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Ovariectomy is the most popular and reliable method of reproductive control in dogs. There are
many health benefits to spaying. If spayed early enough, the risk of mammary gland neoplasia de-
creases significantly, and ovariectomy also eliminates the possibility of pyometra. On the other hand,
spaying and the absence of gonadal hormones is also associated with an increased prevalence of
many health problems. Urinary incontinence, various orthopaedic disorders, endocrinologic disor-
ders such as hypothyroidism, many neoplastic disorders (including hemangiosarcoma, osteosar-
coma, lymphoma) and immune-mediated disorders are among the most common health problems
associated with early spaying and spaying in general.

Keywords: Spaying; Health benefits; Health risks; Neoplasia; Gonadal hormones exposure; Urinary
incontinence
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1. Introduction

Ovariectomy (i.e., removal of the ovaries in female dogs) remains the most reliable method of per-
manent spaying for reproductive control in dogs (Rooster and Porters, 2017). This method allows us
to control pet overpopulation and thus reduce the number of animals in shelters (Kustritz, 2007).
Dog owners are often advised to have their dogs spayed for health reasons. Removal of both gonads
eliminates pregnancy and parturition related diseases as well as diseases of the ovaries such as cysts
and, although rare, ovarian tumours (carcinoma, adenocarcinoma, and teratoma). Although spaying
has many positive health effects, research shows not only the benefits associated with spaying, but
also many long-term health risks. Some of the long-term risks could include urinary incontinence, a
predisposition to various neoplasms, and orthopaedic disorders.

Whether spaying improves or decreases the chances of overall good health depends on the age of
the dog at the time of spaying and the relative risk for various health conditions in different breeds.
The purpose of this article is to summarise many of the potential health benefits and risks associated
with spaying at different ages by reviewing epidemiologic research studies on dogs.

2. Positive effects of spaying
2.1. Mammary gland neoplasia

Ovariectomy is an important preventive measure against mammary gland neoplasia because it re-
duces the risk of their development, especially when it is performed before the first oestrus cycle. In
a study of 599 patients with 160 bitches, that developed mammary gland neoplasia, only 2 tumours
were detected in bitches that were spayed early. 13 cases of mammary gland tumours were noted in
bitches spayed late and 145 in intact bitches. Spaying after the third oestrus cycle, or when the bitch
is older than 4 years, does not significantly reduce the risk of developing a mammary tumour
(Borrego, 2017; Beaudu-Lange et al., 2021). Ovariectomy before the first heat could be counterpro-
ductive because of other health effects. When deciding to spay early despite other risks, it is im-
portant to consider breeds that are predisposed to develop mammary gland neoplasia such as Brit-
tany Spaniel, Dachshund, English Setter, English Springer Spaniel, German Shepherd, Maltese, Min-
iature Poodle, Pointer, Boxer, Cocker Spaniel and Yorkshire Terrier (Kustritz, 2012). In contrast,
Beauvais et al., (2012) reported that there is no clear evidence that spaying reduces the incidence of
mammary gland neoplasia.

2.2. Pyometra

Pyometra is bacterial infection of the uterus that frequently occurs in dioestrus in intact females.
Pyometra is more commonly diagnosed in certain breeds, such as Bernese Mountain Dogs, Rottwei-
lers, Golden Retrievers, Bernese Mountain Dogs, Cavalier King Charles Spaniels, Rough Collies and
Beagles. Approximately 25% of all intact female dogs develop pyometra by the age of 10 under the
influence of progesterone endometrial growth and glandular secretion increase. In addition, proges-
terone stimulates cervical closure and prevents drainage, decreases myometrial activity, and inhibits
leukocyte activity in the endometrium. This creates an ideal environment for bacterial growth (Berg-
strom, 2017). The origin of contamination in most cases is the normal vaginal flora. The most com-
monly isolated bacteria in pyometra are E. coli, followed by Staphylococcus, Streptococcus, Pseudo-
monas and Proteus spp. (Memon, 2013). Over the years, cystic endometrial hyperplasia develops
with an increased number of cystic glands, resulting in thickening of the endometrium in all intact
bitches. This is due to the repeated luteal phases. Cystic hyperplasia is often followed by pyometra,
which is why older bitches are more commonly affected. After spaying progesterone secretion de-
creases and prevents the development of an ideal environment for bacterial growth (Bergstrom,
2017).

2.3. Diabetes mellitus

Diabetes mellitus is a metabolic disease, more commonly diagnosed in older animals with predispo-
sition of females. Type II diabetes may be caused by increased progesterone levels. The mechanism
of action is indirect by stimulating mammary glands to secrete growth hormone, which causes insu-
lin resistance. Prevention of progesterone-induced diabetes mellitus in bitches can be achieved by
ovariectomy (Bigliardi et al., 2014).
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3.  Adverse effects of spaying
3.1. Urinary incontinence

Urinary incontinence is defined as involuntary leakage of urine. It can be acquired or congenital
(Pegram et al., 2019). The most common cause of acquired urinary incontinence is incompetence of
the urethral sphincter mechanism. This spayed related side effect occurs in up to 20% of females due
to decreased urethral muscle activity and periurethral tissue and urethral changes. This is probably
caused by the decrease in oestrogen levels and increase in Follicle-Stimulating Hormone (FSH) and
Luteinizing Hormone (LH) levels after removal of the ovaries. In comparison, urinary incontinence
occurs in less than 1% of intact bitches (Rooster and Porters, 2017). Predisposed breeds include Old
English Sheepdog, Giant Schnauzer, Weimaraner, Doberman Pinscher, Rottweiler, and Boxer (By-
ron, 2017). Research on whether age of spaying affects the prevalence of urinary incontinence in
female dogs found no relevant association (Bleser et al., 2011).

3.2. Orthopaedic disorders

Spaying increases the risk of orthopaedic diseases, especially in larger breeds, with the exception of
Great Dane and Irish Wolfhound (Hart et al., 2020). Bitches spayed early (before 6 months of age)
were found to have a 20% incidence of at least one of the orthopaedic disorders (hip dysplasia, elbow
dysplasia, and cranial cruciate ligament rupture) was seen in a sample of 472 Golden Retriever fe-
males. In contrast, only a 5% prevalence was found in intact Golden Retriever females (Hart et al.,
2014). Bitches spayed early (before 6 months of age) were found to have a 20% incidence of at least
one of the orthopaedic disorders (hip dysplasia, elbow dysplasia, and cranial cruciate ligament rup-
ture) which was seen in a sample of 472 Golden Retriever females.

In 2008, Witsberger reported higher prevalence of cranial cruciate ligament insufficiency in spayed
female dogs. An increased prevalence for cranial cruciate ligament injuries was also mentioned by
Kutzler in 2020. The incidence in spayed dogs doubled compared to unaltered dogs. The possible
mechanism for the higher incidence of cranial cruciate ligament insufficiency in spayed females is
an altered angle of the tibial plateau, which affects the act of forces on ligament. Forces on the cranial
part of the tibia are increased, which may result in injury to the cranial cruciate ligament. Altered
steepness of the tibial plateau is thought to be associated with the expanded growth of the cranial
portion of the tibia and early closure of the distal tibial growth plate. Overgrowth of the proximal
tibia can be caused by early spaying. A study of 58 dogs with tibial plateau angle higher than 35
degrees plateau and 58 control dogs, found out that dogs from case group were more likely to have
been spayed prior to six months of age (Duerr et al., 2007; Griffon et al., 2010). In addition, a study
on Golden Retrievers found that spayed females were at substantially higher risk of cranial cruciate
ligament rupture (Hart et al., 2014).

Susceptibility to canine hip dysplasia in castrated dogs was evidenced by Witsberger (2008), but not
for female dogs. Furthermore, in a study that included 339 female Golden Retrievers with hip dys-
plasia no association was found between female sterilisation and hip dysplasia (Torres de la Riva et
al.,, 2013). A report by Hart et al. in 2014 showed that the association between the incidence of hip
dysplasia and spaying wasn’t compelling.

Another orthopaedic disorder affected by spaying is intervertebral disc herniation. A study of the
effects spaying on this condition was conducted on Dachshunds and concluded that the risk of in-
tervertebral disc herniation was significantly higher in spayed bitches (Dorn and Seath, 2018).

The side effects of spaying on joint disorders were described primarily for larger breeds, whereas
smaller breeds such as Cavalier King Charles Spaniel, Yorkshire Terrier, Pomeranian, Boston Terrier,
Chihuahua, Corgi, and Maltese showed no negative effects of gonadectomy on joint disorders (Hart,
etal., 2014).

3.3. Endocrinologic disorders

In spayed dogs, the LH blood level is thirty times normal due to the absence of gonadal hormones
and decreased compensatory feedback to the hypothalamus and anterior pituitary gland. LH recep-
tors are also present in tissues other than the reproductive system. In the thyroid gland LH receptors



Univerza v Liubljani '@3
- Zdravstvena fakulteta w

Proceedings of 7" Socratic Lectures 2022
72 of 172

are located near Thyroid-Stimulating Hormone (TSH) receptors. Constant stimulation of LH recep-
tors could affect the normal function of TSH receptors, which would explain the decreased serum
levels of thyroid hormones in spayed animals. Spaying could contribute to the development of hy-
pothyroidism (Albright, 2020). In a study of the epidemiologic feature of canine hypothyroidism it
was found that spayed females were much more likely to develop hypothyroidism compared to
intact females (Milne, et al. 1981).

Although it was mentioned above that spaying eliminates progesterone-induced diabetes-mellitus,
neuter can also trigger the development of diabetes mellitus. This was confirmed for castrated males,
which were twice as likely to develop diabetes mellitus compared with the overall male population.
The same results weren't observed in female dogs, where there was no higher incidence of diabetes
mellitus in spayed bitches (Mattin, et al. 2014).

3.4. Obesity

Obesity is a major health concern in dogs, and the success rate of treatment with food restriction and
increased physical activity is often limited. In a study of 229 dogs, more than half were found to be
overweight or obese (Sapowicz, et al. 2016). Prevention of obesity is a key to success. For this reason,
itis important to know the impact of spaying on a dog's weight (Bjernvad, et al. 2019). Gonadectomy
is thought to increase appetite and stimulate food intake. One possible mechanism would be an in-
crease in cholecystokinin and glucagon trough stimulation of the LH receptors, as satiety results
from food intake suppressing secretion of gastrointestinal hormones (Kutzler, 2020). This would ex-
plain the results of a study conducted in the United States that concluded that gonadectomy in-
creased the risk of developing obesity in dogs (males and females) of all ages (Simpson, et al. 2019).
In addition, research on 27627 dogs confirmed that spayed dogs have an increased risk of obesity,
that is not influenced by the timing of gonadectomy (Lefebvre, et al. 2013). However, not all studies
reach the same conclusion. For example, a study in Denmark did not identify sterilisation as an im-
portant risk factor for obesity in bitches (Bjernvad et al., 2019).

3.5. Neoplastic disorders
3.5.1. Hemangiosarcoma

Hemangiosarcoma (HSA) is a highly malignant neoplasm with poor prognosis and is relatively com-
monly diagnosed in dogs, accounting for 2% of all neoplasms in dogs. Large breeds of dogs, such as
German Shepherd and Golden Retriever, appear to be predisposed to HSA. Although the definitive
aetiology of HSA in dogs remains unknown, many studies suggest that gonadectomy, among many
other factors, is a risk factor for the development of HSA (Clifford, 2000). One study concluded that
spayed females were four times more likely to be diagnosed with cardiac HSA than intact females
(Ware and Hopper, 1999). Another study evaluated splenic HSA and found that spayed females
were more than twice as likely to be diagnosed with splenic HSA when compared to sexually intact
bitches (Prymak, et al. 1988). Finally, a study based on The Veterinary Medical Database was per-
formed with a large population of both sexually intact and gonadectomized dogs diagnosed with
HSA in all anatomical areas (spleen, heart, general, skin, etc.). Mentioned study concluded that
spayed female dogs were significantly more likely to develop HSA in any anatomical site. Another
piece of information to consider when deciding whether or not to spay is the breed factor; German
Shepherd, Golden Retriever, and Boxer had the strongest association with a diagnosis of HSA re-
gardless of the neuter status (Robinson, et al. 2020).

3.5.2. Osteosarcoma

Osteosarcoma is the most common type of bone cancer and is relatively common in dogs (Makielski,
et al. 2019). In the United States approximately 10,000 dogs are diagnosed with bone sarcoma each
year. There are many risk factors for osteosarcoma in dogs, with body size being the most important
(Cooley, et al. 2002). A case related study done in 1998 supports this theory by finding that Irish
Wolthound, Saint Bernard, Great Dane, Rottweiler, and Irish Setter, all large dog breeds, are the most
common dog breeds diagnosed with osteosarcoma. In the same study spayed female, and spayed
male dogs were found to have a significantly higher risk of bone sarcoma. In the aforementioned
study, it could not be determined whether the duration of exposure to gonadal hormones had an
effect on the risk of developing osteosarcoma, because the information on the age at which the dog
was spayed was not known (Ru, 1998).
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In another cohort study of Rottweilers, a breed predisposed to osteosarcoma, information on age at
spaying was considered. The aforementioned study found, that dogs spayed within the first year
had approximately a one-in-four risk of developing osteosarcoma and were significantly more likely
to develop osteosarcoma than sexually intact dogs. For each additional month of sexual intactness,
the probability of developing bone sarcoma decreased by 1.4% (Cooley, et al. 2002). Although these
findings suggest that gonadal hormones have a protective effect against neoplastic proliferation in
bone tissue, the possible mechanism is still largely unknown.

3.5.3.  Lymphoma

Lymphoma is the most common hematopoietic neoplastic disorder in dogs (Vail, 2017). In humans,
females have been found to have non-Hodgkin’s lymphoma (NHL) less frequently than males. The
incidence of NHL in females increases after the age of fifty, when menopause is regularly reached,
suggesting that female gonadal hormones may have a protective effect against NHL. It has been
hypothesized that the development of canine lymphoma in intact females is suppressed by endoge-
nous gonadal hormones. The Veterinary Medical Database examined records of 14,000 cases of ca-
nine lymphoma registered over a thirty-eight year period and investigated whether sex was a risk
factor for lymphoma. This cohort study found that intact female dogs were least likely to develop
lymphoma and that spayed dogs of both sexes had a significantly higher risk. The same study also
found that Bullmastiff, Boxer, Golden Setter, Scottish Terrier and Bernese Mountain dog had the
highest risk of developing lymphoma, but did not investigate whether spaying affected these breeds
differently than the general dog population. In the aforementioned study dogs were not differenti-
ated by the age of gonadectomy (Villamil, et al. 2009).

3.6. Other disorders

Oestrogen has a trophic effect on the vaginal mucosa and muscular layers that decreases after steri-
lisation. In addition, anatomical changes of the lower genital tract have been noted in spayed bitches
compared to intact females. Vulvar atrophy may also develop as a result of sterilisation, leading to
perivulvar dermatitis. In addition, this change in local conditions could affect the composition of
resident flora. In a study on the effect of hormone reduction on the vaginal mucosa, it was found that
the vaginal mucosal layer in spayed bitches was fragile, as erythrocytes were found in 50% of the
smears of intact bitches. In comparison, no erythrocytes were found in the smear samples of intact
bitches. However, there were no significant differences between microbiota on the vaginal mucosa
of spayed and intact bitches (Rota, et al. 2020).

Spaying is closely related to adverse effects of vaccines. Moore et al. 2005 described that spayed dogs
are more likely to develop vaccine adverse reactions within three days of vaccination compared to
intact dogs. Furthermore, gonadectomized dogs are more prone to develop immune-mediated
thrombocytopenia, atopic dermatitis, inflammatory bowel disease and autoimmune haemolytic
anaemia. Spayed females were also more likely to develop lupus erythematosus. Atopic dermatitis
occurred in 83 of 9133 (0.91%) intact females and in 745 of 36574 (2.03%) spayed females. Autoim-
mune haemolytic anaemia was reported in 38 of 9133 (0,42%) intact females and 256 of 36574 (0,7%)
spayed females (Sundburg, et al. 2016).

Spaying can result in coat changes. A study of 15 spayed female dogs in 2008 linked spaying with
changes in hair follicles. n spayed dogs, more hair follicles were in the anagen phase and fewer in
the telogen phase. However, coat changes were found in only 20% of the dogs in the form of in-

creased woolly hair (Reichler, et al. 2008).

4. Conclusions

To conclude, although spaying is one of the most commonly performed surgical procedures in the
veterinary field, the decision should not be straightforward. Spaying brings both positive and nega-
tive effects. The decision should take into account the breed, size and age of the dog on which the
procedure will be performed, as the effects of spaying can vary for different breeds and age groups.
Therefore, is why it is important that veterinarians are familiar with the latest research on this topic
and can provide sound advice to dog owners on whether and when to spay their dog.

Conflicts of Interest: The authors declare no conflict of interest.



Univerza v Liubljani GEI!

- Zdravstvena fakulteta :
Proceedings of 7" Socratic Lectures 2022
74 of 172
References
1. Albright SM. Exploring how spay/neuter impacts long-term health in dogs. [online]. American Kennel Club Canine Health

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Foundation, 2020. https://www.akcchf.org/educational-resources/library/articles/exploring-how-spayneuter.html Accessed
27. Dec. 2021

Beaudu-Lange C, Larrant S, Lange E, et. al. Prevalence of reproductive disorders including mammary tumors and associ-
ated mortality in female dogs. Vet Sci. 2021; 8: 184. DOI: 10.3390/vetsci8090184

Beauvais W, Cardwell JM, Brodbelt DC. The effect of neutering on the risk of mammary tumours in dogs-a systematic re-
view. ] Small Animal Pract. 2012; 53: 314-322. DOI: 10.1111/j.1748-5827.2011.01220.x

Bergstrom A. Pyometra and cystic endometrial hyperplasia. In: Ettinger SJ, Feldman ED, Cote E et al. Textbook of Veteri-
nary Internal Medicine: Diseases of the Dog and the Cat. Eight Edition. Vol 2. St. Louis, Missouri; Elsevier. 2017: 1878-1879.
Bigliardi E, Bresciani C, Callegari D, et al. Use of aglepristone for the treatment of P4 induced insulin resistance in dogs. |
Vet Sci. 2014; 15: 267-271. DOI: 10.4142/jvs.2014.15.2.267

Bjernvad CR, Gloor S, Johansen SS, et al. Neutering increases the risk of obesity in male dogs but not in bitches: A cross-
sectional study of dog and owner-related risk factors for obesity in Danish companion dogs. Prev Vet Med. 2019; 170.

DOI: 10.1016/j.prevetmed.2019.104730

Bleser B, Brodbelt DC, Gregory NG, Martinez TA. The association between acquired urinary sphincter mechanism incompe-
tence in bitches and early spaying: A case-control study. Vet J. 2011; 187: 42-47. DOI: 10.1016/j.tvj1.2009.11.004

Borrego JF. Urogenital and Mammary Gland Tumors. In: Ettinger SJ, Feldman ED, Cote E et al. Textbook of Veterinary In-
ternal Medicine: Diseases of the Dog and the Cat. Eight edition. Vol 2. St. Louis, Missouri; Elsevier. 2017: 2124

Byron JK. Diseases of Abnormal Micturition. In: Ettinger SJ, Feldman ED, Cote E et al. Textbook of Veterinary Internal Med-
icine: Diseases of the Dog and the Cat. Eight edition. Vol 2. St. Louis, Missouri: Elsevier, 2017: 2010-2012

Clifford A, Mackin A]J, Henry CJ. Treatment of canine hemangiosarcoma: 2000 and beyond. ] Vet Intern Med. 2000; 14: 479-
485. DOLI: 10.1892/0891-6640(2000)014<0479:tochab>2.3.co;2

Cooley DM, Beranek BC, Schlittler DL, et al. Endogenous gonadal hormone exposure and bone sarcoma risk. Cancer Epi-
demiol Biomarkers Prev. 2002; 11: 1434-1440.

Dorn M, Seath IJ. Neuter status as a risk factor for canine intervertebral disc herniation (IVDH) in dachshunds: a retrospec-
tive cohort study. Canine Genet Epidemiol. 2018; 5: 11. DOI: 10.1186/s40575-018-0067-7

Duerr FM, Duncan CG, Savicky RS, et al.. Risk factors for excessive tibial plateau angle in large-breed dogs with cranial cru-
ciate ligament disease. ] Am Med Assoc. 2007; 231: 1688-1691 DOI: 10.2460/javma.231.11.1688

Griffon DJ: A review of the pathogenesis of canine cranial cruciate ligament disease as a basis for future preventive strate-
gies. Vet Surg. 2010; 39: 399-409. DOI: 10.1111/j.1532-950X.2010.00654.x

Hart BL, Hart LA, Thigpen AP, Willits NH. Assisting decision-making on age of neutering for 35 breeds of dogs: Associated
joint disorders, cancers and urinary incontinence. Front Vet Sci. 2020; 7: 388. DOI: 10.3389/fvets.2020.00388

Hart BL, Hart LA, Thigpen AP, Willits NH. Long-term health effects of neutering dogs: Comparison of labrador retrievers
with golden retrievers. PLoS One. 2014; 9. DOI: 10.1371/journal.pone.0102241

Kutzler MA. Possible relationship between long-term adverse health effects of gonad-removing surgical sterilization and
luteinizing hormone in dogs. Anim. 2020; 10: 599. DOI: 10.3390/ani10040599

Lefebvre SL, Yang M, Wang M, et al. Effect of age at gonadectomy on the probability of dogs becoming overweight. ] Am
Vet Med. 2013; 243: 236-243. DOI: 10.2460/javma.243.2.236

Makielski KM, Mills L], Sarver AL, et al. Risk factors for development of canine and human osteosarcoma: A comparative
review. Vet Sci. 2019; 6: 48. DOI: 10.3390/vetsci6020048

Mattin M, O’Neill D, Church D, et al. An epidemiological study of diabetes mellitus in dogs attending first opinion practice
in the UK. Vet Rec. 2014; 174: 349-356 DOI: 10.1136/vr.101950

Memon MA (2013), Pyometra in small animals. Merck Manual. Available from: https://www.merckvetmanual.com/repro-
ductive-system/reproductive-diseases-of-the-female-small-animal/pyometra-in-small-animals (accessed on 20 June 2022).
Milne KL, Hayes HM. Epidemiologic features of canine hypothyroidism. Cornell Vet. 1981; 71: 3-14.Available from:
https://babel.hathitrust.org/cgi/pt?id=ucl.b4179407 &view=1up&seq=11

Moore GE, Guptill LF, Ward MP, et al. Adverse events diagnosed within three days of vaccine administration in dogs. ] Am
Vet Med Assoc. 2005; 227: 1102-1108. DOI: 10.2460/javma.2005.227.1102

Prymak C, McKee L], Goldschmidt MH, Glickman LT. Epidemiologic, clinical, pathologic, and prognostic characteristics of
splenic hemangiosarcoma and splenic hematoma in dogs: 217 cases. ] Am Vet Med Assoc. 1988; 193: 706-712.

Reichler IM, Welle M, Eckrich C, et al. Spaying-induced coat changes: the role of gonadotropins, GnRH and GnRH treat-
ment on the hair cycle of female dogs. Vet Dermatol. 2008; 19: 77-87. DOI: 10.1111/j.1365-3164.2008.00652.x

Robinson KL, Bryan MG, Atkinson ES, et al. Neutering is associated with developing hemangiosarcoma in dogs in the Vet-
erinary Medical Database: An age and time-period matched case-control study (1964-2003). Can Vet J. 2020; 61: 499-504.



Univerza v Liubljani '@3 )N ~
- Zdravstvena fakulteta w bl
Proceedings of 7" Socratic Lectures 2022

75 of 172

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Rooster H, Porters N. Effect of spay or castration on long-term health of dogs and cats. In: Ettinger SJ, Feldman ED, Cote E
et al. Textbook of Veterinary Internal Medicine: Diseases of the Dog and the Cat. Eight Edition. Vol 2. St. Louis, Missouri:
Elsevier, 2017: 1860-1862.

Root Kustritz MV. Determining the optimal age for gonadectomy of dogs and cats. ] Am Vet Med Assoc. 2007; 231: 1665-
1675. DOI: 10.2460/javma.231.11.1665

Root Kustritz MV. Effects of surgical sterilization on canine and feline health and on society. Reprod Domest Anim. 2012; 47:
214-222. DOI: 10.1111/j.1439-0531.2012.02078.x

Rota A, Corro M, Patuzzi |, et al. Effect of sterilization on the canine vaginal microbiota: a pilot study. BMC Vet Res. 2020;
16: 455. DOI: 10.1186/s12917-020-02670-3

Ru G, Terracini B, Glickman LT. Host related risk factors for canine osteosarcoma. Vet J. 1998; 156: 31-39. DOI:
10.1016/S1090-0233(98)80059-2

Sapowicz SA, Linder DE, Freeman LM. Body condition scores and evaluation of feeding habits of dogs and cats at a low cost
veterinary clinic and a general practice. Sci World J. 2016: 7. DOI: 10.1155/2016/1901679

Simpson M, Albright S, Wolfe B, et al. Age at gonadectomy and risk of overweight/obesity and orthopedic injury in a cohort
of Golden Retrievers. PLoS One. 2019; 14: 12. DOI: 10.1371/journal.pone.0209131

Sundburg CR, Belanger JM, Bannasch DL, et al. Gonadectomy effects on the risk of immune disorders in the dog: retrospec-
tive study. BMC Vet Res. 2016; 12: 278-288. DOI: 10.1186/s12917-016-0911-5

Torres de la Riva G, Hart BL, Farver TB, et al. Neutering dogs: effects on joint disorders and cancers in golden retrievers.
PLoS ONE. 2013; 8: 7. DOI: 10.1371/journal.pone.0055937

Vail DM. Hematopoietic Tumors. In: Ettinger SJ, Feldman ED, Cote E et al. Textbook of Veterinary Internal Medicine: Dis-
eases of the Dog and the Cat. Eight Edition. Vol 2. St. Louis, Missouri: Elsevier, 2017: 2065

Villamil JA, CJ Henry, AW Hahn, et al. Hormonal and sex impact on the epidemiology of canine lymphoma. ] Cancer Epi-
demiol. 2009; 8. DOLI: 10.1155/2009/591753

Ware WA, Hopper DL. Cardiac tumors in dogs: 1982-1995. ] Vet Intern Med. 1999; 13: 95-103. https://doi.org/10.1111/j.1939-
1676.1999.tb01136.x

Witsberger TH, Villamil JA, Schultz LG, et al. Prevalence of and risk factors for hip dysplasia and cranial cruciate ligament
deficiency in dogs. ] Am Vet Med Assoc. 2008; 232: 1818-1824. DOI: 10.2460/javma.232.12.1818



