility and Working) or as non-KC recognised 
(The Kennel Club, 2019).

To identify the analytic dataset of deceased dogs for the current study, the EPRs were initially screened for 
candidate death cases, including dogs that were euthanased, died unassisted or whether the mechanism of death 
was unrecorded, using a range of search terms in the clinical note field (search terms: euth, pts*, crem*, ashes, 
pento*, casket, beech, decease*, death, “put to sleep”, doa, died, killed, “home bury” ~ 1, [“bury” and “home”]) 
and treatment field (search terms: euth*, pento*, crem*, casket, scatter, beech). The candidate cases were ran-
domly ordered and the clinical notes of a subset of candidates were manually reviewed in detail to evaluate for 
case inclusion. Case inclusion criteria as a confirmed death required evidence in the EPR that the dog had died 
at any date from January 1st 2016 to July 31st 2020. Animals without information about sex were excluded from 
the final sample.

After descriptive statistics for summarising the demographics of the sample were conducted, a hypothetical 
cohort life table for the UK companion dog population was constructed with all dogs in the  dataset8. Life tables 
for subpopulations (mentioned below) were also built: all life tables needed to have a minimum of 3 dogs in each 
given year interval and 11 dogs at the last year interval. A minimum of 3 dogs in each given year interval was 
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decided to ensure a sample variance that takes the advantage of averaging (i.e., the denominator will be > 1) for 
“mean fraction of last year of life lived by dogs died in [x, x + 1)” ( ̂ax ). Because the estimation of life expectancy 
at each year interval takes into account all dogs died at that age and after, the number of dogs at a single year 
interval does not play a major role in the estimation of 95% CI of the life expectancy. Thus, we only set the number 
limit of dogs for the last year interval. Based on the criteria, life tables were also constructed for (a) male and 
female dogs, (b) neutered and entire dogs for both sexes (c) dogs of different KC breed groups (Gundog, Hound, 
Pastoral, Terrier, Toy, Utility, Working, and non-KC recognised), and (d) crossbred and 18 breeds of dogs. All 
the life tables were complete life tables (i.e., life tables with an age interval of 1 year), except for the final interval 
which could extend beyond one year.

Table 1 presents the parameters in the life table and their definition and equations. The life expectancy at age 
0 equates to the mean age at death of dogs across all ages.

Data cleaning (including removal of dogs (a) died before January 1st 2016 or after July 31st 2020, (b) with 
negative lifespan, (c) without birth or mortality information, (d) without sex information) and management were 
performed in Microsoft Excel 2013 (Microsoft Corp.) and in R programme version 4.0.2 in RStudio interface 
version 1.3.107326,27. Descriptive analyses were facilitated by the “tidyverse”  package28. Life table construction 
was performed in R, and the 95% confidence interval for life expectancy at different years was generated using 
empirical bootstrapping with 10,000  iterations29. An iteration of the life table would be taken into the estimation 
of 95% confidence interval only if it met the criteria for a life table stated above. R codes to generate a complete 
cohort life table and the confidence interval can be found online: https:// github. com/ kendy teng/ OpenA ccess/ 
tree/ main/ lifet able_ dog_ vc_ 2016.

Ethics approval and consent to participate. Ethics approval was obtained from the RVC Ethics and 
Welfare Committee (SR2018-1652). No human data were included in the current study.

Results
Demography. The sampling frame included 876,039 dogs with at least one clinical record during 2016 from 
886 clinics in the VetCompass™ database. The geographic spread of the clinics with available postcode data 
included England (90.4%), Scotland (3.9%), Wales (3.7%), Northern Ireland (1.7%) and Channel Islands (0.3%). 
Initial screening identified 97,860 candidate death cases at any date from 1st January 2016 to 31st July 2020. Fol-
lowing a manual review of 32,390 (33.1%) of the candidate cases and excluding 72 dogs without a record of sex, 
the current study analysis included 30,563 (94.4% of candidates) confirmed deceased dogs. The success rate of 
the combined search terms to correctly identify deceased dogs was 94.6% (30,635/32,390).

Among the 30,563 dogs, 14,574 (47.7%) were female. There were 17,546 (57.4%) neutered dogs, of which 
61.4% (n = 8951) were female. There were 23,963 (78.4%) purebred dogs, 6511 (21.3%) crossbred dogs, and 89 
(0.3%) dogs without recorded breed information. Among 23,414 dogs of KC-recognised breeds, there were 5354 
(22.9%) Gundogs, 1329 (5.7%) Hounds, 2451 (10.5%) Pastorals, 6055 (25.9%) Terriers, 3334 (14.2%) Toys, 2707 
(11.6%) Utilities and 2184 (9.3%) Workings. In total, the analytic dataset included 263 ‘purebred’ breeds along 
with a ‘crossbred’ grouping. The number and percentage of each breed is in Supplementary File 1. There were 
18 breeds included in the life table analyses, accounted for 50.6% of the population. The breeds were: Ameri-
can Bulldog (n = 126), Beagle (n = 171), Border Collie (n = 938), Boxer (n = 831), Cavalier King Charles Spaniel 
(n = 861), Chihuahua (n = 453), Cocker Spaniel (n = 1063), English Bulldog (n = 476), French Bulldog (n = 229), 
German Shepherd Dog (n = 1097), Husky (n = 153), Jack Russell Terrier (n = 1614), Labrador Retriever (n = 2481), 
Pug (n = 196), Shih-tzu (n = 635), Springer Spaniel (n = 785), Staffordshire Bull Terrier (n = 2347), and Yorkshire 
Terrier (1039). There were 5188 (17.0%) dogs recorded with health insurance.

Life table. Table 2 shows the overall life table for the UK companion dog population. The life expectancy at 
age 0 for UK companion dogs was 11.23 (95% CI: 11.19–11.27) years, with life expectancy decreasing with age. 
The probability of death at each year interval increased with age with an exception of year interval 1–2 (0.017) to 
2–3 (0.016). The probability of death within each year interval remained at or below 0.02 before year 5, and the 
increase in the probability became prominent after around year 6–7.

Female dogs (11.41; 95% CI: 11.35–11.47) had a longer life expectancy than male dogs (11.07; 95% CI: 
11.01–11.13) at age 0 (Tables S1 and S2 in Supplementary File 2). This trend towards greater annual female life 
expectancy persisted until individuals were 12 years of age, after which the life expectancy of both sexes became 

Table 1.  Parameters used in a life table. *Lifespan of dogs dying in the year interval [x, x + 1).

Parameter Definition Equation

dx Number of dogs dying in the year interval [x, x + 1)

lx Number of dogs living at year x ( n denotes the starting point for the final year interval)
∑n

i=x di

q̂x Probability of dogs dying in the year interval [x, x + 1) q̂x = dx/lx

âx Mean fraction of last year of life lived by dogs died in the year interval [x, x + 1) âx =

∑
(lifespan∗−x)

dx

Lx Number of dog-years lived in the year interval [x, x + 1) Lx = (lx − dx)+ âx ∗ dx

Tx Number of dog-years lived beyond year x
∑n

i=x Li

êx Life expectancy at year x êx = Tx/lx

https://github.com/kendyteng/OpenAccess/tree/main/lifetable_dog_vc_2016
https://github.com/kendyteng/OpenAccess/tree/main/lifetable_dog_vc_2016
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similar. When adding neuter status into consideration, a substantially higher probability of death in entire female 
(year 10 and before) and male (year 4 and before) than their neutered counterparts was observed (Tables S3 to S6 
in Supplementary File 2). Entire females (10.50; 95% CI: 10.38–10.61) and males (10.58; 95% CI: 10.48–10.68) 
had a similar life expectancy at age 0 and life expectancy trajectory (Fig. 1), whereas both neutered females 
(11.98; 95% CI: 11.91–12.04) and males (11.49; 95% CI: 11.42–11.57) had an elevated life expectancy at age 0 
when compared to their non-neutered counterparts, especially females.

Among the KC breed groups and dogs of breeds not recognised by the KC, Terrier had the longest life 
expectancy at age 0 at 12.03 (95% CI: 11.94–12.2) years, followed by Gundog (11.67 years; 95% CI: 11.59–11.76), 
non-KC recognised dogs (11.66 years; 95% CI: 11.56–11.76), Pastoral (11.20 years; 95% CI: 11.06–11.35), Hound 
(10.71 years; 95% CI: 10.53–10.89), Toy (10.67 years; 95% CI: 10.54–10.81), and Utility (10.06 years; 95% CI: 
9.89–10.23) (Fig. 2). Working dogs’ life expectancy was shorter than all the other groups at all ages, with a life 
expectancy of 9.14 (95% CI: 9.01–9.27) years at age 0. However, comparative patterns of life expectancy between 
the breed groups at age 0 were not necessarily maintained later into life. For instance, Hound and Toy groups 
had a similar life expectancy at age 0 but diverged soon after this to reach a difference of 0.76 years (higher in 
Toy) at year 12. The life table of Hound ended at year 17 with a life expectancy of 0.52 (95%CI: 0.27–0.77) years, 
whereas Toy dogs at year 19 still can be expected to live for 0.66 (95%CI: 0.44–0.87) years. Supplementary File 
2 (Tables S7 to S14) contains the life tables for the breed groups.

Life tables for the 18 breeds and crossbred varied widely (Table 3) and can be found in Supplementary File 
2 (Tables S15 to S33). The last age of the life tables ranged from 11 in French Bulldogs to 19 in Jack Russell Ter-
rier. Jack Russell Terrier had the greatest life expectancy at age 0 at 12.72 (95% CI: 12.53–12.90) years, followed 
by Yorkshire Terrier (12.54 years; 95% CI: 12.30–12.77), Border Collie (12.10 years; 95% CI: 11.85–12.33) and 
Springer Spaniel (11.92 years; 95% CI: 11.69–12.13). Compared to other breeds, many brachycephalic breeds (i.e., 
breeds of dogs with a short, flat face) had a relatively short life expectancy at age 0, with French Bulldog having 
the shortest at 4.53 (95% CI: 4.14–5.01) years, 2.86 years less than the value for English Bulldog (7.39 years; 95% 
CI: 7.08–7.69). To explore the longevity of the dogs of different breeds, we examined the earliest age at which 
the life expectancy dropped below 1.5 years (1.5 years was chosen because the life expectancy at the last year of 
all breeds was less than this value; Fig. 3). The life expectancy dropping below 1.5 years occurred in Chihuahuas 
at year 15–16, followed by Jack Russell Terrier, crossbred dogs and Yorkshire Terrier at year 14–15. English 
Bulldog was the earliest to reach the life expectancy of 1.5 years (year 9–10), followed by Boxer, French Bulldog 
and American Bulldog at year 10–11.

The probability of death was lower in year 0–1 than year 1–2 in most breeds [American Bulldog (0.024; 0.065), 
Border Collie (0.012; 0.020), Boxer (0.005; 0.016), English Bulldog (0.040; 0.055), Cocker Spaniel (0.012; 0.013), 
French Bulldog (0.131; 0.136); German Shepherd Dog (0.013; 0.020), Husky (0.026; 0.047), Jack Russell Terrier 
(0.009; 0.009); Labrador Retriever (0.007; 0.009), Springer Spaniel (0.006; 0.006) and Staffordshire Bull Terrier 
(0.011; 0.012)]. Some breeds, including American Bulldog, Chihuahua, English Bulldog, French Bulldog, Husky 

Table 2.  Cohort life table of dogs under primary veterinary care in the UK. Each column is a feature of a 
typical life table.

Age (year) [x, x + 1)
Number of dogs 
died in [x, x + 1) ( dx)

Number of dogs 
living at x ( lx)

Probability of dogs 
dying in [x, x + 1) 
( ̂qx)

Mean fraction of 
last year of life lived 
by dogs died in [x, 
x + 1) ( ̂ax)

Number of dog-
years lived in [x, 
x + 1) ( Lx)

Number of dog-
years lived beyond 
x ( Tx)

Life expectancy at 
x ( ̂ex)

0–1 514 30,563 0.017 0.42 30,263.84 343,221.39 11.23 (11.19–11.27)

1–2 481 30,049 0.016 0.52 29,819.18 312,957.55 10.41 (10.37–10.46)

2–3 482 29,568 0.016 0.45 29,304.56 283,138.37 9.58 (9.54–9.61)

3–4 489 29,086 0.017 0.48 28,829.65 253,833.80 8.73 (8.69–8.76)

4–5 559 28,597 0.020 0.48 28,304.73 225,004.16 7.87 (7.83–7.90)

5–6 677 28,038 0.024 0.47 27,679.76 196,699.43 7.02 (6.98–7.05)

6–7 892 27,361 0.033 0.46 26,883.05 169,019.67 6.18 (6.14–6.21)

7–8 1254 26,469 0.047 0.51 25,853.71 142,136.63 5.37 (5.34–5.40)

8–9 1730 25,215 0.069 0.50 24,344.36 116,282.92 4.61 (4.58–4.64)

9–10 2265 23,485 0.096 0.49 22,333.50 91,938.56 3.91 (3.89–3.94)

10–11 2852 21,220 0.134 0.48 19,746.67 69,605.06 3.28 (3.25–3.31)

11–12 3449 18,368 0.188 0.50 16,637.57 49,858.39 2.71 (2.69–2.74)

12–13 3645 14,919 0.244 0.47 13,001.49 33,220.82 2.23 (2.20–2.25)

13–14 3785 11,274 0.336 0.48 9303.98 20,219.32 1.79 (1.77–1.82)

14–15 3126 7489 0.417 0.44 5743.64 10,915.34 1.46 (1.43–1.48)

15–16 2249 4363 0.515 0.43 3070.22 5171.70 1.19 (1.15–1.22)

16–17 1253 2114 0.593 0.39 1348.90 2101.48 0.99 (0.95–1.03)

17–18 542 861 0.630 0.38 522.78 752.58 0.87 (0.82–0.93)

18–19 218 319 0.683 0.32 170.71 229.81 0.72 (0.64–0.80)

19–20 78 101 0.772 0.33 48.41 59.09 0.59 (0.47–0.71)

20 and over 23 23 1.000 0.46 10.68 10.68 0.46 (0.26–0.70)
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and Pug had a probability of death before reaching adulthood (before year  230) much higher than the overall 
dogs (0.017 in year 0–1 and 0.016 in year 1–2).

Figure 1.  Life expectancy and the 95% confidence interval for female and male dogs at different ages (year) 
under primary veterinary care in the UK.

Figure 2.  Life expectancy and the 95% confidence interval for dogs of different Kennel Club breed groups 
under primary veterinary care in the UK.
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Discussion
This study presents the first cohort life tables for the UK dog population and dogs of different characteristics, 
including sex, neuter status, KC grouping and 18 breeds and crossbred dogs. These tables offer information about 
annual life expectancy and annual probability of death, which has been unavailable from conventional longevity 
studies in UK companion dogs to date. With the ongoing accumulation and accessibility of death information 
from Big Data resources such as VetCompass in the future, the construction of life tables for increasing numbers 
of breeds of dogs and also for other companion animal species should expand. The current study provides proof 
of concept for the development of (hypothetical) cohort life table construction in companion animals and also 
shares open-access R codes to contribute to these wider purposes (see “Materials and methods”).

Based on the mathematical and biological plausibility, a valid life table should exhibit the highest life expec-
tancy at age 0 which decreases with  age8,15,31. The probability of death may be higher in infancy as the immune 
system continues to mature in the postnatal period, for both humans and  dogs32. In dogs, the immune system 
takes approximately one year for full  maturity32. In the most recent life tables of humans in the UK, Australia and 
the US, the probability of death appeared the lowest in ages of 7–11 years (i.e., the onset of senescence) before 
showing an increasing trend until the end of the table (i.e., life)15,33,34. Our overall life table in dogs satisfied the 
condition of decreasing life expectancy and had the lowest annual probability of death ( ̂qx) before reaching 
adulthood at year  230, similar to the life tables in humans. Some life tables constructed in the current study did 
not follow this trend in the probability of death, for example, the life tables for neutered males and females. These 
life tables will be discussed below.

The life expectancy at age 0 reported in the current study for dogs under primary veterinary care in the UK 
in 2016 was 11.23 years (11.19–11.27), 2.47 years shorter than the life expectancy at age 0 (both 13.7 years) in 
the two life tables of Japanese dogs constructed using pet insurance and pet cemetery data, discussed  above10,17. 
Differing data sources for the study populations might partially contribute to this substantial variation. Insured 
dogs may represent a subset of dogs that live longer than those without insurance, as they may receive more or 
additional veterinary care, due to alleviated economic constraints on the  owners35,36. Moreover, dog breeds of 
high disease risk such as brachycephalic breeds might be under-represented in some insurance data than the 
general population due to the elevated cost to insure and special rules of reimbursement applied to these breeds 
in some insurance  companies37,38. Breed demographics are likely to differ between these two counties. Breeds 
of toy or small size have a longer life expectancy than larger-sized dogs and are more common in Japan than in 
the  UK1,5,10,17. In contrast, breeds of large and medium sizes, as well as brachycephalic dogs, are more popular in 
the  UK39, which present shorter life expectancies. These demographic differences will influence country-level 
life expectancy estimates at age 0. However, it appeared that even within the same breeds, the life expectancy 
of dogs in Japan was considerably higher than those in the  UK10, such as Labrador Retriever (UK = 11.77 and 
Japan = 14.1 years), Shih Tzu (UK = 11.05 and Japan = 15.0 years), Beagle (UK = 9.85 and Japan = 14.8 years), 
Pug (UK = 7.65 and Japan = 12.8 years), and French Bulldog (UK = 4.53 and Japan = 10.2 years). Variation in 

Table 3.  Key statistics extracted from the life tables of 18 individual dog breeds and of crossbred, including the 
life expectancy at age 0 and at the last age, using the data of dogs under primary veterinary care in the UK.

Breed

Life expectancy ( ̂e  ) at age 
0 and the 95% confidence 
interval (CI)

Last age (year) in the life 
table

ê  at the last age (year) 
in the life table and the 
95% CI

Year interval when ê  
become 1.5

Number of dogs in the 
life table

Jack Russell Terrier 12.72 (12.53–12.90) 19 0.66 (0.39–0.97) 14–15 1620

Yorkshire Terrier 12.54 (12.30–12.77) 18 0.74 (0.45–1.05) 14–15 1042

Border Collie 12.10 (11.85–12.33) 17 0.68 (0.42–1.00) 13–14 942

Springer Spaniel 11.92 (11.69–12.13) 16 0.73 (0.47–1.03) 12–13 790

Crossbred 11.82 (11.72–11.92) 19 0.54 (0.36–0.76) 14–15 6511

Labrador Retriever 11.77 (11.67–11.89) 16 0.51 (0.34–0.71) 12–13 2500

Staffordshire Bull Terrier 11.33 (11.19–11.48) 18 0.61 (0.29–0.97) 13–14 2364

Cocker Spaniel 11.31 (11.13–11.53) 16 0.51 (0.33–0.70) 12–13 1073

Shih-tzu 11.05 (10.73–11.40) 17 0.83 (0.48–1.26) 13–14 638

Cavalier King Charles 
Spaniel 10.45 (10.26–10.62) 15 0.77 (0.48–1.10) 11–12 867

German Shepherd Dog 10.16 (10.00–10.370 15 0.79 (0.50–1.14) 11–12 1110

Boxer 10.04 (9.85–10.21) 15 0.83 (0.29–1.46) 10–11 836

Beagle 9.85 (9.17–10.24) 14 1.08 (0.62–1.59) 12–13 172

Husky 9.53 (8.71–9.88) 14 1.02 (0.49–1.60) 12–13 154

Chihuahua 7.91 (7.48–8.39) 16 1.07 (0.67–1.52) 15–16 458

American Bulldog 7.79 (7.16–8.33) 12 1.48 (0.95–2.03) 10–11 129

Pug 7.65 (6.99–8.20) 13 1.17 (0.75–1.63) 11–12 197

English Bulldog 7.39 (7.08–7.69) 13 0.59 (0.35–0.82) 9–10 478

French Bulldog 4.53 (4.14–5.01) 11 1.39 (0.84–1.98) 10–11 232
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estimates may be partly due to sampling effort, as the life expectancy tables from Japan were created using a 
smaller sample size.

While female dogs (11.41; 95% CI 11.35–11.47) showed a longer life expectancy at age 0 than male dogs 
(11.07; 95% CI 11.01–11.13), this phenomenon was moderated by neuter status. Entire animals of both sexes 
showed similar trajectories of life expectancy from age 0 onwards. However, neutering was associated with an 
elevated life expectancy at age 0 for both sexes compared to their entire counterparts, and this longevity advantage 
from neutering was higher in female dogs than in male dogs. A similar survival advantage for neutered animals 
has been reported in several  studies1,40,41, but most data, including the current study, generated these results 
by dichotomising dogs into neutered or entire without taking into account the duration of gonadal hormone 
exposure before the neutering. Neutered animals in these cited studies would have already lived to the age of 
neutering, biasing their life expectancy towards greater length, highlighted by the lowered probability of death 
at year 0–1 in neutered dogs. As veterinarians may often recommend early neutering for female dogs, sometimes 
before the start of the oestrus  cycle42 or soon after the first  cycle43, neutering of females may occur earlier in life 
than neutering for  males43. Therefore, the gap of true life expectancy between the sexes due to neutering might 
be even wider than reported here. Neutering may also act as a proxy for stronger owner responsibility and better 
care, as it is often considered responsible dog ownership. Thus, neutered animals may benefit from additional 
survival advantages related to enhanced owner  care43. Neutering may directly affect the risks of various health 
conditions and therefore shift life expectancy as a  result41. In female dogs, neutering reduces or eliminates the 
risk of pyometra, a potentially life-threatening condition that occurs in 2% of entire female dogs under 10  years44. 
Neutering is linked to a reduced risk of tumours within reproductive organs and various cardiovascular diseases, 
but an increased risk of joint disorders and several types of tumours such as lymphoma and hemangiosarcoma, 
especially in  females45. Due to the complexity stated above, our life tables for neutered dogs should be interpreted 
with great caution.

For the 18 breeds and the crossbred category, the number of years contained in the tables, life expectancy and 
the probability of death at different ages varied widely. Relatively shorter life expectancy at specific year points 
can be taken as evidence that events and processes eventually leading to mortality are occurring earlier in life 
in these populations than some other populations, so these populations may have generally poorer health than 
some other  populations30,46. If the distribution of external factors that may lead to differences in the life expec-
tancy and the probability of death (e.g. severe disease epidemics and/or substantial differences in the level of 

Figure 3.  Relation between the life expectancy at year 0 and year interval in which the life expectancy became 
1.5 in 18 breeds and crossbred under primary veterinary care in the UK.
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veterinary and owner care) do not depend on the breeds, it may be safe to assume that part of the life expectancy 
difference is contributed by internal factors driven by the genetic make-up of the breeds. Breed predisposition 
to particular disorders is a well-identified  phenomenon47. Breeds that show high levels of potentially life-threat-
ening predispositions that start early in life are likely to have a higher probability of death at younger ages and 
therefore a decreased life expectancy. Indeed, four brachycephalic breeds (French Bulldog, English Bulldog, Pug 
and American Bulldog) that showed the shortest life expectancy at year 0 of all 18 breeds in our results are also 
reported with several predispositions to life-limiting disorders that occur early in life, such as brachycephalic 
obstructive airway syndrome, spinal disease and  dystocia48–51.

Lifespan variations between breeds were explored by examining the association between the breed life expec-
tancy at age 0 and the year interval at which the life expectancy reached 1.5. Generally, life expectancy at age 0 
and the year interval in which the life expectancy became 1.5 were positively associated, as would be expected: 
breeds that lived longer were also older when they reached an age with 1.5 years of life expectancy. However, 
although Chihuahuas showed a life expectancy at age 0 of only 7.91, the year interval in which the life expec-
tancy became 1.5 was year 15–16, the highest of all the breeds, indicating a high variation of lifespans among 
Chihuahuas. A lowered life expectancy at age 0 suggests an increase in mortality of younger-aged dogs (whose 
mortality is usually low), and the life expectancy becoming 1.5 years at a later age implies more dogs also living 
to advanced age; both increase the variation of  lifespans11. In our results, the probability of death before year 
13–14 was higher (and much higher before year 4) in Chihuahua than for dogs overall, which became lower 
after that. It was also observed in French Bulldogs that a low life expectancy at age 0 (4.55 years) and relatively 
old year interval when the life expectancy became 1.5 years (year 10–11, more than twice as long as the life 
expectancy at age 0) and that their probability of death was rather uniform across all ages. However, although 
the high variation of lifespans of French Bulldogs could be due to high health risks in early  life49–52 and a rela-
tively small sample size (n = 232), it may partly be attributed to recent soaring  popularity53. The number of KC 
registered French Bulldogs in the UK rose steeply from 2771 in 2011 to 39,266 in  202039, suggesting that the 
population of French Bulldogs (and other breeds sharing a similar rising trend in popularity) in our dataset 
are biased towards younger dogs that contribute proportionately more deaths in younger ages in the life table. 
In contrast, breeds with a decreasing trend in popularity may have an underestimated probability of death at 
younger ages, resulting in overestimated life expectancy. Previous studies have also shown the rising popularity 
of certain breeds and the association of rising popularity with lower median  age54–60. Hypothetical cohort life 
tables are more susceptible to the influence of population instability, which is common in dogs due to sudden 
and dramatic fad-like changes in breed  popularity61. This can be avoided by implementing current or real cohort 
life tables instead if such data were available.

Thirteen of the 18 breeds had a lower probability of death in year 0–1 than year 1–2 in the life tables, 
some slightly and others substantially. This finding goes against the evidence that mortality is higher in puppy 
(0–26 weeks) and juvenile (27–52 weeks) periods than young adult period (1–2 years) and empirical results in 
human life  tables15,33,34. This may, in part, be due to substantial puppy mortality occurring before individuals 
can be registered to a primary veterinary clinic resulting in these deaths not appearing in the current dataset. A 
more accurate estimation of life expectancy from birth would be possible if all the currently unavailable puppy 
mortality information could be recovered.

Life tables in companion animals offer extensive applications. Similar to a common application for human 
life table studies, comparison between life tables can support deeper insight into the health of dogs of differing 
demographics such as sex and breed over time and  space62,63. When life tables are generated periodically for 
a specific population, changes in the life expectancy and the probability of death at specific ages can indicate 
changes in the general health and welfare of the population. Comparison of life tables among the populations 
of different traits such as breed or conformation can also identify less healthy or more vulnerable  populations62, 
as demonstrated in our study (especially for breeds). Advanced life table modelling can offer useful information 
allowing the quantification of disease burden on health and welfare in human and companion  animals2,64,65. 
Quantification of disease burden is important because it can assist with the prioritisation of health conditions 
for targeted  reform66–68. Coupling these findings with cost-effective analysis on disease prevention and control 
can assist to allocate resources to priority health conditions and achieve efficient improvements in the health 
and welfare of the overall  population69. The value of disease burden quantification has been demonstrated by 
the Global Burden of Disease project of the World Health Organization to improve human  health70. The Global 
Burden of Disease uses the Disability-Adjusted Life Year framework that incorporates life tables as part of the 
methodology to quantify the burden of many diseases (369 diseases and injuries in 2019)64,65. The Disability-
Adjusted Life Year has been adapted into the Welfare-Adjusted Life Years (WALY) to quantify the burden of 
common diseases on dogs’  welfare2. The WALY constitutes two elements, (a) years lived with impaired welfare, 
which is the years having a certain disease weighted by its severity and (b) years of life lost due to the premature 
death caused by the disease or resulting assisted death. Future life table modelling that accounts for comorbidity 
and demographics of dogs can offer information about years of life lost based upon the life expectancy at the age 
of death for the individual animal affected.

Life tables highlight the value of interpreting life expectancy annually, especially at older ages, where differ-
ences in life expectancy between ages become narrower. Thus, the current authors propose that life table literacy 
is important for veterinary professionals, shelter staff, and dog owners because it can optimise decision-making 
and subsequently can positively impact dog welfare. Life table literacy will promote realistic expectations for 
the life expectancy of dogs at different ages, helping to make treatment plans for illness and end of life decisions. 
Shelters and charities can also incorporate this information in the adoption process ensuring that potential dog 
owners understand the expected length of ownership commitment required for dogs of different breeds, ages, 
and neuter status.
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With the foundations for canine life table science built by the current work, we hope to generate further 
examples of life tables for both dogs and cats using the VetCompass data in the future. The current study provides 
a proof of concept that can support future research looking to construct life tables for dogs and cats as a periodic 
recurring endeavour. Consequently, changes in the life expectancy, mortality, and health of companion dogs 
and cats can be tracked similarly to how it is in human  demography15,16. For future life table construction, we 
hope to incorporate other sources of information such as KC annual registry data and dog insurance data with 
further modelling, which will help to produce even more accurate life  tables71.

This study had some additional limitations to those discussed above. Firstly, the high frequency of euthanasia 
in companion dogs highlights the potentially underestimated life expectancy compared to unassisted  death72. 
This is especially biased by euthanasia undertaken for non-life-threatening reasons such as undesirable behav-
iours, economic reasons or  convenience35,73. Consequently, differing cultures between countries for euthanasia 
in dogs might substantially influence national life tables. Another limitation is the sole inclusion of primary 
veterinary practice-attending dogs. Thus, our results might be less representative of unowned dogs or dogs not 
attending veterinary clinics. Also, some dogs that died at home or in emergency out-of-hours clinics might be 
excluded from the current data, although the data did capture all deaths away from the clinics that were reported 
by owners to the veterinary clinics at any time. Lastly, the sample sizes for some of the 18 breeds (e.g. American 
Bulldogs, Beagle, English Bulldog, French Bulldog, Husky and Pug) were relatively small, resulting in life tables 
with reserved confidence.

Conclusion
The current study has produced the first life tables for dogs in the UK, reporting annual life expectancy and 
probability of death for the UK companion dog population, dogs of different sex and neuter status, breed groups 
and also for 18 breeds and crossbred dogs. We report an elevated life expectancy in neutered dogs compared to 
entire dogs and wide variation in life expectancy between breeds, with Jack Russell Terrier and Yorkshire Terrier 
having the highest and some brachycephalic breeds showing the lowest life expectancy at age 0. The construc-
tion and application of life tables offers great potential for companion animal health and welfare sciences but is 
still in its infancy. Life tables generated in the current study promote not only a better understanding of the life 
trajectory of dogs but also offer several applications for the veterinary profession and research to improve the 
health and welfare of dogs.

Data availability
The datasets generated and analysed during the current study are publicly available on the RVC Data Repository 
at https:// rvc- repos itory. workt ribe. com/ output/ 15582 10. R codes for cohort life table construction and all life 
tables generated by the current study can be found at https:// github. com/ kendy teng/ cohort_ lifet able.
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