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OBJECTIVE

To compare health and behavior outcomes for dogs that underwent vasectomy or ovary-sparing spay (hysterec-
tomy) with sexually intact dogs or dogs that had undergone traditional castration or spay.

SAMPLE

6,018 dog owners responded to a web-based survey between November 3, 2021, and January 7, 2022.

PROCEDURES

Participants were asked demographic questions and to provide information about 1 or more dogs (living or de-
ceased). Options for reproductive status were as follows: sexually intact, castrated, spayed (ovariohysterectomy or
ovariectomy), vasectomy, or ovary-sparing spay (hysterectomy). Participants were asked questions about orthope-
dic and other health problems, cancer, and problematic behavior. Logistic regression models, survival analyses, and
descriptive statistics were used to assess relationships between reproductive status and outcomes.

RESULTS

Owners provided valid surveys for 6,018 dogs, including 1,056 sexually intact, 1,672 castrated, and 58 vasectomized
male dogs and 792 sexually intact, 2,281 spayed, and 159 female dogs that had undergone ovary-sparing spay. Lon-
ger exposure to gonadal hormones, regardless of reproductive status, was associated with reduced odds of general
health problems and both problematic and nuisance behaviors.

CLINICAL RELEVANCE

To our knowledge, this study provides the first data on health and behavior outcomes of vasectomy and ovary-spar-
ing spay in dogs and is the first to compare these outcomes to sexually intact and gonadectomized dogs. It adds to
accumulating data on the mixed benefits and risks of removing the gonads to prevent reproduction and emphasizes
the importance of developing an informed, case-by-case assessment of each patient, taking into consideration the

potential risks and benefits of spaying or neutering and alternative reproductive surgeries.

Previous research? suggests that the prevalence of
surgery to prevent reproduction in dogs in the US
is approximately 64% (861,300/1,339,860 dogs). The
predominant surgical method for preventing repro-
duction in North America is removal of the gonads.
The most common reasons for the recommendation
of gonadectomy in dogs are population control and
behavioral and health benefits.24

While early research has suggested that gonadecto-
my provides substantial health benefits to dogs, a recent
publication® demonstrated that the issue is complex and
health effects might also be partly dependent on the
breed of dog and age at which the dog was spayed or
neutered. Removal of the testes in males prevents the
development of testicular tumors, particularly in crypt-
orchid dogs,? and testosterone-induced conditions such
as benign prostatic hyperplasia’ and perianal adenoma,®

but it also increases the risk of prostatic carcinoma.® In
females, removal of both ovaries and the uterus pre-
vents the development of ovarian tumors and pyometra
and reduces the risk of mammary cancer,? although the
validity of studies assessing the risk of mammary cancer
has been questioned.1?

Gonadectomy is associated with increased risk of
anumber of serious cancers in dogs, including heman-
giosarcoma, lymphoma, mast cell tumors, transitional
cell carcinoma of the bladder, and osteosarcoma.12-17
Larger breeds of dogs appear to be at greater risk for
the carcinogenic effects of gonadectomy, and there
also appear to be breed differences.181% One study!4
demonstrated that cancer is diagnosed at a younger
age in gonadectomized Vizslas.

An association has been reported?® between
gonadectomy and increased risk of obesity, which
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significantly reduces lifespan.?! Gonadectomy is also
associated with increased risk of developing orthope-
dic disorders, including cranial cruciate ligament insuf-
ficiency,22-26 hip dysplasia,182227.28 and patellar luxa-
tion.?% Studies suggest gonadectomized dogs may also
be at increased risk for numerous immune and auto-
immune disorders,3® vaccine reactions,3! hypothyroid-
ism,3 pancreatitis,32 and cognitive impairment.3°

Early studies?4 have suggested that gonadecto-
my is effective in altering undesirable behaviors such
as urine marking, mounting, aggression, and roam-
ing in a large percentage of dogs. Canine aggression
increases the risk of relinquishment to shelters and
behavioral euthanasia3334 and may be an indicator
of poor welfare.3®> More recent studies,3¢-39 however,
have reported conflicting data on the effects of go-
nadectomy on aggression, which, in addition to the
welfare implications, is arguably the most important
behavior issue in terms of human health and safety.
Further, it has been suggested that as sexually intact
dogs age, undesirable behaviors, particularly fearful-
ness and aggression, decline to a greater extent than
in gonadectomized dogs.40

Given the complexity of the risks and benefits of
gonadectomy in dogs, veterinarians and concerned
dog owners have investigated alternative surgical
options, such as vasectomy (VS) and hysterectomy
(ovary-sparing spay [OSS]), that would prevent re-
production while still allowing dogs to retain the
potential benefits of sex hormones.4l Hysterectomy
is chosen rather than other options such as salpin-
gectomy because it prevents reproduction while ab-
rogating the risk of pyometra. Demand is increasing
for alternative surgical methods to prevent repro-
duction,*142 and on social media there are groups
in which clients and veterinarians share their experi-
ences with these procedures.

The objective of this study was to compare
health and behavior outcomes for dogs that under-
went VS or OSS (hysterectomy) with sexually intact
dogs or dogs that had undergone traditional castra-
tion or spay. To the best of our knowledge, there are
no published reports of the effects of VS or hyster-
ectomy on canine health, behavior, or lifespan, or
how these effects compare to dogs that are sexually
intact or gonadectomized. These data are important
if veterinarians are to offer these alternative repro-
ductive surgeries and so that they can appropriately
advise clients of the risks and benefits of these pro-
cedures. We hypothesized that dogs that received a
VS or OSS would have health and behavior profiles
like those of sexually intact dogs because of reten-
tion of gonadal hormones.

Materials and Methods

Procedure

Participants were solicited for a web-based sur-
vey using the platform SurveyMonkey (Momentive)
during a 6-week period from November 3, 2021,
through December 14, 2021. Data continued to be
collected only for vasectomized dogs and dogs with

OSS until January 7, 2022. No incentives were offered
to participants. Solicitation was primarily through
Good Dog’s community newsletters and Facebook.

Participants were asked demographic questions
(age, gender, and country of residence) and then in-
vited to provide information about a dog (living or
deceased), including the dog’s name, breed, healthy
adult weight, whether currently living, age at time of
survey completion or age when deceased, and repro-
ductive status (Supplementary Appendix S1). There
were no limits on the number of dogs for which an
applicant could complete the survey.

The options for reproductive status were as
follows: sexually intact, no reproductive organs re-
moved or at least 1 testicle remaining; castration
(neuter), both testes removed; spay, both ovaries
and the uterus removed or ovariectomy (ovaries re-
moved, leaving the uterus intact); VS, vas deferens
surgically cut and sealed; or OSS (hysterectomy),
uterus removed and ovaries intact. If dogs had a re-
productive surgery, participants were asked for the
age of the dog at the time of the procedure and their
reasons for their choice of procedure.

All participants were asked questions about the
dog’s orthopedic health and diagnoses of cancer and
other health problems (eg, thyroid disorders and
obesity). Participants were asked about 2 categories
of behavior problems: problematic behavior, includ-
ing aggression, anxiety-based behaviors, and ex-
treme fears, and nuisance behaviors (urine marking
and mounting behavior, normal canid behaviors that
are objectionable to many dog owners).43 For sexu-
ally intact dogs, participants responded about the
dog’s health and behavior during the lifetime of the
dog. For dogs that had reproductive surgery, partici-
pants were asked about health and behavior prior to
and after the surgery. Participants could also add in-
formation regarding additional health or behavioral
problems that were not included in the available list
of responses.

If a participant’s dog experienced cancer, the
participant was asked for the dog’s age at diagnosis.
Participants were asked whether their dogs had ex-
perienced any complications from reproductive pro-
cedures, and all participants could leave comments
at the end of the survey.

Statistical analysis

All statistical analyses were performed using
SAS OnDemand for Academics (SAS Institute Inc)
and OpenRefine (Metaweb Technologies Inc). Logis-
tic regression models and descriptive statistics were
used to assess the population and relationships be-
tween reproductive status and outcomes.

Health and behavior outcomes were coded into
binomial variables on the basis of whether the dog
had or had not experienced them. Outcomes were
categorized as follows: orthopedic problems (eg, hip
or elbow dysplasia, patellar luxation), cancer (any
malignant neoplasia), problematic behaviors (eg,
aggression and anxiety-related problems), nuisance
behaviors (mounting and marking), obesity, endo-
crine disorders (eg, thyroid disease or diabetes),

JAVMA | MARCH 2023 | VOL 261 | NO. 3 367

Authenticated null/ Author's copy | Downloaded 03/10/23 09:43 PM UTC



reproductive disorders (eg, pyometra or prostate
infection), and other health problems (any clearly
explained diagnosed health issue, including dental
disease, heart disease, kidney disease, and disorders
of the eye).

Logistic regression models contained the follow-
ing predictor variables: age (in years), weight group
(a categorical variable with 7 levels: < 4.5 kg, 4.5 to
9.1 kg, 9.2 to 18.2 kg, 18.3 to 27.3 kg, 27.4 to 36.4
kg, 36.5 to 45.5 kg, or > 45.5 kg), whether the dog
was living or deceased at the time of the survey, re-
productive status (sexually intact male [IM], sexually
intact female [IF], neutered male [NM], spayed fe-
male [SF], VS, and OSS), and the duration gonads
were present (for sexually intact dogs and dogs with
a VS or OSS, the current age of the dog in months;
for all other dogs, the age at the time gonads were
removed in months). A separate model was run for
each of the binomial health and behavior outcomes
as the dependent variable.

Data were checked to determine that they met
the assumptions of the logistic regression model.
Continuous independent variables were tested for
linearity in the logit, and a square root transforma-
tion was performed on variables that violated this
assumption.#4 To address any violations of the as-
sumption that independent variables were not cor-
related, each logistic regression model was first run
with both variables, then with each predictor omit-
ted. Akaike information criterion (a measure of rela-
tive quality of models being compared, with lower
values indicating a better fit) and receiver operating
characteristic (ROC) curves (the probabilities that
predict a binary outcome, with higher values indicat-
ing better predictive value) were used to determine
which model best fit the data. In all analyses except
for orthopedic conditions, the full model was used.

To compare the age of cancer diagnosis among
dogs that experienced cancer, an ANOVA was con-
ducted, with reproductive group (sexually intact,
gonadectomized, or VS-OSS) and duration gonads
were present as the predictor variables and the out-
come variable of age at cancer diagnosis.

Lifespan based on reproductive group was com-
pared using a Kaplan-Meier analysis, comparing
lifespan between groups with a log rank test. Cox
proportional hazard regression analysis was also
performed to investigate the effects of reproductive
group, age, duration gonads were present, whether
the dog was living, and the presence of a health or
behavioral condition on lifespan. a was set to < 0.05
for all analyses unless otherwise indicated.

Results

Descriptive statistics

In total, 6,475 participants started the survey,
which resulted in 6,018 valid surveys. Reasons for in-
valid surveys included duplicates (based on partici-
pant demographics, dog information, and internet
protocol address) and incomplete surveys (n = 271),
those collected after the initial 6 weeks of the survey

if dogs were not in the VS or OSS (hysterectomy) re-
productive categories (85), and those for dogs un-
der a year of age at the time of the survey (101).

The final data set included surveys representing
3,753 dogs that were living at the time of the survey
and 2,265 dogs that were deceased. This included
data for 1,056 sexually intact, 1,672 castrated, and
58 vasectomized males and 792 sexually intact, 2,281
spayed, and 159 females that had undergone an OSS.

Of respondents who specified their gender,
95% identified as female (5,693/6,018) and 3%
(201/6,018) identified as male. Most participants
lived in the US (4,240/6,018 [70%]) or Canada
(992/6,018 [16%]). The ranges of participant ages
were as follows: 18 to 24 (138/6,018 [2%]), 25 to 34
(632/6,018 [< 11%]), 35 to 44 (917/6,018 [15%]), 45
to 54 (1,210/6,018 [20%]), 55 to 64 (1,726/6,018
[29%]), and > 65 (1,273/6,018 [21%]).

The reported mean age of all dogs in the study
was 8.85 years (SD, 4.38 years), with a range from 1
to 21 years of age. Mean ages by reproductive status
were 6.9 + 4.4 years for IMs, 9.9 + 4 years for cas-
trated males, 5.5 + 3.5 years for vasectomized males,
5.8 + 3.8 years for IFs, 10.2 + 3.9 years for SFs, and
7.1 + 3.8 years for hysterectomized females.

Mean duration that gonads were present was 82.9
+ 53 months for IMs, 30 £ 34.3 months for castrated
males, 22.9 + 20.6 months for vasectomized males, 70
+ 46 months for IFs, 35.6 + 33.7 months for SFs, and
45.4 + 34.6 months for hysterectomized females.

Most dogs (77% [4,626/6,018]) had a healthy
adult weight of between 9.1 and 36.3 kg (weight dis-
tribution: < 4.5 kg, 3% [183/6,018]; 4.5 to 9.1 kg, <
11% [642/6,018]; 9.2 to 18.2 kg, 21% [1,256/6,018];
18.3 to 27.3 kg, 33% [1,986/6,018]; 27.4 to 36.4 kg,
23% [1,384/6,018]; 36.5 to 45.5 kg, 6% [352/6,0187;
or > 45.5 kg, < 4% [215/6,018]).

The prevalence of health conditions (Supplemen-
tary Table S1) and behavior problems (Supplemen-
tary Table S2) was as follows: orthopedic conditions
(759/6,018 [12.6%]), cancer (1,127/6,018 [18.7%]),
obesity (192/6,018 [3.2%]), endocrine disorders
(320/6,018[5.3%]), reproductive conditions (194,/6,018
[3.2%]), other health conditions (1,074/6,018 [17.8]),
problematic behaviors (2,035/6,018 [33.8%]), and nui-
sance behaviors (484/6,018 [8%]).

Logistic regression models

There were no outliers in the data. Before run-
ning logistic regression models, we performed a
square root transformation on the duration gonads
were present because it violated the assumption
for linearity in the logit. The independent variables
reproductive group and duration gonads were pres-
ent were statistically related (ANOVA results, F [2,
5,865] = 355.61; P < .001). To address this violation
of the assumption that independent variables are
not correlated, each logistic regression model was
first run with both variables (reproductive group
and duration gonads were present), then with each
predictor omitted. Results are reported including a
Bonferroni correction of a < 0.003 to address com-
parisons between reproductive groups.
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Health problems

Orthopedic problems—The overall model was sta-
tistically significant (X2[8] = 168.74; P < .001). Odds of
an orthopedic problem increased with gonadectomy
so that NM (353/1,672 [21%]) and SF dogs (442/2,281
[19%]) had more reported orthopedic problems com-
pared to IM (72/1,056 [7%]), IF (26/792 [3%]), and OSS
dogs (12/159 [8%]). IM dogs also had higher odds of
orthopedic problems compared to IF dogs. Increasing
size (OR=1.12; Cl, 1.06 to 1.19; P < .001) and age (OR
=1.07; Cl, 1.05 to 1.10; P < .001) were associated with
increased odds of orthopedic problems. Being alive at
the time of the survey was not a significant predictor.
Duration that gonads were present was dropped from
the model due to issues with multicollinearity (Table 1).

Table 1—0dds ratios for orthopedic conditions, cancer,
and obesity for 6,018 dogs as reported by their own-
ers in an online survey conducted between November
3, 2021, and January 7, 2022, to gather patient-related
information about health and behavior outcomes in
dogs that underwent vasectomy or ovary-sparing spay
(OSS), compared with sexually intact dogs or dogs that
had undergone traditional castration or spay.

Predictor OR 95% CI
Orthopedic
Reproductive groups?
NM-IM 1.40* 1.09-1.79
NM-IF 2.15* 1.55-3.01
NM-0SS 2.60* 1.30-5.18
SF-IM 1.40* 1.10-1.77
SF-IF 2.16** 1.56-2.99
SF-0OSS 2.60* 1.31-5.17
IM-IF 1.55* 1.08-2.22
Gonads (mo)bt Removed
Body weight group 1.12* 1.06-1.19
Living (yes) 0.90 0.75-1.08
Age (y) 1.07* 1.05-1.10
Cancer
Reproductive groups?
NM-IM 1.42* 1.11-1.82
SF-IM 1.49** 1.17-1.90
Gonads (mo)® 1.00 0.98-1.03
Body weight group 1.20* 1.13-1.27
Living (yes) 0.06* 0.04-0.07
Age (y) 0.99 0.96-1.01
Obesity
Reproductive groups?
NM-IM 29.98** 7.19-125.09
NM-IF 7.80** 3.04-20.03
0SS-IM 14.17** 2.57-78.11
SF-IM 25.60** 6.26-104.60
SF-IF 6.63** 2.60-16.92
Gonads (mo)b 1.01 0.96-1.06
Body weight group 1.23* 1.09-1.38
Living (yes) 0.81 0.58-1.16
Age (y) 1.01 0.97-1.06

|F = Sexually intact female. IM = Sexually intact male. NM
= Neutered male. OSS = Ovary-sparing spayed female. SF =
Spayed female. VS = Vasectomized dog.

aFor reproductive groups, the first listed is the reference
group for the OR. PGonads = Duration gonads were present,
in months. Body weight groups: < 4.5 kg, 4.5 t0 9.1 kg, 9.2 to
18.2 kg, 18.3 to 27.3 kg, 27.4 to 36.4 kg, 36.5 to 45.5 kg, or >
45.5kg.

*Statistically significant at a < 0.05. **Statistically signifi-
cant with Bonferroni correction of a < 0.003.

f+Independent variable removed due to collinearity.

The ROC curve for the model showed the area
under the curve was 0.69, indicating low predictive
ability of the model. The sensitivity (true positives)
was 0, and the specificity (true negatives) was 100.
The Hosmer-Lemeshow x2 test was not significant (P
=.18), suggesting that the model was a good fit.

Cancer—The overall model was statistically signifi-
cant (X2[9] = 1,511.92; P < .001). IM dogs (93/1,056
[9%]) were less likely to have cancer than gonadec-
tomized dogs (NM, 464/1,672 [28%]; SF, 582/2,281
[26%]; Table 1). Increased size was associated with
increased odds of being diagnosed with cancer (OR =
1.20; Cl, 1.13 to 1.27; P < .001). Dogs that were living
were less likely to have had a cancer diagnosis (OR =
0.06; ClI, 0.04 to 0.07; P < .001) than deceased dogs.
The age of the dog and the duration gonads were pres-
ent were not significant predictors of having cancer.

The ROC curve for the model showed the area
under the curve was 0.83, indicating good predictive
ability of the model. The sensitivity was 19.5, and the
specificity was 95.5. The Hosmer-Lemeshow x? test
suggested the observed number of cancer cases did
not match the expected event rates in population sub-
groups (X?[8] = 21.16; P =.007).

No VS-OSS dogs were diagnosed with cancer
before their surgery. Twenty-three (10.6% [23/2171)
VS-0SS dogs were diagnosed with cancer after their
reproductive surgery, and 205 (11% [205/1,8481)
sexually intact dogs were diagnosed with cancer.

We compared the age at cancer diagnosis be-
tween reproductive groups. Gonadectomized dogs
that were diagnosed with cancer before being go-
nadectomized (98/3,953 [2.5%]) were diagnosed by
a mean age of 7.63 years (SD, 3.18 years), and those
that were diagnosed with cancer after being gonad-
ectomized (942/3,953 [23.8%]) were diagnosed by a
mean age of 10.15 years (SD, 2.77 years).

The mean age at which VS-0OSS dogs were diag-
nosed with cancer after their reproductive surgery
(9.18 years; SD, 3.14 years) was not significantly dif-
ferent from the mean age at which sexually intact
dogs were diagnosed with cancer (9.30 years; SD,
2.74 years). Gonadectomized dogs had a later mean
age of cancer diagnosis (F[2,1,167]=8.73; P<.001)
compared to both sexually intact and VS-OSS dogs.

Thus, although gonadectomized dogs overall
had a later cancer diagnosis, significantly more go-
nadectomized dogs were diagnosed with cancer
compared to sexually intact dogs. Longer duration
that gonads were present correlated with a later age
of cancer diagnosis (r = 0.12; P < .001).

Twenty-six IFs were diagnosed with mammary
cancer (26/792 [3.2%] of IFs); among SFs, 39 were
diagnosed with mammary cancer before spay sur-
gery (39/2,281 [1.7%] of SFs) and 42 were diag-
nosed after spay surgery (42/2,281 [1.8%] of SFs).
Four dogs were diagnosed with mammary cancer
after the OSS procedure (4/159 [2.5%] of OSS dogs).

Obesity—The overall model was statistically sig-
nificant (X2[9] = 127.28; P < .001). IM (2/1,056 [< 1%])
and IF dogs (0/792) were less likely to be reported as
obese compared to NM (91/1,672 [5%]) and SF dogs
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(100/2,281 [4%]). IM dogs were also less likely to be re-
ported as obese than OSS dogs (1/159 [< 1%]). There
was no relationship between obesity and duration go-
nads were present, age, or being alive at the time of the
survey. The associated odds of obesity increased as size
increased (OR =1.23; Cl, 1.09 to 1.38; P < .001; Table 1).

The ROC curve for the model showed the area un-
der the curve was 0.72, indicating fair predictive ability
of the model. The sensitivity was 0, and the specificity
was 100. The Hosmer-Lemeshow X2 test was not sig-
nificant (P =.20), suggesting the model was a good fit.

Endocrine conditions—The overall model was statisti-
cally significant (X2[9] = 157.73; P< .001). IF dogs (12/792
[< 2%]) were less likely to have an endocrine condition
compared to IM (45/1,056 [4%]), NM (107/1,672 [6%]),
and SF dogs (163/2,281 [7%]). Duration gonads were
present and size were not related to the presence of an
endocrine condition. Increasing age was associated with
increased odds of being diagnosed with an endocrine con-
dition (OR = 1.13; Cl, 1.09 to 1.18; P < .001). Being alive at
the time of the survey was associated with decreased odds
of endocrine-related disease compared to deceased dogs
(OR =0.66; Cl, 0.50 t0 0.88; P = .004; Table 2).

Table 2—0dds ratios for endocrine and reproductive
disorders and other health problems for 6,018 dogs as
reported by their owners in an online survey conducted
between November 3, 2021, and January 7, 2022, to
gather patient-related information about health and
behavior outcomes in dogs that underwent vasectomy
or OSS, compared with sexually intact dogs or dogs
that had undergone traditional castration or spay.

Predictor OR 95% CI
Endocrine
Reproductive groups
IM-IF 2.38* 1.24-4.56
NM-IF 2.04* 1.05-3.95
SF-IF 2.32* 1.22-4.43
Gonads (mo)® 0.97 0.93-1.01
Size group 1.05 0.96-1.16
Living (yes) 0.66* 0.50-0.88
Age (y) 1.13* 1.09-1.18
Reproductive
Reproductive groups
IM-NM 4.11* 1.97-8.59
IF-NM 4.65** 2.17-10.02
SF-NM 4.33** 2.19-8.56
0SS-NM 8.32%* 3.23-21.38
Gonads (mo)® 1.36* 1.25-1.47
Body weight group 1.12* 1.02-1.30
Living (yes) 0.53* 0.37-0.77
Age 0.99 0.93-1.06
Other health
Reproductive groups
SF-IM 1.45* 1.13-1.86
SF-IF 2.00** 1.46-2.72
SF-NM 1.72** 1.46-2.04
IM-IF 1.39* 1.01-1.90
Gonads (mo)® 0.97* 0.94-0.99
Body weight group 1.10* 1.04-1.17
Living (yes) 0.71* 0.60-0.84
Age (y) 1.12* 1.09-1.14

*Statistically significant at a < 0.05. **Statistically signifi-
cant with Bonferroni correction of a < 0.003.
See Table 1 for the rest of the key.

The ROC curve for the model showed the area
under the curve was 0.70, indicating fair predic-
tive ability of the model. The sensitivity was 0, and
the specificity was 100. The Hosmer-Lemeshow x2
test was significant (X2[8] = 27.01; P < .001), sug-
gesting that the observed number of endocrine
problems did not match the expected event rates
in population subgroups.

Reproductive conditions—The overall model
was statistically significant (X2[9] = 280.35; P <
.001). NMs (6/1,672 [< 1%]) were less likely to have
areported reproductive health problem compared to
IM (71/1,056 [7%)), IF (33/792 [4%]), OSS (11/159
[7%]1), and SF dogs (60/2,281 [3%]; Table 2). Increas-
ing duration that gonads were present (OR = 1.36;
Cl, 1.25 to 1.47; P < .001) and increasing size (OR =
1.15; ClI, 1.02 to 1.30; P = .02) were associated with
increased odds of a reproductive health problem.
Being alive at the time of the survey decreased the
likelihood of having at least 1 diagnosed reproduc-
tive health problem (OR = 0.53; Cl, 0.37 t0 0.77; P <
.001). Age was not associated with having a repro-
ductive health problem (Table 2).

The ROC curve for the model showed the area
under the curve was 0.82, indicating good predictive
ability of the model. The sensitivity was 0, and the
specificity was 100. The Hosmer-Lemeshow x? test
was not significant (P = 0.18), suggesting the model
was a good fit.

Other health problems—The overall model was
statistically significant (X?[9] = 391.24; P < .001).
SFs (586/2,281 [26%]) were more likely to have a re-
ported health problem compared to IM (139/1,056
[13%D), IF (67/792 [8%]), and NM dogs (288/1,672
[17%]), and IMs were more likely to have a reported
health problem compared to IF dogs. Longer dura-
tion that gonads were present reduced the likelihood
of experiencing another health problem (OR = 0.97;
Cl, 0.94 to 0.99; P = .02). The associated OR of an-
other health problem increased as age and size in-
creased (OR =1.12; ClI, 1.09 to 1.14; P < .001; and
OR =1.10; ClI, 1.04 to 1.17; P < .001, respectively).
Dogs that were alive at the time of the survey were
less likely to have had another health problem than
dogs that were not (OR = 0.71; Cl, 0.60 to 0.84; P <
.001; Table 2).

The ROC curve for the model showed the area
under the curve was 0.69, indicating low predictive
ability of the model. The sensitivity was 0.1, and
the specificity was 100. The Hosmer-Lemeshow x?2
test was significant (X?[8] = 51.72; P < .001), sug-
gesting that the observed number of other health
problems did not match the expected event rates
in population subgroups.

Problematic behaviors

The overall model was statistically significant
(X2[9] = 237.19; P < .001). NM dogs (881/1,672
[53%]) were more likely to be reported to have a
problematic behavior compared to IM (373/1,056
[35%D), IF (221/792 [28%]), SF (939/2,281 [41%)),
and OSS dogs (69/159[43%]; Table 3).
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Table 3—0dds ratios for problematic and nuisance be-
havior of 6,018 dogs as reported by their owners in an
online survey conducted between November 3, 2021,
and January 7, 2022, to gather patient-related informa-
tion about health and behavior outcomes in dogs that
underwent vasectomy or OSS, compared with sexually
intact dogs or dogs that had undergone traditional cas-
tration or spay.

Predictor OR 95% ClI

Problematic behaviors
Reproductive groups
NM-IM 1.48** 1.21-1.81
NM-IF 1.79** 1.44-2.23
NM-SF 1.45%* 1.27-1.66
NM-0OSS 1.58* 1.10-2.27
Gonads (mo)P 0.91* 0.89-0.93
Body weight group 0.92* 0.88-0.96
Living (yes) 1.23* 1.07-1.42
Age (y) 1.01 0.99-1.03

Nuisance behaviors
Reproductive groups
IM-IF 3.79** 2.52-5.71
NM-IF 2.97** 1.90-4.63
VS-IF 5.77** 2.73-12.19
OSS-IF 2.80** 1.47-5.30
IM-SF 2.67** 1.93-3.70
NM-SF 2.09** 1.65-2.66
VS-SF 4.07** 2.07-7.99
OSS-SF 1.97* 1.13-3.45
Gonads (mo)P 0.95* 0.92-0.99
Body weight group 0.78* 0.72-0.84
Living (yes) 1.37* 1.06-1.76
Age (y) 1.00 0.97-1.03

a*Statistically significant at a = 0.05. P**Statistically signifi-
cant with Bonferroni correction of a < 0.003
See Table 1 for the rest of the key.

The associated odds of problematic behavior de-
creased as duration gonads were present and size in-
creased (OR=0.91; Cl,0.89t0 0.93; P<.001;and OR
=0.92; Cl, 0.88 to 0.96; P < .001, respectively). Dogs
that were alive at the time of the survey were more
likely to be described as having problematic behav-
ior (OR =1.23; Cl, 1.07 to 1.42; P = .005), regardless
of reproductive status. There was no effect of age on
the likelihood of problematic behavior (Table 3).

The ROC curve for the model showed the area
under the curve was 0.62, indicating low predictive
ability of the model. The sensitivity was 9.3, and the
specificity was 95.8. The Hosmer-Lemeshow x? test
was significant (X2[8] = 19.4; P =.01), suggesting that
the observed number of behavior cases did not match
the expected event rates in population subgroups.

Nuisance behaviors—The overall model was
statistically significant (X?[9] = 149.67; P < .001). IF
(32/792 [4%]) and SF dogs (133/2,281 [6%]) were
less likely to exhibit nuisance behaviors compared
to IM (133/1,056 [13%]), NM (187/1,672 [11%]), VS
(12/58 [21%]), and OSS dogs (16/159 [10%]). Lon-
ger duration that gonads were present reduced the
likelihood of nuisance behaviors (OR = 0.95; Cl, 0.92
to 1.00; P = .02). Dogs that were alive at the time of
the survey were more likely to display mounting or
marking (OR = 1.37; Cl, 1.06 to 1.76; P = .015). The

associated odds of displaying nuisance behaviors
decreased as size increased (OR = 0.78; Cl, 0.72 to
0.84; P < .001). Age was not a significant predictor
of nuisance behaviors (Table 3).

The ROC curve for the model showed the area
under the curve was 0.66, indicating low predictive
ability of the model. The sensitivity was 0, and the
specificity was 100. The Hosmer-Lemeshow x? test
was not significant (P = 0.37), suggesting that the
model was a good fit.

Lifespan analysis

The Kaplan-Meier test estimating survival prob-
abilities found significant differences among the
6 reproductive groups (X?[5] = 17.86; P = .003);
however, in pairwise comparisons (a adjusted to <
0.003), the only statistical difference was between
NM and SF dogs (X?[1] = 12.59; P < .001). The re-
sults of the Cox proportional hazards model (Table 4)
found that IM and IF dogs had higher hazard ratios
(shorter lifespans) compared to all other reproduc-
tive groups. Being larger and having cancer were
associated with a higher hazard ratio (shorter lifes-
pan). Longer duration that gonads were present and
exhibiting nuisance behaviors were associated with
a longer lifespan.

Table 4—Results of the Cox proportional hazards re-
gression model with lifespan as outcome.

Predictor Hazard ratio  95% Cl P value
Reproductive
groups
IF-SF 3.08 2.41-3.94 <.001
IF-NM 2.85 2.21-3.66 <.001
IF-VS 6.43 2.02-20.46  .002
IF-0SS 2.56 1.68-3.91 <.001
IM-SF 2.67 2.16-3.30 <.001
IM-NM 2.46 1.98-3.06 <.001
IM-VS 5.56 1.76-17.58  .004
IM-0SS 2.22 1.48-3.31 <.001
Duration gonads 0.99 0.99-0.99 <.001
were present
Body weight group  1.34 1.29-1.39 <.001
Orthopedic 0.85 0.76-0.96 .007
Cancer 2.18 2.00-2.38 <.001
Obesity 1.08 0.87-1.36 .48
Endocrine 0.99 0.83-1.18 91
Reproductive health  1.00 0.81-1.24 .98
Other health 0.99 0.88-1.12 .88
Problematic behavior 0.91 0.83-1.00 .06
Nuisance behavior 0.82 0.69-0.98 .03

See Table 1 for the key.

Reasons for reproductive choice

The most common reasons for keeping male
and female dogs sexually intact included want-
ing to breed the dog (1,074/1,848 [58%]) or com-
pete in conformation (778/1,848 [42%]), a belief
that sexually intact dogs are healthier (861/1,848
[47%]), because the participant saw no reason to
perform the surgery (648/1,056 [61%] owners of
IM dogs and 344/792 [43%] owners of IF dogs), and
concerns about orthopedic problems (693/1,848
[38%]). Participants whose dogs had an OSS or VS
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felt that these procedures resulted in healthier dogs
(142/217 [65%]), and they wanted to prevent breed-
ing (84/217 [39%]) or, in the case of female dogs,
pyometra (74/159 [47%]).

For SFs, participants wanted to prevent breed-
ing (774/2,281 [34%]) and pyometra (726/2,281
[32%]) and avoid managing a dog in heat (663/2,281
[29%]). Concern of mammary cancer was not a ma-
jor consideration, with only 20% of participants with
spayed dogs endorsing this item. The most common
reasons for castrating male dogs were to prevent
breeding (462/1,672 [28%]), because a veterinarian
recommended it (352/1,672 [21%]), and that it was
required by a breeder or rescue (323/1,672 [19%]).

Complications from alternative

surgical procedures

Seven participants (7/58 [12%]) reported com-
plications for vasectomized dogs, including localized
pain (n = 1), swelling or infection at the suture site
(4), an atrophied testicle (1), and a reaction to anes-
thesia (1). Twelve participants (12/159 [7%]) report-
ed complications related to OSS. Two participants
noted personality changes in their dog postsurgery.
One dog developed pyometra, and another had a
benign cyst of the uterine stump. Other complica-
tions included difficult surgery or recovery (n = 4), a
lost tooth due to the breathing tube (1), and heavy
bleeding or frequent heat cycles (3). We did not ask
participants if their dogs experienced complications
from traditional spay or castration.

Discussion

To our knowledge, this study was the first to ex-
amine the health and behavior outcomes of dogs
that underwent VS or OSS (hysterectomy) surger-
ies and to compare those outcomes to sexually in-
tact or gonadectomized dogs. We hypothesized that
the increased exposure to gonadal hormones would
give these dogs health and behavioral profiles similar
to sexually intact dogs. Our most important finding
was that longer duration that gonads were pres-
ent, regardless of reproductive status, was associ-
ated with fewer general health problems and both
problematic and nuisance behaviors. It was also
associated with an increased lifespan. Because VS
and OSS permit dogs to experience longer gonadal
hormone exposure times, these data suggest that,
when electing surgery to prevent reproduction,
dogs might benefit from these alternative surger-
ies with respect to general health and experience
better behavior outcomes compared to undergoing
traditional spay-neuter surgery. Delaying tradition-
al spay-neuter surgery could offer similar benefits.

Being sexually intact or having an OSS were as-
sociated with lower odds of orthopedic problems,
consistent with other studies!418.22.26-28 showing lower
risks of a variety of orthopedic problems in sexually
intact dogs as compared to gonadectomized dogs.
Our data also showed that orthopedic conditions
were more common in larger dogs and older dogs.

Our results were also consistent with previous
studies!422.27 indicating that the associated odds of
cancer is significantly lower for sexually intact dogs
than gonadectomized dogs. Although gonadec-
tomized dogs had a later cancer diagnosis, signifi-
cantly more gonadectomized dogs were diagnosed
with cancer compared to sexually intact dogs. This is
consistent with a study* of gonadectomy in Vizslas
that found that the later dogs underwent gonadec-
tomy, the later their diagnosis of cancer. The finding
of more cancer in larger dogs is also consistent with
previous research.1®

There were other effects of reproductive status
on outcomes. Gonadectomized dogs and dogs that
underwent OSS were more likely to be obese than
sexually intact dogs, but there was no relationship
between duration that gonads were present and obe-
sity. This suggests that the causes of obesity are more
complex than just the absence of gonadal hormones.

Longer duration that gonads were present was
associated with a small but significant reduced likeli-
hood of experiencing health problems other than the
ones we provided as options for participants. Con-
trary to previous studies#>46 that found that removal
of gonadal hormones may lead to an imbalance in
the feedback mechanisms of the pituitary-adrenal
axis, we found no relationship between reproductive
status nor duration gonads were present with the
presence of an endocrine condition.

Our data also indicated that the associated
prevalence of both problematic and nuisance behav-
iors decreased with increased exposure to gonadal
hormones. Male dogs of all reproductive groups and
dogs with an OSS were reportedly more likely to
mark or mount than sexually intact and SF dogs. Fur-
ther, there was no difference in marking or mounting
between gonadectomized and IM dogs.

Taken together, these data suggest that gonad-
al hormone exposure time may be a more sensitive
way to examine the effects of reproductive surgery
on health and behavior than categorizing dogs into
groups by type of reproductive surgery. This is like-
ly because there may be significant overlap in the
length of exposure to gonadal hormones between
the 6 groups examined in this study.

The major limitations of this study were the
relatively low number of dogs represented in the
survey that had undergone VS or OSS (n = 217), as
well as a generally low prevalence of reported health
conditions. This likely reduced our ability to detect
differences between groups for some of the health
conditions and behavior issues (cancer, endocrine
conditions, and problematic behaviors) that were
targeted. As with any retrospective study, these sur-
vey data were limited by recall bias. Survey respon-
dents needed internet access and computer skills to
find and respond to the survey, and many respon-
dents were members of Good Dog, an organization
that promotes responsible dog breeding, so the sur-
vey data likely represented information from larger
numbers of purebred dogs than might be seen in the
overall population of North American dogs. Finally,
the data might have been altered by cause-and-
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effect issues. For example, some dogs might have
been spayed or neutered because of health prob-
lems and some of the health problems examined
were likely just a typical part of aging.

Nonetheless, these data demonstrated potential
health and behavior benefits to dogs of both sexes
experiencing longer exposure to gonadal hormones.
Given the relatively low risk of these alternative sur-
geries, particularly in the hands of experienced vet-
erinary practitioners, veterinarians might consider
offering these alternative reproductive surgeries to
allow dogs to obtain these benefits without experi-
encing unintentional reproduction. Additional studies
are needed before these alternative surgeries can be
presented as a routine option for prevention of repro-
duction in dogs. There is a need for studies examin-
ing whether there are any long-term hormone-related
consequences of removal of the uterus with retention
of the ovaries, such as increased risk of mammary
cancer. There were too few dogs undergoing OSS in
this study to accurately detect changes in the risk of
mammary cancer in these dogs. While hysterectomy
is performed on hundreds of thousands of women an-
nually,%’ there are too many differences in the repro-
ductive biology of humans and dogs to assume that
dogs will respond in the same way as women. Fur-
thermore, we refer the reader to the American College
of Theriogenologists’ position statement on gonad-
sparing sterilization procedures.*8

To our knowledge, this study provided the first
data on the health and behavior outcomes of VS and
0SS in dogs and was the first to compare these out-
comes to sexually intact and gonadectomized dogs.
Our findings emphasize the importance of gonadal
hormone exposure to canine health and behavior. This
evidence supports the 2021 statement by Dr. Kendall
Houlihan, the AVMA’s Associate Director of Animal
Welfare: “AVMA promotes the professional judgment
of the veterinarian in developing an informed, case-
by-case assessment of each individual patient, tak-
ing into account all the potential risks and benefits of
spay/neuter.”4® We encourage veterinary schools to
discuss with their students the evidence for the vari-
ous surgical options available to prevent reproduction
while optimizing the health and behavior of dogs.
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