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There are few recent and methodologically robust life expectancy (LE) tables for dogs or cats. This study aimed to generate LE tables for these species with clinical records from >1,000 Banfield Pet hospitals in the USA. Using Sullivan's method, LE tables were generated across survey years 2013–2019, by survey year, and for subpopulations defined by sex, adult body size group (purebred dogs only: toy, small, medium, large and giant), and median body condition score (BCS) over life. The deceased population for each survey year comprised animals with a recorded date of death in that year; survivors had no death date in that year and were confirmed living by a veterinary visit in a subsequent year. The dataset totaled 13,292,929 unique dogs and 2,390,078 unique cats. LE at birth (LEbirth) was 12.69 years (95% CI: 12.68–12.70) for all dogs, 12.71 years (12.67–12.76) for mixed-breed dogs, 11.18 years (11.16–11.20) for cats, and 11.12 (11.09–11.14) for mixed-breed cats. LEbirth increased with decreasing dog size group and increasing survey year 2013 to 2018 for all dog size groups and cats. Female dogs and cats had significantly higher LEbirth than males: 12.76 years (12.75–12.77) vs. 12.63 years (12.62–12.64), and 11.68 years (11.65–11.71) vs. 10.72 years (10.68–10.75), respectively. Obese dogs (BCS 5/5) had a significantly lower LEbirth [11.71 years (11.66–11.77)] than overweight dogs (BCS 4/5) [13.14 years (13.12–13.16)] and dogs with ideal BCS 3/5 [13.18 years (13.16–13.19)]. The LEbirth of cats with BCS 4/5 [13.67 years (13.62–13.71)] was significantly higher than cats with BCS 5/5 [12.56 years (12.45–12.66)] or BCS 3/5 [12.18 years (12.14–12.21)]. These LE tables provide valuable information for veterinarians and pet owners and a foundation for research hypotheses, as well as being a stepping-stone to disease-associated LE tables.
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1. Introduction

Human health metrics and life expectancy computations have been used for centuries. The first quantification of life expectancy was reported in England in the 19th century (1). Life expectancy tables have diverse uses for humans, which include monitoring the overall health status of populations over time, exploring health inequalities in socio-economic groups, and charting the progress of less developed nations (2, 3). They are valuable for understanding the acute and long-term, direct and indirect effects of health conditions and medical interventions on survival. Life expectancy data can be used to inform planning for healthcare provisions, economic policies, life insurance premiums and pension annuities.

Accurately calculating the life expectancy of dogs and cats would be of greatest interest in helping to understand the benefits of preventative care and the success of increasingly advanced medical interventions. However, there are relatively few studies on lifespan or all-cause mortality in either of these species, especially in cats. Four studies in dogs have compiled age of death statistics from surveys of owners belonging to the UK Kennel club (4, 5), the Danish Kennel club (6) and owners on a UK insurance database or attending the Crufts dog show (7). Analyses of the primary-care veterinary records of both dogs (8) and cats (9) in England have provided age of death data as the percentage of pets dying within pre-specified age brackets. Kaplan-Meier survival curves for dogs attending the Banfield Pet Hospital network of primary care hospitals in the USA have been published (10), and a study of life-insured Swedish cats generated survival curves for cats using a methodology of age standardized cox regression (11). These studies have provided valuable data, but they do not provide the same information as life expectancy tables, which are a standard way of gauging the health status of large human populations.

Survival data are analyzed in two ways: the life-table method divides time into intervals and calculates survival in each interval; the Kaplan-Meier method calculates survival each time an event occurs (death). Both methods produce a graph (survival curve) that shows the cumulative probability (hazard ratio) of the event in the total period of observation. Kaplan-Meier survival analysis may be more appropriate for studies with longitudinal follow-up focused on the time until events occur. In contrast, the life-table methodology is a statistical technique that provides a summary of the mortality and life expectancy experiences of a large population of different ages. This study used life table methodology to analyze survival, in part to provide information equivalent to that for large human populations, and in part because of the high dropout rates of animals (right-censored individuals relative to animals with a confirmed date of death) due to discontinuity in veterinary visits in the clinical dataset.

Life expectancy tables for pets have been reported previously from a total of four studies in Japan and one in the UK (12–16). The oldest of these studies generated a life expectancy table using the cemetery records of 4,915 dogs in the Kyoto region of Japan that died between 1981 and 1982 (12). Similarly there was a census of 12,039 dogs from cemeteries in Tokyo between 2012 and 2015 (14). The only life expectancy tables found for cats were also from Japanese cemetery data in Tokyo (3,936 cats identified from between 1981 and 1982) (16). Using such data sources comprising only dead animals for a life-table methodology is unsatisfactory because of a “hidden” bias of right censorship, since they cannot account for animals in a cohort still alive at the time of sampling (17). This limitation did not apply to the fourth Japanese study, which generated life expectancy tables from the insurance records of 299,555 dogs insured between 2010 and 2011 and followed for 1 year (13). The first life tables for dogs in the UK were based on the VetCompass™ database of primary-care veterinary clinics, in which there were 30,563 dogs with at least one clinical record in 2016 and a confirmed death between January 2016 and July 2020 (15). Despite differences between studies in data sources and the computed life expectancy, they all found substantial differences in life expectancies between different dog sizes or breeds when this was investigated.

Other studies in dog populations comprising multiple breeds and both sexes have summarized overall ages of death without computing life expectancy tables (4–8). Age of death was 10 years (median) in a Danish survey of 2,928 purebred and mixed-breed dogs in 1997 (6), 10.33 years (median) in a survey of 5,663 Kennel Club-registered dogs in the UK in 2014 (4), 11.08 years (mean) in 3,000 British purebred and mixed-breed dogs (7), 11.25 years (median) in 15,881 purebred dogs in the UK over the 10 year prior to 2003 (5), and 12 years (median) in a UK VetCompass™ dataset of 5,095 dogs between 2009 and 2011 (8). Age-at-death data are scarce for cat populations comprising multiple breeds and/or mixed-breed cats. A study that used a random sample of 4,009 purebred and mixed-breed cats with confirmed deaths in the UK VetCompass™ database between 2009 and 2012 reported a median age of death of 14.0 years [interquartile range (IQR): 9.1–17.0] (9).

The more recent studies demonstrate the opportunities available in the current era of veterinary “big data”, which is giving researchers access to reliable and extensive high quality data over long periods of time (18). There is a need now to leverage the power of other large datasets to characterize life expectancy in countries with different disease risks, attitudes toward veterinary care, and accessibility of such care. Furthermore, life expectancy tables are needed for pets with and without specific known or hypothesized risk factors for disease, to help quantify the potential benefits of improving modifiable risk factors, and to support conversations with owners on proactive lifestyle choices for the health of their pets. Obesity in pets is a condition of particular interest. It is the most common nutritional disorder in companion animals (19), and obese dogs have a reduced lifespan compared with dogs of normal body condition (20), while severe obesity in cats is associated with reduced survival and reduced lifespan (21). Obesity in pets is associated with a wide range of functional impairments and health conditions (22–30) that could potentially have a direct or indirect impact on life expectancy. Examples include associations with diabetes mellitus (25, 26), metabolic derangements similar to some of those seen in metabolic syndrome in humans (31), and changes in the structure and function of the heart (29) and kidneys (24). The cause and effect of associations between obesity, health and reduced life expectancy or lifespan is a multifaceted and complex field of active research in both humans and pets. Understanding the impact of obesity as either a risk factor for the development of specific diseases or as a consequence of them is important for preventative medicine, disease signalment and disease management.

The current study aimed to generate life expectancy tables for dogs and cats in the USA, computed for each survey year between 2013 and 2019, and across survey years according to breed size, sex, and body condition score (BCS). Clinical data were obtained from the electronic medical records (EMRs) of healthy and sick dogs and cats attending Banfield hospitals throughout the USA. Computations followed Sullivan's method for life expectancy tables, which can also account for health status assessed as a cross-sectional variable (32). This methodology is one of the most popular methods for life expectancy tables and is used by the World Health Organization.



2. Materials and methods


2.1. Study populations

The clinical dataset was derived from the EMRs of 1,152 different Banfield hospitals in the USA between January 1st, 2013, and July 31st, 2022. The number of hospitals varied between years due to the closure of some hospitals and the opening of new ones, however most hospitals contributed data for each of the 9 years of the study (n2013 = 854; n2014 = 893; n2015 = 933; n2016 = 984; n2017 = 1,015; n2018 = 1,044; n2019 = 1,074; n2020 = 1,084; n2021 = 1,069; n2022 = 1,054). All hospitals were linked by a proprietary practice management system (PetWare®) and data from all visits were uploaded to a central database, resulting in a large amount of aggregated, structured data.

The dataset was cleaned by removing animals with no recorded birth date, anomalous birth or death dates (date of birth posterior to visit, or date of death anterior to visit), a visit age >30 years, or incomplete data for sex, age or BCS. The resulting dataset is referred to as the cleaned dataset.

A deceased and survivor population for each survey year was identified from the clinical dataset as outlined in Figure 1; the sum of these two populations comprised the total study population for that year. Dogs and cats with no death date in the EMRs were only considered to be survivors for a specific year if there was a new hospital visit in any of the following study years. Dogs and cats with no death date and that only visited the clinic in the course of 1 year, with no return visits in a subsequent year of the study, were excluded because they could not be confirmed as either a survivor in any year or a deceased animal.


[image: Figure 1]
FIGURE 1
 Methodology used to build the study population in each calendar survey year from the clinical dataset.


The return rate of animal visits across all study years was calculated to support the validity of the range of years selected for the analysis. On average, dogs returned in 111 days and cats in 146 days; median return rate was 70 days (IQR: 21–169) for dogs and 90 days (21–190) for cats. The Tukey's outlier detection method applied to the return rate in days yielded an upper fence (UF = Q3 + 1.5*IQR) of 391 days for dogs and 443 days for cats. At least two full years of data after a survey year were needed for life table calculation. It was decided to analyze life expectancy in the dataset from January 1st, 2013 to December 31st, 2019. The last 2.5 years of data (January 1st, 2020 to July 31st, 2022) were used to define if a pet without a death date could be confirmed as a survivor in any of the previous years.

Subpopulations of each species were defined by sex (male or female), and median BCS was recorded for individuals between January 1st, 2013 and July 31st, 2022. The sterilization status was available in the clinical dataset, but it was not included in the study because of the way these data were collected. Pets that were sterilized at a certain age were identified as neutered from birth to death. This introduced a bias due to mortality in the first few months of life when pets were not yet spayed or neutered, which impacted the early mortality rate for entire animals. Body condition score was assessed on a 5-point scale between 2013 and 2018, and on a 9-point scale between 2018 and 2022. Data from the 9-point scale were converted to the 5-point scale (Table 1). Separate analyses were conducted for purebred and mixed-breed animals. Mixed-breed dogs were recorded as such in the database, whereas cats were identified as mixed breed if they were recorded as Domestic Short Hair, Domestic Long Hair, or Domestic Medium Hair.


TABLE 1 Conversion of BCS 9-point scale to BCS 5-point scale.

[image: Table 1]

In addition, the population of purebred dogs was subdivided into five size categories based on adult bodyweight: toy, small, medium, large and giant. Firstly, dogs weighing more than 70 and <0.5 kg were removed from the uncleaned dataset of purebred dogs. Bodyweight outliers for each breed were then excluded using the Tukey's outlier detection method (lower fence = Q1 − 1.5*IQR; upper fence = Q3 + 1.5*IQR). The average adult bodyweight of each breed in the resulting dataset was calculated from dogs aged 2–5 years, and was used to assign a size group (Table 2) to each breed in the cleaned dataset.


TABLE 2 Dog size groups.

[image: Table 2]



2.2. Construction of life tables

Life expectancy tables for dogs and cats were generated using the probabilistic approach of Sullivan's method (32), based on the deceased and survivor populations of dogs and cats described in Section 2.1. This methodology is applied in studies on human health assessments (33–38). Uncertainties were assessed with Monte Carlo methods (33, 34, 37, 39, 40).

The variables used in life table calculations were the number of dead pets d(x) in a 1-year age interval (x, x+1), and the study population size (dead plus living pets) at the mid-year point P(x). Central death rate was computed as [image: image]. Pets who died in the interval (x, x+1) had lived x complete years plus a fraction a(x) of the last year. It was assumed that deaths were uniformly distributed in each year interval, occurring on average midway in the age range (x, x+1); therefore a(x) was uniformly taken to be 0.5 (41).

The conditional probability of death in a 1-year age interval (x, x+1) was calculated as [image: image]. The number of pets surviving to age x, denoted as l(x), was estimated from a hypothetical population of 100,000 pets at birth i.e., l(0) = 100, 000. As these pets were assumed to be subject throughout their lives to the conditional probability of death in the 1-year age interval (x, x+1), the calculation was l(x) = (1−q(x−1))*l(x−1). The number of pet years lived at age x (any age other than the first year of life and the final age interval), denoted as L(x), was the sum of pets surviving until age (x+1) and the fraction a(x) of pets surviving in age interval (x, x+1), so that L(x) = l(x+1)+a(x)*(l(x)−l(x+1)). Given that a(x) = 0.5, the equation was simplified to [image: image]. For the first year of life, the assumption was made that 80% of the deaths happened in the first months of life, leading to L(0) = 0.2*l(0)+0.8*l(1). For the last age interval ω, as no information was available after this age, it was calculated as [image: image]. The total number of years lived beyond age x was [image: image]. The final equation for life expectancy at year x was [image: image]. Life expectancy at birth (LEbirth) corresponded to life expectancy for animals in the 0–1 age interval. Uncertainties were calculated with Monte-Carlo methods, with n = 1.106 iterations, drawing d(x) from a parametrized binomial distribution where each sample was equal to the number of successes over n trials, the probability of success being [image: image] and the number of successes P(x). Life expectancy e(x) was calculated n times, using the Monte-Carlo-derived d(x) in the previous equations. Confidence intervals (CIs) at the 95% level were calculated for each year using the mean e(x) and standard deviation [denoted as SLE(x)] for the n iterations: [image: image].

Life tables were generated for each species across all survey years, for each survey year, for the global population and the subpopulations defined in Section 2.1. For each subpopulation, the variables P(x) and d(x) specific to that subpopulation were used to recalculate the intermediate variables, m(x), q(x), l(x), L(x) and T(x). Only data for purebred dogs were used for life expectancy estimations by dog size group.



2.3. Software applications

Only structured data were extracted from the PetWare® database; there was no searching of free text entries. Software applications used for data processing and building life tables were Databricks (runtime 11.0, with Apache Spark 3.3.0) on Microsoft Azure, with Python 3.9.5 (libraries Numpy 1.20.3, Pandas 1.3.4, Lifelines 0.27.2 and Plotly 5.6.0).




3. Results


3.1. Study population

There were 64.76 million PetWare® visit records for 9.29 million unique dogs, and 9.85 million visits for 2.51 million unique cats. Of these animals, 1.74% dogs and 1.82% cats were removed to produce the cleaned dataset as described in the methods. The total population sizes (deceased and survivor combined) in the cleaned dataset are presented by survey year for each species in Figure 2A and Supplementary Table 1. Pets had a mean 2.5 visits during a survey year, and over the 9 years studied had a mean 6.3 visits and a median of three visits (IQR: 1–8). The percentage of dogs returning within 2 years after the survey year increased from 74.8% in 2013 to 77.6% in 2017, and subsequently decreased to 75.9% in 2019. For cats, the percentage of returns was 61.9% in 2013, it increased each year to a maximum of 65.4% in 2017, then it dropped to 62.5% in 2019 (Supplementary Table 2).


[image: Figure 2]
FIGURE 2
 Total population sizes (deceased and survivor) for life expectancy calculations. Dogs were categorized as purebred dogs in size groups toy, small, medium, large and giant, and as mixed-breed dogs. Cats were categorized as purebred and mixed-breed cats. Population sizes are presented by survey year (A), sex (B), age interval (C), and median body condition score (D). Body condition scoring was on a 5-point scale from 1 = very thin to 5 = obese. BCS, body condition score.


In summary, the mean total dog population size (deceased and survivor populations) was 1,899,048 individual dogs per year (26,099 giant, 592,413 large, 251,831 medium, 545,988 small, 409,204 toy, and 73,513 mixed breed). The mean deceased dog population was 85,651 per year, and a mean of 621,284 (25%) dogs were excluded each year on account of having no date of death and no additional visits in subsequent years (Figure 1). The mean age at death for dogs was 10.66 years, the median age at death was 11.57 years (IQR: 8.4–13.9), and the median survival time was 14.13 years.

The mean total population size for cats was 314,823 individuals per year (54,478 purebred and 287,345 mixed breed). The mean deceased cat population was 28,308 cats per year, and 172,523 (34%) cats per year were excluded according to the study methodology (Figure 1). The mean age at death was 11.15 years, the median age at death was 12.30 years (IQR: 7.0–15.7), and the median survival time was 15.7 years.

The overall proportion of male dogs was 52.0%; for purebred dogs it was 51.9, 53.7, 51.1, 51.2, and 55.9% for toy, small, medium, large and giant sizes, respectively, and for mixed-breed dogs it was 48.3% (Figure 2B; Supplementary Table 3). The proportion of males in the total cat population was 49.8% (45.9% for purebred and 50.5% for mixed-breed cats). In total, 91.3% of female and 86.6% of male dogs were sterilized. The percentage of sterilized cats was 96.1% for females and 96.9% for males.

Data were sparse for dogs and cats older than 17 years, and uncertainty in life expectancy calculations became unacceptably large. Therefore, dogs and cats living more than 17 years were grouped into an age interval of 17+ years. Figure 2C and Supplementary Table 4 show the distribution of population headcount by pet group and age interval. The cat population was smaller in each age interval compared with the dog population except for the age interval 17+ years, in which the cat population was more than two times larger than the dog population.

The median BCS was 3 for 72.7% of dogs (toy 77.0%, small 72.4%, medium 67.6%, large 71.9%, giant 79.4%, and mixed breed 72.3%) (Figure 2D; Supplementary Table 5). The prevalence of obesity (median BCS 5) was 1.5% (toy 1.2%, small 1.5%, medium 2.1%, large 1.6%, giant 1.0%, and mixed breed 1.4%). In the cat population, the median BCS was 3 for 58.5% of animals (purebred 62.4%, 57.7% mixed breed) (Figure 2D; Supplementary Table 5) and the prevalence of obesity (median BCS 5) was 3.6% (2.9% purebred, 3.7% mixed breed). The percentage of dogs with median BCS 3 increased each year from 68.7% in 2013 to 74.5% in 2019, while for median BCS 5 it decreased from 2.1% in 2013 to 1.3% in 2017, subsequently remaining constant until 2019. The percentage of cats with median BCS 3 increased from 53.2 to 60.3% between 2013 and 2019, whereas for median BCS 5 it decreased from 4.3% in 2013 to 3.5% in 2015, and then fluctuated between 3.5 and 3.3% until 2019 (Supplementary Table 6).

In summary, the study dataset for dogs covered all bodyweight size categories; the large and small dog sizes had the greatest representation. Less than 5% of dogs were of mixed breed, whereas in the cat dataset there were ~5 times more mixed-breed cats than purebred. For both cats and dogs the sex ratio was well-balanced between males and females, and the vast majority of both sexes in both species were sterilized. Median body condition was ideal for nearly three quarters of dogs and obese for 1.5%. In contrast, for cats, median body condition was ideal for slightly more than two thirds and obese for 3.6%.



3.2. Life expectancy tables

The global life expectancy table with intermediate variables is presented in Table 3 for dogs and Table 4 for cats. The life expectancy of dogs decreased by ~0.9 years each age interval between 1–2 and 7–8 years. Subsequently the decrease in life expectancy diminished from interval to interval, and from 12 to 13 years onwards, the decrease was <0.5 years per age interval. For cats, life expectancy decreased by approximately 0.7 years each age interval between 1–2 and 8–9 years. After this, the reduction in life expectancy decreased, and was 0.5 years or less after the 10–11 years age interval.


TABLE 3 Global life expectancy table for dogs (all purebred and mixed breed combined).

[image: Table 3]


TABLE 4 Global life expectancy table for cats (all purebred and mixed breed combined).

[image: Table 4]



3.3. Life expectancies by survey year

The LEbirth of dogs across all survey years and dog sizes was 12.69 years (95% CI: 12.68–12.70) (Table 2). Life expectancy at birth varied by dog size, being 9.51 years (9.45–9.58) for giant, 11.51 years (11.49–11.52) for large, 12.7 years (12.68–12.72) for medium, 13.53 years (13.52–13.55) for small, and 13.36 years (13.33–13.38) for toy (Supplementary Table 7). Mixed-breed dogs had an LEbirth of 12.71 years (12.67–12.76) (Supplementary Table 7). The LEbirth of cats across all survey years was 11.18 years (11.16–11.20) (Table 2). Life expectancy at birth varied by cat group, being 11.54 years (11.48–11.6) for purebred and 11.12 years (11.09–11.14) for mixed-breed cats (Supplementary Table 7).

The LEbirth increased progressively for survey years 2013–2018 for all dog size groups and for cats (Figure 3; Supplementary Table 7). A small decrease in life expectancy was observed in 2019 for toy and giant dog size groups and also for cats; the decreases were not significant for either species. Changes in cat LEbirth over successive survey years were greater than those for all size groups of dogs in all time periods, with the exception of the change between 2013 and 2014 for giant dogs. Across the entire study period, LEbirth increased by 0.72 years (5.62%), 0.66 years (5.0%), 0.56 years (4.51%), 0.48 years (4.27%), 0.6 years (6.59%), and 0.83 years (6.81%) for toy, small, medium, large, giant and mixed-breed dogs, respectively, and by 1.01 years (9.31%) for purebred and 1.41 years (13.69%) for mixed-breed cats.


[image: Figure 3]
FIGURE 3
 Life expectancies at birth of purebred and mixed-breed dogs and cats by survey year. Dogs were categorized as purebred dogs in size groups toy, small, medium, large and giant, and as mixed-breed dogs. Cats were categorized as purebred and mixed-breed cats. Error bars represent 95% confidence intervals.


Life expectancy for each age interval by survey year is presented in Figure 4 and Supplementary Table 8. For dogs, life expectancy was significantly higher in 2019 than in 2013 from the age interval 0–1 year to 15–16 years for toy and medium size groups, from 0–1 year to 16–17 years for small dogs, from 0–1 year to 13–14 years for large dogs, from 0–1 year to 8–9 years for giant dogs, and from 0–1 year to 11–12 years for mixed-breed dogs. Life expectancy was significantly higher in 2019 than in 2013 for mixed-breed cats at all age intervals, and for purebred cats from 0–1 year until 16–17 years.


[image: Figure 4]
FIGURE 4
 Life expectancies of purebred and mixed-breed dogs and cats by age interval and survey year. Life expectancies are shown for purebred dog size groups toy (A), small (B), medium (C), large (D) and giant (E), for mixed-breed dogs (F), for purebred cats (G), and for mixed-breed cats (H). Error bars represent 95% confidence intervals.




3.4. Life expectancies by sex

Female dogs had a slightly but significantly higher LEbirth than male dogs: 12.76 years (12.75–12.77) compared with 12.63 years (12.62–12.64) for males (Figure 5A; Supplementary Table 9). Life expectancy was significantly higher for female dogs over age intervals 0–1 year until 6–7 years compared with male dogs. From 11–12 years to 15–16 years male dogs had a significantly higher life expectancy than females. Sex differences in life expectancy varied according to dog size (Figure 6; Supplementary Table 10). Male toy dogs had a slightly but significantly higher LEbirth than female toy dogs [13.39 years (13.36–13.42) vs. 13.32 years (13.28–13.35)]. There were no significant sex differences in the life expectancy of small dogs in any age interval; LEbirth was 13.52 years for males (13.5–13.55) and 13.55 years (13.52–13.57) for females. In all other dog-size groups, females' LEbirth was significantly higher than that of males: medium 12.8 years (12.77–12.83) vs. 12.6 years (12.57–12.63), large 11.74 years (11.72–11.76) vs. 11.28 years (11.26–11.3), giant 9.76 years (9.66–9.85) vs. 9.33 years (9.24–9.41). Female mixed-breed dogs also had a significantly higher LEbirth than their male counterparts-−12.81 years (12.27–12.87) compared with 12.61 years (12.54–12.67).


[image: Figure 5]
FIGURE 5
 Life expectancies of dogs (A) and cats (B) by age interval and sex. Animal populations were all dogs and all cats regardless of size and breed. Error bars represent 95% confidence intervals.
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FIGURE 6
 Life expectancies of purebred and mixed-breed dogs and cats by age interval and sex. Life expectancies are shown for purebred dog size groups toy (A), small (B), medium (C), large (D) and giant (E), for mixed-breed dogs (F), for purebred cats (G), and for mixed-breed cats (H). Error bars represent 95% confidence intervals.


Female cats had a significantly higher LEbirth than male cats, by ~1 year [11.68 years (11.65–11.71) vs. 10.72 years (10.68–10.75)] (Figure 5B; Supplementary Table 9). Differences in life expectancies between cat sexes progressively decreased until the age of 16–17 years, at which point they were similar, with overlapping confidence intervals. The LEbirth of purebred and mixed-breed cats were ~1 year higher than those of their male counterparts: purebred 11.98 years (11.91–12.06) vs. 11.05 years (10.97–11.14), mixed breed 11.62 (11.58–11.65) vs. 10.66 (10.63–10.7) (Figure 6; Supplementary Table 10).



3.5. Life expectancies by body condition score

Dogs with median BCS 3 and dogs with median BCS 4 had similar LEbirth of 13.18 years (13.16–13.19) and 13.14 years (13.12–13.16), respectively (Figure 7A; Supplementary Table 11). Life expectancy was significantly higher for dogs with median BCS 3 vs. median BCS 4 over the age interval 1–2 year until 17+ years. Dogs with median BCS 5 had a significantly lower LEbirth [11.71 years (11.66–11.77)] than dogs with median BCS 3 or median BCS 4. This continued to be the case for life expectancies in subsequent age intervals until 15–16 years, when the difference between median BCS 5 and median BCS 4 was no longer significant, while the difference between median BCS 5 and median BCS 3 remained significant until the age interval 17+ years. Dogs with median BCS 1 or median BCS 2 had significantly lower life expectancies compared with dogs of all other median BCS at all age intervals; LEbirth was 1.54 years (1.49–1.60) and 3.91 years (3.86–3.97), respectively. The difference in life expectancy between dogs with median BCS 1 and those with median BCS 2 diminished progressively after the age of 2 years, but remained significant until the age of ≥17 years.


[image: Figure 7]
FIGURE 7
 Life expectancies of dogs (A) and cats (B) by age interval and median life-time body condition score. Animal populations were all dogs and all cats regardless of size, breed and sex. Error bars represent 95% confidence intervals. Body condition scoring was on a 5-point scale from 1 = very thin to 5 = obese. BCS, body condition score.


Cats with median BCS 3 [12.18 years (12.14–12.21)] had a significantly lower LEbirth than cats with median BCS 4 [13.67 years (13.62–13.71)] or median BCS 5 [12.56 years (12.45–12.66)] (Figure 7B; Supplementary Table 12). Life expectancy continued to be lower in cats with median BCS 3 compared with median BCS 4 until the age interval of 9–10, when it was 6.16 years (6.13–6.19) vs. 6.15 years (6.11–6.19). After the age interval 10–11 and until 17+ years, median BCS 3 cats had a greater life expectancy than median BCS 4 cats. Life expectancies were significantly higher for cats of median BCS 5 compared with median BCS 3 only for age interval 0–1, after which they were significantly lower. The average life expectancy over all age intervals was ~1.39 years for cats with median BCS 1, and 2.49 years for cats with median BCS 2.

The LEbirth of dogs by year of survey for median BCS 3 was 13.73 years (13.68–13.78) in 2013. This was significantly higher than for subsequent years, during which LEbirth increased slightly from 13.04 years (13.0–13.08) in 2014 to 13.15 years (13.12–13.18) in 2019, with few significant differences between years in this range (Figure 8A; Supplementary Table 13). The LEbirth of dogs with median BCS 5 also decreased between 2013 [11.47 years (11.3–11.63)] and 2014 [11.08 years (10.94–11.22)], but then increased by almost 1.5 to 12.57 years (12.42–12.72) in 2019. The mean LEbirth over all survey years for dogs with median BCS 1 was 1.51 years with no significant differences between years. For dogs with median BCS 3 or 4, the LEbirth was always significantly higher than that of dogs with BCS 5 regardless of the survey year.


[image: Figure 8]
FIGURE 8
 Life expectancies at birth of dogs (A) and cats (B) by year of survey and median life-time body condition score. Animal populations were all dogs and all cats regardless of size, breed and sex. Error bars represent 95% confidence intervals. Body condition scoring was on a 5-point scale from 1 = very thin to 5 = obese. BCS, body condition score.


The trends in LEbirth for cats were similar to those of dogs. Cats had a mean LEbirth over all survey years of 1.04 years with no significant differences between years in the survey (Figure 8B; Supplementary Table 13). The LEbirth for cats with median BCS 3 was 12.88 years (12.76–13.01) in 2013, dropping to 11.87 years (11.77–1.97) in 2014 before starting to increase slowly to 12.47 years (12.38–12.56) in 2018, falling back however to 12.19 years (12.1–12.27) in 2019. For cats with median BCS 5, there was an initial a drop in LEbirth from 12.12 years (11.85–12.39) in 2013 to 11.58 years (11.31–11.85) in 2014, followed by a 1.83 years increase in life expectancy between 2014 and 2019 [13.41 years (13.1–13.72)]. The LEbirth of cats with median BCS 4 was always significantly higher than that of cats with BCS 3 or 5 regardless of the survey year.




4. Discussion

This study generated annual life expectancy tables over a period of 7 years for dogs and cats aged from <1 to >17 years in the USA. Life expectancy tables were computed by survey year and by age in 1-year increments for each sex and each of five median BCS values.


4.1. Life expectancies overall and by size group or breed heritage

The overall LEbirth for dogs reported here [12.69 years (12.68–12.7)] was higher than that computed from the UK VetCompass™ dataset [11.23 years (11.19–11.27)] (15) and lower than that for dogs in two Japanese studies (13.7 years) (13, 14). The LEbirth in another Japanese study of dogs that died between 1981 and 1982 was only 8.3 years (12). This is more consistent with ours when consideration is given to the increase in life expectancy of dogs over time that we observed. The LEbirth by survey year increased by 1.3 months (0.93%) in each successive sampling year (Figure 2). A backwards projection estimates LEbirth to be 9.1 years for dogs in 1981. For comparative purposes with other studies, we also calculated the mean and median age of death of dogs; these were 10.55 and 11.47 years, respectively, which was within the range previously reported for dog populations comprising multiple breeds and both sexes (4–8).

Differences in overall life expectancy between studies might reflect in part different proportions of size categories, breeds and mixed-breed dogs. Japanese life tables by dog size showed the same order of decreasing LEbirth by size as observed in this study: small > toy > medium > large > giant (13). In an indirect comparison between the Japanese life expectancies and ours for size groups with the most comparable definitions, the LEbirth for small dogs was 14.2 years (14.0–14.4) compared with 13.53 years (13.52–13.55), respectively, and for toy dogs was 13.34 years (13.32–13.36) in japanese study and 13.36 years (13.33–13.38) in our study. The inverse relationship between dog size and longevity is well-described (42), however, even within a size category, the breed composition may affect the life expectancy computation. For example, in the UK, the two highest life expectancies by breed were for the Jack Russell Terrier (small size) and the Yorkshire terrier (toy size), but the Border Collie (medium size) ranked third and the Chihuahua (toy) ranked below this in 15th place (15).

Multiple other differences between studies might also explain differences in life expectancies: population size and source, case ascertainment, husbandry and veterinary practices of the countries concerned and the dates the data relate to. The life expectancy of insured dogs might be enhanced compared with uninsured dogs by both a greater willingness of owners to seek veterinary care and by representation of breeds predisposed to health conditions that incur higher insurance premiums. Frequency of veterinary visits could indicate the presence of a chronic health condition, but might also reflect participation in a wellness program of routine preventative veterinary care, including vaccination. The study country is likely to influence these and other factors. Dogs in the USA will have genetically different breeding lines from the UK and Japan. Broad cultural differences in human populations can affect the lifestyle, environment, and nutrition of their pets, as well as owners' access to and attitude toward veterinary interventions. In terms of methodological variations in life expectancy studies, the reliability of information from veterinary medical records such as used in this study may be different to that from owners, as used in the most recent Japanese cemetery survey (14). However, veterinary records will of course exclude all pets never visiting a veterinary clinic, which is likely to include many puppies dying between birth and weaning [e.g., 9% of purebred puppies in Norway (43)].

In the only life expectancy tables we found for cats the LEbirth was only 4.2 years, which is approximately 7 years less than in the current study (16). However, the data were from 1981 and 1982. In our study, life expectancy increased on average by 2.6 months (2.01%) each successive sampling year from 2013 to 2019 (Figure 2), and a backwards projection estimates LEbirth to be 5.42 years for cats in 1981.

Age-at-death data are also scarce for cat populations comprising multiple breeds and or mixed-breed cats. The median age-at-death of cats between 2009 and 2012 in a UK study was 14.0 years (IQR: 9.1–17.0) (9). This is substantially higher than for our population, which we calculated for comparative purposes to be 12.18 years (IQR: 6.7–15.6). It is difficult to attribute this difference to a specific factor or combination of factors, although the country context is likely to have played a role. Many of the inter-study differences in populations, methodology, pet husbandry and veterinary care that were discussed for dogs might also have contributed to differences in cat data. Another factor to consider is that in the USA, although the owned cat population exceeds the owned dog population, the mean number of veterinary visits per household per year was estimated to be 2.4 for dogs and 1.3 for cats in 2016, and the percentage of yearly routine or preventive care visits was 78.8% for dogs compared with 47.2% for cats (44). Our study population contained proportionately fewer cats than dogs between the ages of 3 and 11 years, and proportionally more from the age of 12 years, when chronic conditions and conditions of old age will be most apparent. The threshold of owner-perceived severity of illness that will prompt a veterinary visit is higher for cats than dogs. Taking these factors together may indicate that our study underestimated life expectancy of cats.

The concept of hybrid vigor has led to a perception that mixed-breed pets live longer than purebred pets, and indeed, this has been demonstrated for size-matched dogs (45). Our study was not designed to test this hypothesis, and life expectancies for mixed-breed dogs of any size were similar to those of medium-sized purebred dogs. In contrast, purebred cats had consistently longer life expectancies than mixed-breed cats. This might be explained if a greater percentage of purebred cats were kept indoors, where they would be at a lower risk of fights and accidents (46).

Overall, for both dogs and cats, LEbirth progressively increased except for a small decrease in 2019, which was significant for cats but not for dogs. This might be explained by the impact of the COVID-19 pandemic in 2020 and 2021. During this time in the USA, veterinary practices were subject to emergency regulations, and practice visits were curtailed in many areas to “essential” services only, while telemedicine was actively encouraged (3, 47). Pet owners were therefore likely to have made veterinary visits only for seriously ill or injured animals, which would tend to have decreased the survivor population but not affected the deceased population. Visits in 2020 and 2021, from which the 2019 survival population was estimated, probably impacted the return rate of visits within 2 years (Supplementary Table 2). Indeed, the return rate was increasing between 2013 (74.8% for dogs, 61.9% for cats) and 2017 (77.6% for dogs, 65.4% for cats), but was meaningfully lower in 2019 (75.9% for dogs and 62.5% for cats) compared to 2018 (77% for dogs and 65.1% for cats). Such a reduction would have artificially increased the number of excluded animals. Extending the follow-up to 2022 may have allowed a more accurate estimation of survivors in 2019.



4.2. Life expectancies by sex

Although female dogs had a significantly higher LEbirth than male dogs, the difference was small (~1.5 months) and did not persist in older age groups. A 4-month difference was shown between the sexes in a UK dog population [LEbirth 11.41 years (11.35–11.47) for females vs. 11.07 years (11.01–11.13) for males], and this also declined with increasing age.

The finding that LEbirth for female cats was 1 year higher compared with that for male cats reflected a higher death rate for males between the ages of 1 and 9 years. It was hypothesized that these sex differences were due to the higher probability of infection with feline leukemia virus and feline immunodeficiency virus (48, 49), and also a higher probability of lower urinary tract obstruction, which occurs almost exclusively in males (50). Accidents and fights are also more common for males between 1 and 2 years of age than for females. Neoplasia and other diseases associated with chronic retroviral infection, and complications of urethral obstruction can be fatal (49, 50). A preliminary investigation of the causes of death for male vs. female cats in the current study's database found the main contributor between birth and 10 years was urinary tract obstruction, which accounted for ~15% of male deaths in the 3–4 years age interval (data not presented).



4.3. Life expectancies by body condition score

Our finding that obese dogs (median BCS 5) had 1.5 years lower LEbirth than dogs with median BCS closer to the ideal (median BCS 3) is consistent with another primarily USA analysis that found overweight and obesity to be associated with a higher instantaneous risk of death and a reduced life span (20). In that study, the hazard ratio for death in overweight compared with normal weight dogs varied by breed from 1.35 (99.79% CI: 1.05–1.73) to 2.86 (99.79% CI: 2.14–3.83) (20). We observed that the impact of overweight or obese body condition on life expectancy was lower in the oldest dogs. It is hypothesized that this could be the influence of the “obesity paradox”, whereby a higher body condition score or increase in weight may have some protective survival effect in dogs (and other animals and humans) with chronic disease, such as chronic kidney disease (51) and heart failure (52).

Obesity in dogs is associated with a wide diversity of disease types, ranging for example from metabolic such as diabetes mellitus (26), to orthopedic (19), and cancer (53), some of which might impact lifespan. In terms of the relationship between body condition and disease, obesity is likely to be a causative risk factor for many of these conditions e.g., diabetes, but it can be a consequence of some other diseases such as hyperadrenocorticism and hypothyroidism (54–56). Obesity could also be an unrelated comorbidity that exacerbates the severity and/or prognosis of another condition, or contributes to a decision on euthanasia. It is not possible to attribute adiposity in our study as a cause of reduced LEbirth, but since the database included both healthy and diseased animals it is feasible that it played an indirect role through disease association.

A further consideration is that we used the median BCS over a pet's medical history in the database to reflect its weight status over life. This approach could lead to misinterpretation in cases where an age-related disease affected BCS. For example, if an animal with a BCS of 5 in the first third of its life contracted a disease in the second third of its life that led to a reduction in BCS to BCS 3, and with disease progression this declined to BCS 1 in the last third of its life, the animal would nevertheless be analyzed in the median BCS 3 category.

Less than ideal median BCS (1 and 2) was associated with much lower life expectancy than an ideal or obese median BCS. In adult dogs, underweight is a general signalment for serious illness or a poor prognostic factor for diagnosed disease. For example, low BCS in dogs with chronic enteropathy is a predictor for lack of response to treatment and death (57). Underweight in young animals is perceived as a failure to thrive, and low birth weight puppies have an increased risk of neonatal death (58). In our population, life expectancy increased significantly between the age interval 0–1 year and 1–2 years for dogs with median BCS 1, and, to a lesser extent, dogs with median BCS 2.

Similar to dogs, overweight and obesity in cats are associated with a wide range of disorders, including endocrine and lipid metabolism disorders, neoplasia, lower urinary tract disease, gastrointestinal disease and dermatoses (30, 59). However, in contrast to dogs, overweight cats (median BCS 4) had a higher LEbirth than cats of ideal body condition (median BCS 3) as well as obese cats (Figure 4); the difference persisted although reduced with increasing age. This is not so surprising in the light of an Australian study that found that cats with a maximum BCS of 6–8 on a 9-point scale (i.e., overweight to obese) had higher survival over time compared with cats with maximum BCS 3–5 or BCS 9 (obese) (21). The authors hypothesized that having a BCS of 6–8 might have the least negative effects on lifespan, or that it might be associated with owners who provide better care for their pets. The relationship between BCS and survival is complex. The same study found that the age at which maximum BCS was reached influenced the relative effects of different BCS on lifespan. A factor that might be relevant to this is the association of age with susceptibility to different types of diseases, including acute or chronic, easily treatable or life-threatening. For example, risk of serious viral diseases such as feline infectious peritonitis is higher in younger cats (60), while diabetes mellitus, cardiovascular disease and feline lymphoma are associated with old age (61–63). Finally, the same limitations mentioned above of using median BCS in dogs apply to cats.

As for dogs, underweight cats had a lower life expectancy at all ages than cats with ideal, overweight or obese median BCS. However, life expectancy in underweight cats did not decline; cats of median BCS 1 consistently had almost 1 year of life expectancy and cats of median BCS 2 consistently had ~2 years of life expectancy. A range of interacting factors might influence the life expectancy of cats with low median BCS in different ways. For example, weight loss is one sign of chronic kidney disease in cats (64); it is often present before CKD has been diagnosed, and lower bodyweight is associated with reduced survival time from diagnosis (65). It is plausible that owners delay seeking veterinary care for weight loss in cats until CKD is advanced and has a poor prognosis. In Banfield medical records, 52% of dogs and cats diagnosed with CKD die within 18 months and 10% are euthanized within 18 months (unpublished data).

For both dogs and cats, the LEbirth of animals with median BCS 3 was quite stable over survey years, while for animals with median BCS 5 a relatively large increase of LEbirth was observed between 2014 and 2019: 1.51 years for dogs and 1.93 years for cats. Although these findings may be related to advances in veterinary medicine that would allow obese dogs to live longer, they also raise new questions about potential changes in veterinarians' perception of, and attitudes toward obesity. It is possible that a dog considered to be BCS 5 in 2014 would be considered to be BCS 3 according to perceptions in 2019. Increasing awareness of obesity and its health implications in pets could also have driven greater proactivity in interventions to treat obesity-associated diseases.

Our clinical dataset relied upon owners visiting a veterinarian, and the animal having a recorded BCS. There may be different thresholds of bodyweight loss or bodyweight gain that would prompt owners to seek veterinary advice. Delaying a visit until a dog or cat has reached an extreme BCS will worsen the prognosis for the underlying etiology. The decision of an owner to opt for the euthanasia of their dog or cat might also vary by BCS and thereby impact life expectancy. Pet lifestyle can impact survival for medical and non-medical reasons. An indoor lifestyle is associated with feline obesity at 1 year of age (66), and outdoor access poses a greater risk of road traffic accidents (46).



4.4. Strengths and limitations of the study

This study benefited from a large dataset of 8.9 million dogs and 2.4 million cats, which is more than 10-fold greater than the dataset used to generate life expectancy tables for Japanese dogs (13) and 100-fold greater than the dataset for life expectancy study of dogs in the UK. The database was large enough for a sub-analysis by BCS, and CIs remained modest with the exception of LEbirth for cats with BCS 5, and life expectancy for dogs and cats with BCS 5 over the age interval 14–15 years, likely due to the small number of obese animals in these age intervals.

Limitations that should be considered include the retrospective nature of the study design, a degree of uncertainty of pet age for dogs and cats acquired as rescued animals or adopted from animal shelters, and the inherent limitations of body condition scoring. In clinical practice body condition scoring is routinely used to estimate adiposity and weight status, scoring systems have been validated against measurement of body fat by dual-energy X-ray absorptionmetry (67–72) and good reproducibility of scoring between different veterinarians has been reported (73). Nevertheless, body condition scoring does have the disadvantage of being a subjective and semi-quantitative measure, and there is a risk of inconsistencies arising between numerous veterinarians scoring body condition over a number of years. A general shift in veterinarians' perception of obesity over time could also impact the median BCS as previously noted. In this study, medical records were only available for a 9-year period rather than over each pets' lifetime. We used median BCS between 2013 and 2022 to address the complication of changes in BCS over time and to focus on pets that had BCS data covering the majority of their life. A limitation of this was that the number of visits and BCS evaluations was different between individuals in any survey year and across all survey years. The method could not account for the duration of overweight or underweight status, or the age at which the median BCS occurred. Other drawbacks to using median BCS have been discussed above. Another point to note is that although it is used in practice in young animals, the BCS system has not been validated in puppies and kittens. The accuracy of body condition scoring in young and aged animals may be reduced because it does not account for “natural” differences and changes in body composition with age.

The intentional omission of some aspects of life expectancy in our analyses might be regarded as limitations. We decided not to analyze any effect of neuter status, because ~90% of owned dogs and cats in the USA are neutered, and this is reflected in the clinical Banfield population. Differences in life expectancies between breeds within body size were not captured. The intent was to maintain accuracy in life expectancy tables while recognizing the large size differences between breeds. As population numbers were low for many of the more than 300 breeds in our dataset, we favored statistical accuracy over breed differences. Parallel analyses of health status, recorded causality of death, or reason for euthanasia were beyond the scope of this study and this limited the interpretation of differences between subpopulations.

Most pets that visit Banfield Pet Hospitals have veterinary care as part of an Optimal Wellness Plan, which is a suite of pre-paid services focused on preventive health care, routine diagnostic testing, comprehensive physical examination, and unlimited clinic visits. Wellness Plans could result in a pet being seen more frequently and having an earlier diagnosis and treatment of chronic conditions; they might also drive a proactive reduction in risk factors for disease and improvement in prognosis for disease at diagnosis. Conversely, the use of medical records results in missed visits by animals never presented to veterinary clinics.

A major statistical consideration with databases involving millions of individuals is that tests are often highly significant. A widely used method for assessing the standard error of life expectancy is to use the variance of the conditional probability of death. To address the issue of having such large populations, instead of implementing this method we used Monte Carlo simulations to sample dead populations and recalculated life expectancies 1.106 times. This mitigated the issue, but statistical significances were still high whatever significance level. A complementary strategy would have been to sample the mid-year population in the Monte Carlo simulation.

The analyses presented do not extend to estimations of disability free life expectancy, healthy life expectancy or healthy life years lost. A method has been developed for this (74) and applied to life expectancy data from dogs in the UK (15) and Japan (13) for different breeds and cross-breed dogs (75). The Banfield database provides additional opportunities to explore healthy life expectancy and specific disease-associated life expectancy in future work.



4.5. Summary and closing remarks

To our knowledge this is the first study to generate life expectancy tables for dogs and cats in the USA and the first study to present these by median BCS. Some of the main findings were expected based on direct and indirect evidence in the literature, namely decreased life expectancy for the largest sizes of dogs compared to the smallest, increased life expectancy of female versus male dogs and cats, significantly lower life expectancy at all ages for underweight dogs and cats compared to those with an ideal, overweight or obese median BCS, and a progressive increase in LEbirth for both species between 2013 and 2018. Unexpected findings included the relatively constant life expectancy of underweight cats at all ages, and the higher life expectancy of overweight cats compared with cats that were ideal median BCS. Further study is needed to elucidate apparently complex, interrelated and dynamic relationships between median BCS and life expectancy.

The life expectancy tables presented provide valuable information for practicing veterinarians and a foundation for research hypotheses. A better knowledge of life expectancy is important at the population level as a broad indicator of the general health status of the pet population, reflecting owner attitudes, the accessibility of veterinary care, and advances in veterinary care including preventive medicine. At the level of the individual owner, these life expectancy tables may help inform the choice of species and breed size. Life expectancy tables are especially relevant for adopters of adult animals who need to understand the likely duration of their commitment. Quantification of the reduction in life expectancy associated with overweight and/or obesity is a vital step toward making proactive bodyweight management a healthcare priority for veterinarians and owners. Furthermore, this work is a stepping-stone to the generation of disease-associated life expectancy tables.
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Age interval in years P(x) total d(x) decease 95% ClI

x, x+1) population population

0-1 325,096 17,200 0.0529 | 0.0515 | 100,000 | 95876 | 1,118,000 | 11.18 | 11.16-11.20
1-2 231,549 7,321 0.0316 | 0.0311 94,846 93,370 1,022,123 10.78 10.75-10.80
2-3 185,553 5,467 0.0295 0.0290 91,893 90,559 928,754 10.11 10.09-10.13
3-4 162,631 4,877 0.0300 | 0.0295 89,225 87,907 838,194 9.39 9.37-9.42
4-5 150,407 4,827 0.0321 0.0316 86,589 85,222 750,287 8.66 8.64-8.69
5-6 138,833 5423 0.0391 | 0.0383 | 83,854 | 82,248 665,066 7.93 7.91-7.95
6-7 125,243 5,401 0.0431 | 0.0422 | 80,641 78,939 582,818 7.23 7.21-7.25
7-8 118,952 6,291 0.0529 | 0.0515 77,237 75,247 503,878 6.52 6.51-6.54
8-9 112,659 7,735 0.0687 0.0664 73,258 70,826 428,631 5.85 5.83-5.87
9-10 100,971 8,041 0.0796 | 0.0766 68,395 65,776 357,805 523 5.22-5.25
10-11 99,722 11,352 0.1138 0.1077 63,157 59,755 292,029 4.62 4.61-4.64
11-12 84,860 10,704 0.1261 0.1187 56,354 53,011 232,277 412 4.11-4.14
12-13 79,909 13,446 0.1683 | 0.1552 | 49,668 | 45813 179,263 3.61 3.60-3.62
13-14 70,670 14,571 02062 | 0.1869 | 41959 | 38,037 133,449 3.18 3.17-3.19
14-15 60,980 15,636 0.2564 | 0.2273 34,116 30,239 95,412 2.80 2.78-2.81
15-16 50,674 15,945 0.3147 0.2719 26,362 22,779 65,173 247 2.46-2.49
16-17 37,426 13,940 0.3725 0.3140 19,195 16,181 42,394 221 2.19-2.22
17+ 57,088 28,678 0.5023 0.4015 13,168 26,213 26,213 1.99 1.97-2.01

P(x), total population (survivors plus deceased) at the mid-point of the age interval (x, x + 1); d(x), deceased study population in the age interval (x, x + 1); m(x), central rate of death in the
age interval (x, x + 1); q(x), conditional probability of death in the age interval (x, x + 1); I(x), number of a hypothetical population of dogs surviving to the age of x years, calculated from a
starting population of 100,000 dogs at birth subject throughout life to the same conditional probability of death as the actual population at each age interval; L(x), number of dog years lived
at age x, based on the hypothetical starting population of 100,000 dogs at birth; T(x), number of dog-years lived beyond year x; e(x), life expectancy for dogs in the age interval (x, x + 1); CI,
confidence interval.
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Age interval in years P(x) total d(x) decease 95% ClI

x, x+1) population population

0-1 1,608,758 43,476 0.0270 | 0.0267 100,000 97,867 1,269,213 12.69 12.68-12.70
1-2 1,331,906 14,276 0.0107 0.0107 97,334 96,815 1,171,346 12.03 12.03-12.04
2-3 1,177,583 11,310 0.0096 | 0.0096 96,296 95,836 1,074,532 1116 11.15-11.17
3-4 1,093,330 11,480 0.0105 0.0104 95,375 94,877 978,696 10.26 10.25-10.27
4-5 1,066,987 13,148 0.0123 0.0122 94,379 93,801 883,819 9.36 9.36-9.37
5-6 1,008,031 16,145 0.0160 | 0.0159 | 93223 | 92483 790,017 8.47 8.47-8.48
6-7 935,213 19,637 0.0210 | 0.0208 | 91,742 | 90,789 697,535 7.60 7.60-7.61
7-8 887,776 26,388 0.0297 0.0293 89,836 88,520 606,746 6.75 6.75-6.76
8-9 810,013 35,663 0.0440 | 0.0431 87,205 85,326 518,225 5.94 5.93-5.95
9-10 707,952 45,257 0.0639 | 0.0619 83,448 80,863 432,899 5.19 5.18-5.20
10-11 614,524 56,118 0.0913 0.0873 78,279 74,860 352,036 4.50 4.49-4.50
11-12 484,797 60,550 0.1249 | 0.1176 71,442 67,243 277,175 3.88 3.87-3.89
12-13 371,564 64,343 01732 | 0.1594 | 63,044 | 58,020 209,932 3.33 3.32-3.34
13-14 265,424 61,806 02329 | 02086 | 52997 | 47470 151,912 2.87 2.86-2.88
14-15 168,706 51,430 0.3048 0.2645 41,943 36,395 104,442 249 2.48-2.50
15-16 92,503 35442 0.3831 0.3215 30,848 25,888 68,047 221 2.19-2.22
16-17 42,472 19,224 04526 | 0.3691 20,929 17,066 42,159 2.01 2.00-2.03
17+ 26,010 13,687 0.5262 0.4166 13,204 25,092 25,092 1.90 1.88-1.92

P(x), total population (survivors plus deceased) at the mid-point of the age interval (x, x + 1); d(x), deceased study population in the age interval (x, x + 1); m(x), central rate of death in the
age interval (x, x + 1); q(x), conditional probability of death in the age interval (x, x + 1); I(x), number of a hypothetical population of dogs surviving to the age of x years, calculated from a
starting population of 100,000 dogs at birth subject throughout life to the same conditional probability of death as the actual population at each age interval; L(x), number of dog years lived
at age x, based on the hypothetical starting population of 100,000 dogs at birth; T(x), number of dog-years lived beyond year x; e(x), life expectancy for dogs in the age interval (x, x + 1); CI,
confidence interval.
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Size group  Adult bodyweight* Number of breeds in

size group
Toy <5.5kg 19
Small >55t0 <llkg 9
Medium >11to <26kg 215
Large >26to <45kg 154
Giant >45kg 26
Mixed breed Alladult bodyweights 1 (mixed breed)

* Adult bodyweight was taken to be the bodyweight at 2-5 years of age.
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BCS 9-point scale

BCS 5-point scale

Score Description Score Description
1 Emaciated 1 Very thin

2 Very thin 2 Underweight

3 Thin

4 Ideal weight 3 Ideal weight

5 Ideal weight

6 Overweight 4 Overweight

7 Heavy

8 Obese 5 Obese

9 Severely obese

BCS, body condition score.
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