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J. Vet. Med. Sci. ABSTRACT. This study aimed to identify the causes of death in dogs that were buried at

83(7): 1039-1043, 2021 pet cemeteries. Using data obtained from a questionnaire completed by 5,118 dog owners

from 1 April 2016 to 31 March 2017, we estimated the life expectancy and the odds ratio for
principal causes of death using multiple logistic regression analysis with potential risk factors as
independent variables. The life expectancy determined at birth was 13.98 years. The commonest
cause of death was senility. The odds ratios of dying of senility being significantly higher in
Labrador Retrievers and Shiba breeds and aged dogs, and significantly lower in Chihuahuas, dogs
living indoors and neutered dogs.
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Many studies have been done to elucidate the life expectancy of dogs. These studies have provided useful information for the
improvement of the health and welfare of dogs. The dog is also an ideal model for research in aging and longevity due to its
greater than two-fold natural variation in lifespan and considerable variation among breeds in the risk of age-specific diseases [5,
9]. Therefore, identifying the causes and risk factors of death in dogs may be a useful tool to improve their health and welfare thus
extending their life expectancy and, possibly and ultimately, humans [6].

We have previously reported our findings on the life expectancy of dog [11]. The aim of this study was to identify the causes
of death and potential risk factors that might be associated with the death in dogs. We conducted a survey using a questionnaire
which comprised nine descriptive questions about the dates of birth and death, weight, age at death, sex, spay-neuter status, cause
of death and whether the dog had lived indoors or outdoors (see Supplementary Fig. 1 the questionnaire used). At the beginning of
the questionnaire, information on the survey background and objective was provided. The questions were answered by those from
whom consent had been obtained. To encourage honest answers, we made the responses anonymous, with a message indicating
that the questionnaire was used exclusively for research purposes and that all questionnaire responses and information would
remain confidential. Between April 1, 2016 and March 31, 2017, the questionnaires were distributed at the reception to owners
who brought their dogs to any of the eight animal cemeteries that are members of the Tokyo Pet Cemetery Association. Responses
were received from 5,118 dog owners. All eight cemeteries were located in Tokyo, and 71% of the respondents lived in Tokyo. The
causes of death were freely described by the owners and were classified into one of the 18 diagnostic categories as in the previous
report [10]. The weight of the dog and age at death were entered into the database as a linear variable. The sex, spay—neuter status,
cause of death and the place where the dog had lived (indoor or outdoor) were entered into the database as a categorial variable.
Using these data, we constructed a cohort life table to obtain the life expectancy of the dogs in the same way as in our previous
report [11]. We also estimated the odds ratios for the top seven causes of death using multiple logistic regression analysis, with
breed, sex, spay-neuter status, living environment (indoor/outdoor) and age as independent variables. We selected the top 16
represented breeds including Miniature Dachshund, Toy Poodle, Chihuahua, Shiba, Yorkshire Terrier, Pomeranian, Pembroke
Welsh Corgi, Papillon, Shih Tzu, Miniature Schnauzer, French Bulldog, Labrador Retriever, Cavalier King Charles Spaniel,
Golden Retriever, Maltese, cross breed. IMP® 15 (SAS Institute Inc., Cary, NC, USA) was used for this analysis.

The cohort life table that we constructed revealed that at birth the expectation of life was 13.98 years, a slightly longer than
previously reported (13.7 years) (See Table 1 and Supplementary Table 1).

As discussed previously [11], the average life expectancy might have been underestimated in this study given the fact that
the proportion of purebred dogs analyzed in this study is higher than that of the national dog population. There might have been
another selection bias: the owners who were cooperative enough to respond to the questionnaire might have been more likely to be

*Correspondence to: Inoue, M.: kuro_felis_catus@me.com
(Supplementary material: refer to PMC https://www.ncbi.nlm.nih.gov/pmc/journals/2350/)

©2021 The Japanese Society of Veterinary Science
@@@ This is an open-access article distributed under the terms of the Creative Commons Attribution Non-Commercial No Derivatives (by-nc-nd)
@ T License. (CC-BY-NC-ND 4.0: https://creativecommons.org/licenses/by-nc-nd/4.0/)

1039


https://creativecommons.org/licenses/by-nc-nd/4.0/

The Journal of

Veterinary

Medical

Science M. INOUE ET AL.

Table 1. Expectation of life at age 0

Number Expectation of life atage 0~ 95% Confidence Interval
All dogs 5,118 13.98 13.9-14.1

Table 2. Number of dogs dead by cause subjected to analysis of
causes of death

All breeds
Number % (95% Confidence Interval)
Senility 1,322 25.8 24.7-27.1
Neoplasia 1,117 21.8 20.7-23.0
Cardiovascular 495 9.7 8.9-10.5
Urinary 441 8.6 7.9-9.4
Respiratory 250 4.9 4.3-5.5
Hepatobiliary 167 33 2.8-3.8
Neuromuscular 148 2.9 2.5-34
Endocrine 79 1.5 1.2-1.9
Immunology 72 1.4 1.1-1.8
Injury 50 1.0 0.7-1.3
Digestive 41 0.8 0.6-1.1
Reproductive 20 0.4 0.3-0.6
Musculoskeletal 11 0.2 0.1-0.4
Infection 5 0.1 0.0-0.2
Otic 2 0.0 0.0-0.1
Parasitic diseases 1 0.0 0.0-0.1
Dermatology 1 0.0 0.0-0.1
Unknown 893 17.5 16.4-18.5

Total 5,115

interested in the causes of death of dogs, and thus more likely to have detected the symptoms leading to the death of their dogs.

Table 2 shows the causes of death of the dogs analysed in this study. A notable finding was that senility was the most common
cause of death. This was not consistent with the findings of previous reports using veterinary hospital data or insurance data
reporting lower proportionate mortalities for senility [10, 16, 17]. This is most likely because that dog owners do not bring their
dogs to a veterinary hospital or claim insurance when they are suffering from or dying of senility.

The data on the causes of death obtained from dog owers used in this study might not be as accurate as those from clinical
record from veterinary hospitals or insurance claim. However, our results were consistent with those of our previous reports, in
terms of the order of causes of death [10, 11]. This suggests that data from dog owners are reliable to some extent. The proportion
of dogs that died from unknown causes was lower in this study than previously reported, suggesting that increasing number of dog
owners are concerned about the causes of their dogs’ deaths.

Figure 1 shows the odds ratio for top seven cause of death using multiple logistic regression analysis. The odds ratios by breed
of dying of senility was significantly higher in Labrador Retriever and Shiba and significantly lower in Chihuahua. For other
factors, the odds ratio of dying of senility was significantly higher for older dogs and significantly lower for dogs living indoors
and neutered dogs. There was no clear definition used for senility in asking the dog owners about the causes of death of their
dogs. The Ministry of Health, Labour and Welfare defines senility as the death at old age in the absence of a specific disease
[13]. Assuming that dog owners used this definition when they chose senility as the cause of death, dogs that are less affected
by apparent diseases are more likely to die of senility. With an increasing number of dogs receiving veterinary medical care and
surviving cancer and other lethal diseases, in the future an increasing number of dogs are expected to die of senility. This is a
reasonable assumption considering that in humans, the proportion of senility-related death increases as they age [10, 14].

Our study revealed that Shiba, a breed that had the longest life expectancy in our previous survey [11], suffers less frequently
than other breeds from lethal diseases such as tumors, cardiovascular diseases and urinary diseases [10]. Our study also revealed
that the proportion of Labrador Retrievers that died from tumors was not significantly higher than other breeds. This is not
consistent with the result of our previous study using insurance data, which revealed that 7.4% of Labrador Retriever developed
tumors, significantly higher than the proportion of dogs of other breeds which died from this cause (4.3%). This is probably
because benign tumors were also taken account of when we calculated the morbidity by tumors in our previous study [10]. Benign
lipomas occur more frequently in Labrador retrievers than in other breeds [15]. In addition, in the same way as Shiba, Labrador
Retrievers are less prone than other breeds to lethal diseases such as cardiac and urinary diseases, which explains why they die
from senility more frequently than other breeds. The lower odds ratios of death from senility in dogs that had lived indoors and
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Fig. 2. Proportion of cause of death by age. The proportion of dogs dying of tumor peaked at 9—12 years and then began to decline.
After the age of 15, senility became more common than tumors, and after the age of 21, senility was virtually the only cause of death.

with neuter status suggest that diseases in dogs with these conditions are more likely to be detected by their owners because they
are more likely to have longer and closer contact with them.

The results of logistic regression analysis indicated that Golden Retrievers had 2.5 times higher odds of dying from neoplasia
than other breeds. The analysis also revealed that the odds of death from neoplasia increased by 1.12 times for one year of aging.
The odds ratio for neoplasia was significantly lower for Papillon, Chihuahua, Toy Poodle, Cavalier King Charles Spaniel, Yorkshire
Terrier, Pomeranian, neutered dogs, and dogs living indoors. Our finding was consistent with previous studies reporting that the
Golden Retriever has a high tumor morbidity [1, 5, 12]. Our results also revealed that the odds ratio of death from tumors is lower
in spayed dogs. However, there are studies reporting increased tumor incidence in spayed dogs specifically in golden retrievers [7,
8], suggesting a possible presence of an interactive effect between breeds and spay status on proneness to tumors.

This study found that neoplasia was the leading cause of death of dogs that died from a disease. As shown in Fig. 2, the
proportion of dogs dying of tumor peaked at 9—12 years and then began to decline. After the age of 15, senility became more
common than tumors, and after the age of 21, senility was virtually the only cause of death. The mechanism for avoiding cancer
might be explored by studying these dogs with exceptional longevity. A study using Rottweilers found that dogs with exceptional
longevity have lower tumor mortality rates than dogs with normal longevity [2]. These dogs with exceptional longevity might be
genetically resistant to cancer and other diseases. Even in humans, neoplastic disease, which is the most common cause of death,
peaks in the 50s to early 60s and decreases in the late 60s. Senility begins to increase in humans in the late 70s, reaching close to
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40% of people aged 100 years and above [14]. In humans, most centenarians die of senility. The life expectency of dogs might be
extended by adopting measures to reduce the risk of cancer in dogs.

The odds ratio of dying of cardiovascular diseases was highest in Maltese, followed by Cavalier King Charles Spaniel,
Chihuahua, Shih Tzu, Pomeranian, Papillon, and Yorkshire Terrier, and significantly lower in female and neutered dogs. Cardiac
valvular disease, one of the most common cardiovascular diseases, is common in dogs, and differences in the incidence of this
disease between different breeds have been reported [4].

Yorkshire Terrier and Pomeranian breeds had significantly higher odds ratios for urinary system diseases, while the Labrador
Retriever and Shiba had lower odds ratios for these diseases. According to a report comparing blood symmetric dimethylarginine
(SDMA) and creatinine concentrations for each breed, Yorkshire Terriers and Pomeranians had higher concentrations and Labrador
Retrievers had lower concentrations of this substance than the average of all other breeds [3]. Assuming that SDMA and creatinine
concentrations are related to the death of renal dysfunction, these findings are consistent with the results of this study.

The odds ratio of respiratory diseases increased with age, but showed no significant difference by breed.

The Miniature Schnauzer had a higher odds ratio of dying from hepatobiliary and pancreatic diseases than other breeds, while
neutered dogs had a low odds ratio. This breed is reportedly prone to hyperlipidemia, which is associated with conditions such as
hepatobiliary disease, pancreatitis, insulin resistance, glomerular disease, and epilepsy, and these diseases might be lethal [18].

The odds ratio for neurological disorders was higher in French Bulldogs and aged dogs. The French Bulldog is a breed that is
prone to many neurological disorders as reported in a previous study using Japanese pet insurance data [10].

This study attempted to identify causes of death of companion dogs in Japan, using data obtained by questionnaire survey of dog
owners who brought their dogs to pet cemeteries. This study provides useful epidemiological information on possible risk factors
affecting the longevity of pet dogs in Japan. This could be used by pet owners, veterinary clinicians and breeders, to introduce
measures to promote the health care of dogs in general and of certain breeds in particular.
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