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Abstract

Introduction: Animal shelters consider return-to-owner (RTO) as an ideal outcome for ani-
mals, owners, and shelters. Methods to increase RTO likelihood are frequently discussed by 
shelter professionals nationwide. Some of these methods are evidence-based, while others are 
anecdotally successful. This retrospective study aimed to provide evidence for commonly sug-
gested methods, as well as identify additional factors influencing RTO likelihood.
Methods: Data from 5,960 dog and 3,489 cat impounds were obtained from a large municipal 
animal shelter in Utah, USA. Directed acyclic graphs were developed to visualize causal assump-
tions, which were used to identify confounders for adjustment in the logistic regression while 
modeling the associations between study variables and RTO outcomes for both dogs and cats.
Results: Dogs and cats with microchips, older animals, healthy animals, neutered animals, and 
animals brought to the shelter via another public agency were more likely to return to their 
owners. Animal sex and season of impound did not affect either dogs’ or cats’ RTO likelihood.
Conclusion: The characteristics influencing RTO likelihood were similar for both dogs and 
cats. These influences provide support for existing shelter practices, such as facilitating wide-
spread microchipping and waiving reclamation fees, while also encouraging implementation 
of new practices, such as modifying stray hold periods based on source type or health status. 
Limitations of the study included the presence of incomplete information in the database and 
concerns with the generalizability of results to other shelters.
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An estimated 4.4 million animals enter United States 
(US) animal shelters each year.1 These animals enter 
for various reasons: An estimated 23.7% are relin-

quished by owners, 11.9% are transferred from other shel-
ters, and 8.3% are brought in for euthanasia. Most (54.2%), 
however, come to shelters as stray animals.1 Animals become 
stray for many reasons, but in the US, many stray dogs and 
cats are lost or escaped pets.2 When these pets enter a shelter, 
returning them to their owners is an ideal outcome.3

Return to owner (RTO) is a metric used by animal shel-
ters to measure how many animals who enter the shelter are 
subsequently reunited with their owners. Many resources 
aimed at improving RTO programs exist,4,5,a,b and improving 

a.  Return to Home Challenge Resources. Maddie’s Fund. Accessed 
August 8, 2023. https://www.maddiesfund.org/return-to-home-challenge-
resources.htm

b.  Lost Pet Reunification. Human Animal Support Services. Accessed 
August 8, 2023. https://www.humananimalsupportservices.org/toolkit/
lost-pet-reunification/

RTO likelihood is a frequent topic in animal welfare discus-
sions and blogs.c,d Ideas frequently shared in these resources 
include microchipping and neutering animals, reducing 
impound fees, and encouraging owners to use pet identifi-
cation tags. These suggestions are based on previous studies 
that identified the presence of a microchip,2,6–12 the animal’s 
age and purebred status,13 and presence of collars or tags2,7,14 
affected RTO likelihood. Additional studies looking at lost 
animals that were not taken to a shelter found other factors 
influencing RTO likelihood, such as sex,7 neuter status,7,11 
animal behavior,7 and coat characteristics.7,11 However, 
many of these studies occurred outside of the US.7–11 Even 
within the US, RTO likelihood can vary greatly between 
regions,6,12 so factors affecting RTO likelihood may vary 
as well. Additionally, most of these studies looked only at 

c.  Maddie’s Fund Weekly Community Conversations. Accessed October 
10, 2023. https://forum.maddiesfund.org/communityconversations

d.  The Latest from HASS. Human-Animal Support Services. Accessed 
October 10, 2023. https://www.humananimalsupportservices.org/blog 
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dogs (only three studies6,8,11 included cats in their analyses). 
Feline RTO likelihood typically lags far behind canine RTO 
likelihood,1 and although many cats entering shelters are 
community cats without owners,15 shelters must know how 
they can best help owned stray cats return to their owners, 
so more information about cat RTO factors is needed.

This study described the characteristics of dogs and cats 
entering one US animal shelter and tested the association 
between these characteristics and RTO with the goal of 
strengthening evidence that methods used in existing RTO 
programs are beneficial, as well as testing new character-
istics that shelters can use to increase RTO likelihood for 
both dogs and cats. Although the findings from this singu-
lar study may not be applicable to all shelters, these find-
ings may still inform practices as well as inspire further 
research.

Methods
This study received approval by the University of British 
Columbia’s Behavioral Research Ethics Board (ID: H21-
01115). A retrospective study was performed using data col-
lected by Salt Lake County Animal Services (SLCoAS), a 
large municipal animal shelter in Utah, USA.  SLCoAS uses 
ShelterBuddy (RSPCA Queensland, Version 3) to maintain 
record of their animal population. Data were obtained from 
ShelterBuddy’s pre-existing ‘Incoming Detail List’ report and 
exported to Microsoft Excel 2019 (Microsoft Corporation, 
Version 1808, 2020). The selected date range was December 
15, 2020 through October 31, 2022.

Only impounds of dogs and cats were included in this 
study. All other species were removed from the database. 
The data were split into dog impounds and cat impounds, 
organized, and cleaned using Excel.

Study criteria
Initially, 6,902 dog impound records were identified. Dogs 
considered ineligible for RTO, such as those deceased 
at intake, those relinquished by owners, and adoption 
returns were removed from the dataset, resulting in 
6,056 impounds. All dogs less than 2 months of age were 
removed from the dataset. This was done because most 
dogs in the US are not adopted or purchased until at least 
2 months of age,16 so these puppies were very unlikely to 
have owners. The final dog dataset had 5,960 impounds.

Initially, 9,484 cat records were identified. Cats inel-
igible for RTO, such as those deceased at intake and 
those relinquished by owners, were removed from the 
dataset, resulting in 8,074 records. Cats in the shelter’s 
Trap-Neuter-Release (TNR) and Return-to-Field (RTF) 
programs were also removed, as cats in these programs 
are community cats who, by definition, do not have own-
ers. This left 5,097 records. Like dogs, all cats less than 2 
months of age were removed from the dataset. Thus, the 
final cat dataset had 3,489 impounds.

Definition of variables
All impounds were assigned one of two outcomes: RTO 
(RTOs performed at the shelter and those performed in 
the field by animal control officers [ACOs]), and not RTO 
(all other outcomes: adoption, transfer out, euthanasia, 
died in care, and escaped).

Dog and cat datasets also contained the following vari-
ables: month of impound (further grouped into summer 
months for dogs and kitten season for cats), age group, 
sex, neuter status, microchip, source type, health status, 
breed group, color group, income, and distance. The dog 
dataset also had the variable of size group. Definitions for 
selected variables follow.

Season of impound
Month of impound was further grouped into summer 
months (April–September) for dogs, and kitten season 
(March–August) for cats. This was done because the cir-
cumstances and conditions, such as health conditions and 
desire to roam, of dogs and cats can vary greatly between 
seasons.17–19 Additionally, because cats are seasonal breed-
ers, they give birth in spring and summer months, so kit-
tens enter shelters at much higher numbers in summer 
than winter months.20

Age group
Age groups were created based on the American Animal 
Hospital Association’s (AAHA) Canine Life Stage 
Guidelines21 and using an average lifespan of 10 years.22 
Because young puppies are often managed differently than 
older puppies in shelters, the puppy group was further 
divided. Thus, the five age groups for dogs were Puppy (8 
weeks–6 months), Older Puppy (6 months–1 year), Young 
Adult (1 year–3.5 years), Mature Adult (3.5 years–7.5 
years), and Senior (>7.5 years). Age groups for felines 
were created based on AAHA/American Association of 
Feline Practitioner Feline Life Stage Guidelines.23 Like 
puppies, young kittens are managed differently in shel-
ters than older kittens, so the kitten group was split. The 
five age groups for cats were Kitten (8 weeks–6 months), 
Older Kitten (6 months–1 year), Young Adult (1–6 years), 
Mature Adult (7–10 years), and Senior (>10 years).

Source type
Source type indicated the circumstances under which 
the animal was impounded. Four options existed: 
Abandoned, Field, Agency Assist, and Over the Counter 
(OTC). Abandoned represented animals who were 
found in an abandoned residence, such as empty apart-
ments or vacant hotel rooms. Field represented animals 
impounded by an ACO, such as stray animals contained 
by ACOs. Agency Assist included animals impounded by 
ACOs responding to requests from another public agency, 
such as paramedics requesting ACOs retrieve the pet of a 
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hospitalized owner, or police requesting help with the pet 
of an arrested owner. OTC represented animals brought 
to the shelter by the public claiming they were strays.

Health status
A health status was assigned to the animal at the time 
of impound by shelter staff. Options included Normal, 
Injured, Malnourished, Poor, Pregnant, and Sick. Staff  
assigned categories at their discretion with no definitions 
provided by shelter management. Because of the low 
number of impounds in some options, researchers further 
condensed health statuses into two categories: healthy (= 
Normal) or unhealthy (= all other options).

Income
Income was defined as the 2020 median household income 
for the zip code where the animal was found. Zip codes 
were obtained from the addresses in the dataset. Some 
impounds did not have an address or zip code, but all 
impounds had a city. In these cases, the zip code of the city 
was used. For cities containing multiple zip codes, zip codes 
were randomly assigned to impound records in proportion 
with the proportion of human population living in each zip 
code for that city. The human population proportions were 
determined using an online database.24 Income for each zip 
code was determined using the same database.

Distance
Distance was defined as the driving distance in miles from 
the center of the zip code where the animal was found 
to the shelter’s physical address. Exact found addresses 
were not used. This distance was calculated by entering 
each zip code and the shelter’s address into Google Maps 
(Google, 2023). Driving directions were obtained and the 
distance in miles for the top result was recorded.

Breed group
Each animal was categorized into a breed group based on 
the primary breed listed in the dataset. The 18 canine breed 
groups and four feline breed groups chosen by researchers 
were similar to groups used in other shelter-based stud-
ies.25,26 Appendix A lists specific breeds included in each 
group.

Color group
Animals were assigned a color group based on their 
listed primary and secondary colors in the dataset. The 
11 canine color groups and 10 feline color groups chosen 
by researchers were similar to color groups used in other 
shelter-based studies.25–27

Size group
Five size groups were created based on each dog’s weight 
at impound. For dogs without a recorded weight, weight 

was estimated by using their primary breed and the 
median weight for that breed as listed by the American 
Kennel Club.28 Weight and size were not investigated in 
cats because of the lack of variation in weights of most 
adult cats.

Directed acyclic graphs
Relationships between study variables were hypothesized 
by researchers. These hypotheses were based on results 
of previously-published studies which identified some 
variables correlated with RTO likelihood,2,6–13 as well as 
widely-held assumptions among animal welfare profes-
sionals and researchers’ own experience. The main pur-
pose of hypothesizing these causal relationships was to 
use these assumptions in confounding evaluation. These 
relationships were presented using directed acyclic graphs 
(DAGs29; Fig. 1). Arrows between two variables repre-
sented an assumed direct causal relationship. For exam-
ple, researchers assumed that an animal’s age directly 
affected their neuter status (older animals are more likely 
to be neutered than young animals30) but did not affect 
that animal’s sex. Variables (such as breed, color, and size) 
assumed to not affect RTO likelihood or other study vari-
ables were not included in the DAGs. The DAGs were cre-
ated using DAGitty (dagitty.net31, Textor, Version 3, 2019).

Data analysis
The study DAGs were analyzed to identify confounders 
for adjustment using DAGitty’s built-in algorithm (i.e. 
d-separation). The association between each study vari-
able (designated as an exposure) and RTO (designated as 
the outcome) was specified, and DAGitty selected a set 
of confounders for that specified variable from all other 
variables in the DAG. The confounding evaluations were 
performed for each of the study variables.

Logistic regression (IBM SPSS Statistics for Windows, 
IBM Corporation, Version 28.0, 2021) was used to model 
the relationship between each study variable and RTO 
while adjusting for the identified confounders. Adjusted 
odds ratio (OR) and 95% confidence interval (CI) were 
reported.

Results

Characteristics of study population
A total of 5,960 dog impounds and 3,489 cat impounds, 
mostly via field service (dogs 68.6%, cats 59.6%), were 
included in the study (Appendix B). Almost half (n = 2,904, 
48.7%) of all dogs impounded came from just four breed 
groups: Pit Bulls, Sled Dogs, Lap Dogs, and Labradors, 
while most cats (n = 2,473, 70.9%) were domestic shorthair 
(DSH). Kittens made up 17.1% (n = 596) of cat impounds, 
whereas puppies made up only 5.5% of dog impounds 
(n = 328). One-third of impounded dogs had a microchip 
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(n = 2,002, 33.6%) while only 13.2% (n = 459) of cats 
were microchipped. Among all impounds, 61.1% of dogs 
(n = 3,641) and 15.2% of cats (n = 529) experienced RTO.

Factors influencing RTO
Table 1 summarizes the study variables, their hypoth-
esized causal relationships with RTO, and the corre-
sponding sets of  confounders for adjustment identified 
from the analysis of  the DAGs (Fig. 1). The distribution 
of  these variables in the two RTO groups as well as the 
adjusted OR and 95% CI are presented in Tables 2 and 3.

The results identified several factors that impacted RTO 
likelihood of both dogs and cats over the study period at 
this shelter.

The odds of experiencing RTO for cats with microchips 
were 5.5 times (95% CI 4.4–6.9) higher than cats without 
microchips when adjusted for age and income. Odds were 
2.3 times (95% CI 2.0–2.6) higher for microchipped dogs 
than un-microchipped dogs when adjusting for age and 
income.

Compared to kittens, the odds of experiencing RTO 
were 4.9 times (95% CI 3.3–7.3) higher for senior cats, 3.6 

Fig. 1.  Directed acyclic graphs (DAGs) depicting relationships between study variables and their associations with return to 
owner (RTO) in impounded dogs (a) and cats (b).
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times (95% CI 2.2–5.8) higher for mature adults, 3.0 times 
(95% CI 2.1–4.2) higher for young adults, and 2.6 times 
(95% CI 1.6–4.1) higher for older kittens. Compared to 
puppies, the odds of experiencing RTO were 5.1 times 
(95% CI 3.4–7.6) higher for senior dogs, 3.3 times (95% 
CI 2.3–4.9) higher for mature adults, 2.5 times (95% CI 
1.7–3.6) higher for young adults, and 2.0 times (95% CI 
1.3–3.0) higher for older puppies.

For both dogs and cats, unhealthy animals had 1/2 
the odds (OR 0.52, 95% CI 0.41–0.67 and OR 0.55, 95% 
CI 0.42–0.72, respectively) of  experiencing RTO than 
healthy animals when adjusted for age, neuter status, 
and sex.

When adjusted for age, income, and sex, the odds of 
experiencing RTO for neutered cats were 5.2 times (95% 
CI 4.0–6.6) higher than intact cats, while the odds were 
2.1 times (95% CI 1.8–2.5) higher for neutered dogs than 
intact dogs.

Compared to OTC and when adjusting for distance and 
health status, dogs with the source type Agency Assist had 
2.3 higher odds (95% CI 1.6–3.3) of experiencing RTO, 
while Abandoned dogs had about 1/4 lower (OR = 0.27, 
95% CI 0.10–0.70) odds of experiencing RTO. Agency 
Assist cats had 3.6 higher odds (95% CI 2.2–5.9) of expe-
riencing RTO than OTC cats.

Sex and season were not found to affect the odds of 
experiencing RTO.

Discussion
This study’s objective was to describe characteristics of 
dogs and cats impounded at an animal shelter and test 
their associations with RTO outcomes. The study success-
fully identified several actionable factors that influenced 
the likelihood of RTO, measured by adjusted ORs.

Microchips
For both dogs and cats, microchipped animals were much 
more likely to experience RTO than un-microchipped ani-
mals. This is consistent with the findings of many other 
studies.2,6–12 When microchip information is correctly used 
and maintained,8 microchips provide an excellent way to 
reunite stray animals with owners.

However, presence of a microchip did not increase odds 
of RTO for dogs as much as it did for cats (OR = 2.3 vs 5.5). 
Because many people with lost cats do not look for them at 
shelters2 while people with lost dogs do,2 it is possible that 
many un-microchipped dogs are still reclaimed from shelters 
while most cats get reclaimed only if they are microchipped.

Because of the huge effect microchipping has on RTO 
likelihood, shelters should strive to microchip as many dogs 
and cats as possible. Many shelters already microchip all 
animals prior to adoption. However, shelters could further 
improve microchip coverage by targeting owned animals 
that were not adopted from the shelter. SLCoAS, for exam-
ple, offers free microchips to all owned dogs and cats in the 

Table 1.  Animal-related factors, their causal paths to return to owner (RTO), and the sets of confounders for adjustment, identified according to 
the analysis of the directed acyclic graphs (DAGs) depicting the study’s causal assumptions (Fig. 1)

Factors Causal paths Confounders for adjustment

Dogs

Microchip Direct Age, Income

Health status Direct and Indirect (via Source type) Age, Neuter status, Sex

Age Direct and Indirect (via Microchip, Neuter status, Health status, and Source type) None

Sex Indirect (via Neuter status, Health status, and Source type) None

Neuter status Indirect (via Health status and Source type) Age, Income, Sex

Source type Direct Distance, Health status

Summer months Indirect (via Health status and Source type) None

Income Direct and Indirect (via Microchip, Neuter status, Health status, and Source type) Distance

Distance Direct and Indirect (via Source type, Income, Microchip, Neuter status, Health status, 
and Source type)

None

Cats

Microchip Direct Age, Income

Health status Direct and Indirect (via Source type) Age, Neuter status, Sex

Age Direct and Indirect (via Microchip, Neuter status, Health status, and Source type) None

Sex Indirect (via Neuter status, Health status, and Source type) None

Neuter status Indirect (via Health status and Source type) Age, Income, Sex

Source type Direct Distance, Health status

Kitten season Indirect (via Age, Neuter status, Microchip, Health status and Source type) None

Income Direct and Indirect (via Microchip, Neuter status, Health status, and Source type) Distance

Distance Direct and Indirect (via Source type, Income, Microchip, Neuter status, Health 
status, and Source type)

None
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area.e Another shelter steeply discounts licensing fees for 
microchipped animals,f while others bundle microchipping 
with neuter or vaccination services.g,h

Age
In both dogs and cats, older animals (especially seniors) 
had higher odds of  experiencing RTO than younger 

e.  Clinic Services. Salt Lake County Animal Services. Accessed August 6, 
2023. https://slco.org/animal-services/clinic-services/

f.  Pet Licensing. City of Port Lucie Animal Control. Accessed August 
13, 2023. https://www.cityofpsl.com/government/departments/police/
animal-control/pet-licensing

g.  Spay and Neuter Programs. Foothills Humane Society. Accessed August 6, 
2023. https://foothillshumanesociety.org/services/spay-and-neuter-programs/ 

h.  Spay/Neuter Services. The Humane Society of Greater Kansas City. 
Accessed August 13, 2023. https://hsgkc.org/spay-neuter-services/ 

animals. As illustrated in the DAGs, researchers assumed 
that age affects not just RTO directly (younger animals 
are probably less likely to have owners than older ani-
mals), but also variables like neuter status (younger ani-
mals are less likely to be neutered than older animals30), 
presence of  a microchip (younger animals are less likely 
to be microchipped32), or health status (younger animals 
are more susceptible to disease33,34 and therefore more 
likely to enter a shelter sick or injured) that affected 
RTO.

Shelters can use this knowledge to alter shelter man-
agement practices no matter the animals’ ages. For 
example, shelters could implement a shorter stray hold 
period for younger animals.12 As older animals are not 
adopted as quickly as younger animals,25 shelters may 

Table 2.  Distribution of the animal-related factors by RTO status in dogs (N = 5,960) impounded at the participating Shelter between December 
15, 2020 and October 31, 2022

Factor Category RTO Not RTO Odds ratio (95% CI)

N % N %

Microchip No 2,128 53.8 1,830 46.2 Ref

Yes 1,513 75.6 489 24.4 2.3 (2.0–2.6)

Health status Healthy 3,349 62.2 2,034 37.8 Ref

Unhealthy 248 49.8 250 50.2 0.52 (0.41–0.67)

Unknown 44 55.7 35 44.3 0.65 (0.37–1.1)

Age Puppy 116 35.4 212 64.6 Ref

Older puppy 363 52.5 329 47.5 2.0 (1.3–3.0)

Young adult 1,294 57.6 951 42.4 2.5 (1.7–3.6)

Mature adult 857 64.6 469 35.4 3.3 (2.3–4.9)

Senior 731 73.5 263 26.5 5.1 (3.4–7.6)

Unknown 280 74.7 95 25.3 2.5 (1.7–3.6)

Sex Female 1,476 59.4 1,010 40.6 Ref

Male 2,152 62.4 1,299 37.6 1.1 (1.0–1.3)

Neuter status Intact 1,593 50.6 1,558 49.4 Ref

Sterilized 1,731 72.2 667 27.8 2.1 (1.8–2.5)

Unknown 317 77.1 94 22.9 3.2 (2.3–4.4)

Source type OTC 684 52.2 626 47.8 Ref

Field 2,591 63.4 1,497 36.6 1.6 (1.4–2.0)

Agency assist 266 71.5 106 28.5 2.3 (1.6–3.3)

Abandoned 11 22.4 38 77.6 0.27 (0.10–0.70)

Unknown 89 63.1 52 36.9 2.0 (1.1–3.9)

Summer months April–September  1,887 60.9 1,213 39.1 0.98 (0.88–1.1) 

October–March 1,754 61.3 1,106 38.7 Ref

Income (in 10,000 USD) 5.4 (4.2–6.1)a 4.9 (3.8–5.6)a 1.1 (1.1–1.2)b

Distance (in mile) 7.7 (6.2–13.5)a 8.4 (6.2–14.9)a 1.0 (0.99–1.0)c

Distance (in km) 12.4 (10.0–21.7)a 13.5 (10.0–24.0)a 1.0 (0.99–1.0)c

CI: confidence interval; Ref: reference; USD: United States dollar; RTO: return-to-owner; OTC: Over the Counter.
aMedian and interquartile range are reported.
bOdds ratio for every 10,000 dollars increase in income.
cOdds ratio for every 1 mile (1.6 km) increase in distance to study shelter.
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prioritize RTO over adoption for older animals, perhaps 
by highlighting older animals on lost/found notices. 
Shelters hesitant to practice open selection may be more 
willing to start on younger animals, knowing those are 
the least likely to experience RTO and most likely to be 
quickly adopted.

Health status
Both healthy dogs and cats had slightly increased odds of 
RTO than unhealthy animals. The study shelter frequently 
charged reclaiming owners for any medication and pro-
cedures done on their animals while they were housed at 
the shelter. It is possible that owners who discover their 
unhealthy animal is at a shelter may be too embarrassed 
to reclaim them or unable to pay additional fees associ-
ated with treating their health conditions. Further, in this 
study, the category of Unhealthy was defined in part by 
health statuses such as Malnourished and Poor. These 

statuses may imply that there is no owner caring for the 
animal, so animals entering the shelter as Unhealthy may 
be more likely to not have an owner compared to Healthy 
animals.

Knowing that unhealthy animals have lower odds of 
experiencing RTO may encourage shelters to offer more 
prompt or aggressive medical care to animals in their 
stray hold period without fear of reclaiming owners com-
plaining about what was done to their pets. Waiving recla-
mation fees, including charges incurred for health reasons, 
may also encourage owners to reclaim their animals35 and 
can be bundled with mandatory microchipping or neu-
tering to increase odds of reunification if  that animal 
becomes lost again. Although limited research has been 
conducted to show if  waiving fees increases RTO likeli-
hood, fee-waived adoptions can decrease length of stay 
and overpopulation in shelters,35,36 so a similar effect may 
be true for RTO outcomes.

Table 3.  Distribution of the animal-related factors by RTO status in cats (N = 3,489) impounded at the participating Shelter between December 
15, 2020 and October 31, 2022

Factor Category RTO Not RTO Odds ratio (95% CI)

N % N %

Microchip No 326 10.8 2,704 89.2 Ref

Yes 203 44.2 256 55.8 5.5 (4.4–6.9)

Health status Healthy 436 16.4 2,227 83.6 Ref

Unhealthy 93 11.3 733 88.7 0.55 (0.42–0.72)

Age Kitten 42 7.0 554 93.0 Ref

Older kitten 41 16.3 210 83.7 2.6 (1.6–4.1)

Young adult 263 18.4 1,165 81.6 3.0 (2.1–4.2)

Mature adult 37 21.3 137 78.7 3.6 (2.2–5.8)

Senior 88 27.2 236 72.8 4.9 (3.3–7.3)

Unknown 58 8.1 658 91.9 1.2 (0.77–1.8)

Sex Female 213 14.0 1,311 86.0 Ref

Male 300 19.1 1,270 80.9 1.5 (1.2–1.8)

Unknown 16 4.1 379 95.9 0.26 (0.15–0.44)

Neuter status Intact 132 7.6 1,605 92.4 Ref

Sterilized 365 29.9 856 70.1 5.2 (4.0–6.6)

Unknown 32 6.1 495 93.9 1.6 (0.96–2.6)

Source type OTC 156 12.5 1,091 87.5 Ref

Field 335 16.1 1,745 83.9 1.4 (1.2–1.8)

Agency assist 29 33.3 58 66.7 3.6 (2.2–5.9)

Abandoned 9 12.0 66 88.0 0.93 (0.45–1.9)

Kitten season March–August 278 14.9 1,584 85.1 0.96 (0.80–1.2)

September–February 251 15.4 1,376 84.6 Ref

Income (in 10,000 USD) 5.0 (4.2–5.6)a 4.6 (4.2–5.6)a 1.1 (0.98–1.1)b

Distance (in miles) 7.7 (6.2–13.5)a 7.7 (4.5–13.5)a 1.0 (0.98–1.0)c

Distance (in km) 12.4 (10.0–21.7)a 12.4 (7.2–21.7)a 1.0 (0.98–1.0)c

CI: confidence interval; Ref: reference; USD: United States dollar; RTO: return-to-owner; OTC: Over the Counter.
aMedian and interquartile range are reported.
bOdds ratio for every 10,000 dollars increase in income.
cOdds ratio for every 1 mile (1.6 km) increase in distance to study shelter.
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Neuter status
Neutered dogs and cats had higher odds of experiencing 
RTO than those intact, which is consistent with previous 
studies’ findings.7,11 Owners likely do not reclaim their pet 
based solely on whether or not the animal was neutered. 
Rather, neuter status may reflect which animals had own-
ers in the first place (owned cats are probably more likely 
to be neutered than unowned community cats) or what 
role those animals play in their owners’ lives (e.g. a neu-
tered animal is more likely kept for companionship than 
an unneutered animal37).

Additionally, the barriers that prevent people from 
neutering their pets, such as transportation, finances, and 
socioeconomic factors38 may also be barriers to reclaim-
ing lost pets.

More research is needed to further explore the relationship 
between neutering and RTO likelihood. Meanwhile, because 
neutered dogs and cats do have higher odds of experiencing 
RTO, shelters should continue to advocate for widespread 
neutering through low-cost spay/neuter outreach.

Data showed that animals of unknown neuter status also 
had a higher RTO likelihood than intact animals. This was 
likely because in the study shelter, the neuter status of many 
animals was not determined until the animal was made 
available for adoption. If an animal experienced a different 
outcome prior to that time (RTO, euthanasia, or transfer 
out), their neuter status remained marked as unknown.

Source type
The source type also affected RTO likelihood of both 
dogs and cats. Abandoned animals were least likely to 
experience RTO, while Agency Assist animals were most 
likely. Indeed, Abandoned animals were likely aban-
doned because their owners no longer wanted them, while 
Agency Assist animals frequently had owners who still 
wanted them, were temporarily unable to care for them, 
and reclaimed them once the situation improved. Still, 
this finding may alter shelter practices and policies. For 
example, shelters could institute shorter holds or quickly 
plan pathways besides RTO for abandoned animals as it 
is unlikely their owner will return for them.

This study chose not to include cats in the shelter’s 
RTF program in the pool of  RTO candidates because 
it focused on cats suspected of  being owned. Including 
community cats in this pool, however, could have signifi-
cant effects on the results. For example, presumably very 
few cats in RTF programs have microchips; if  these cats 
were counted as a successful RTO event it could lessen 
the otherwise strong effect of  microchips on RTO like-
lihood found in this study while increasing overall RTO 
likelihood. Evidence also suggests that when shelters 
institute RTF programs, their feline RTO likelihoods 
increase, even when RTF and RTO are considered dif-
ferent outcomes.39

Season of impound
Much can also be learned from findings that were not sta-
tistically significant. Season of impound had no influence 
on RTO when controlled for the confounders of age and 
health status. Indeed, someone would not be more likely 
to reclaim their animal just because it is summer or win-
ter. Excluding cats and dogs younger than 2 months from 
the study population may have also lessened the effect sea-
son of impound had on the results.

Sex
Animal’s sex also had limited effect on RTO. For dogs, 
no change in RTO likelihood was found. For cats, males 
had a slightly higher likelihood than females (OR = 1.5). 
According to researchers’ assumptions as illustrated by 
the DAGs, sex was associated with RTO only through 
other variables. This complicated indirect causal rela-
tionship might explain the weak association between 
sex of cats and RTO outcomes. However, more research 
into this relationship is warranted. Cats of unknown sex 
had almost four-fold fewer odds of experiencing RTO 
compared to intact cats (OR = 0.26). This was probably 
because at the study shelter, many cats with unknown sex 
experienced an outcome very quickly after entering the 
shelter, such as injured cats requiring euthanasia or kit-
tens transferring to a different shelter. The sex of these 
cats was rarely updated in ShelterBuddy; most cats stay-
ing at the shelter long enough to have a chance of RTO 
had their sex correctly entered into the software.

Income and distance
Both income and distance were not found to affect RTO 
likelihood for dogs or cats. This contrasts with other stud-
ies that found distance40,41 and socioeconomic factors such 
as income42,43 impact other shelter intake and outcomes. 
However, because this study used zip codes rather than 
smaller geographic measurements like census tracts or 
exact addresses to calculate income and distance, nei-
ther variable had a large range (95% of all incomes were 
between $23,250 and $78,532), making it difficult to draw 
conclusions.

Limitations
There were multiple limitations of this study. First, there 
were a fairly large number of animals with unknown 
values for variables such as age, sex, and neuter status. 
Although these impounds could have been removed 
prior to analysis, researchers thought they might provide 
interesting insights. Even so, the presence of these values 
potentially introduced biased results due to uncontrolla-
ble confounding.

Like many studies, the generalizability of this study may 
not be widespread. All data came from a single well-re-
sourced urban municipal shelter with a substantial budget; 
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robust foster, TNR/RTF, and fundraising programs; and 
multiple veterinarians on staff. Data from other shelters 
in different locations with different resources or organi-
zational models may not replicate these results, especially 
the findings such as health status’ or source type’s rela-
tionship with RTO that have not been seen in previous 
studies.

Additionally, the identification of confounders relied 
on the researchers’ assumptions about how the variables 
were causally associated, as illustrated by the DAGs. For 
example, purebred status was associated with RTO in 
one study.13 However, in this current study, researchers 
assumed breed does not have a causal relationship with 
the other study variables (e.g. age, sex, owner income, 
RTO) and thus did not include it in the DAG model. The 
study presented and analyzed one set of causal assump-
tions; different assumptions might lead to different vari-
ables being included, which might lead to different results. 
Regardless, causal assumptions are inherent and neces-
sary for making inferences in non-randomized studies44 
like the current study. DAGs were used to explicitly com-
municate researchers’ causal assumptions and to justify 
the modeling strategy.

Conclusion
Although RTO likelihood differed between dogs and cats, 
many of the variables influencing RTO were the same, 
including the presence of a microchip, animal age, and 
animal neuter status. While previous studies have identi-
fied these factors in dogs, this study shows that they are 
also influential in cats. These findings lend credence to the 
practices many shelters already employ.

This study also tested new factors for their associations 
with RTO for both dogs and cats and found that health 
status and source type also influenced RTO. Shelters 
should account for these factors in their policies and 
procedures. Other factors such animal sex and season of 
impound did not influence RTO likelihood at this shelter.

Although these results only reflect the reality of the 
study shelter, other shelters may find benefits using these 
findings to hone their shelter policies and RTO endeavors.

Acknowledgements
The authors thank the staff  of Salt Lake County Animal 
Services for their tireless work collecting the data used in 
this study and for their excellent service to the animals of 
Salt Lake County.

Conflict of interest and funding
The authors declare no potential conflicts of interest.

Author credit statement
C. Ryan Hill: Conceptualization, Methodology, Data 
Curation, Writing – Original Draft.

Hsin-Yi Weng: Methodology, Formal Analysis, 
Writing – Review & Editing, Visualization.

Alexandra Protopopova: Methodology, Resources, 
Writing – Review & Editing.

Lexis H. Ly: Methodology, Resources, Writing – 
Review & Editing.

References

	 1.	 Best Friends Animal Society. The State of U.S. Animal 
Sheltering 2022. 2022. https://network.bestfriends.org/sites/
default/files/2023-06/National%20Shelter%20Data%20Set%20
2023_updated_6.12.2023.pdf. Accessed August 10, 2023.

	 2.	 Lord LK, Wittum TE, Ferketich AK, Funk JA, Rajala-Schultz 
PJ. Search and Identification Methods that Owners Use to 
Find a Lost Dog. J Am Vet Med Assoc. 2007;230(2):211–216. 
doi: 10.2460/javma.230.2.211

	 3.	 The Association of Shelter Veterinarians. The Guidelines for 
Standards of Care in Animal Shelters. J Shelter Med Community 
Anim Health. 2022. doi: 10.56771/ASVguidelines.2022

	 4.	 American Society for the Prevention of Cruelty to Animals. 
Position Statement on Responsibilities of Animal Shelters. https://
www.aspca.org/about-us/aspca-policy-and-position-statements/
position-statement-responsibilities-animal-shelters. Accessed 
August 12, 2023.

	 5.	 Best Friends Animal Society. Training Playbook: Return-to-
Owner. https://network.bestfriends.org/sites/default/files/inline-
files/RTO_Training%20Playbook%20_PSF_8.17.2022.pdf. 
Accessed August 12, 2023.

	 6.	 Lord LK, Ingwersen W, Gray JL, Wintz David J. Characterization 
of Animals with Microchips Entering Animal Shelters. J Am Vet 
Med Assoc. 2009;235(2):160–167. doi: 10.2460/javma.235.2.160

	 7.	 Vučinić M, Radisavljević K, Hammond-Seaman A, Ilieski V. 
Visibly Marked and Microchipped Lost Dogs Have a Higher 
Chance to Find Their Owners in Belgrade. Maced Vet Rev. 
2015;38(1):79–83. doi: 10.14432/j.macvetrev.2014.12.035

	 8.	 Lancaster E, Rand J, Collecott S, Paterson M. Problems 
Associated with the Microchip Data of Stray Dogs and 
Cats Entering RSPCA Queensland Shelters. Animals. 
2015;5(2):332–348. doi: 10.3390/ani5020332

	 9.	 Fatjó J, Bowen J, García E, et al. Epidemiology of Dog 
and Cat Abandonment in Spain (2008–2013). Animals. 
2015;5(2):426–441. doi: 10.3390/ani5020364

10.	 Zak J, Voslarova E, Vecerek V, Bedanova I. Impact of 
Mandatory Microchipping on Traceability of Sheltered Dogs in 
the Czech Republic. J Appl Anim Welf Sci. 2018;21(2):108–119. 
doi: 10.1080/10888705.2017.1376203

11.	 Zupcic A, Surbek M, Kabalin AE, Dragovic J, Mencik 
S, Ostovic M. Missing Cat Features Influencing Their 
Returning to Owners. Vet Medicina. 2020;65(9):394–400. 
doi: 10.17221/185/2019-VETMED

12.	 Kremer T. A New Web-Based Tool for RTO-Focused Animal 
Shelter Data Analysis. Front Vet Sci. 2021;8:452. doi: 10.3389/
FVETS.2021.669428

13.	 Patronek GJ, Glickman LT, Moyer MR. Population Dynamics 
and the Risk of Euthanasia for Dogs in an Animal Shelter. 
Anthrozoos. 1995;8(1):31–43. doi: 10.2752/089279395787156455

14.	 Weiss E, Slater MR, Lord LK. Retention of Provided 
Identification for Dogs and Cats Seen in Veterinary Clinics 
and Adopted from Shelters in Oklahoma City, OK, USA. 
Prev Vet Med. 2011;101(3–4):265–269. doi: 10.1016/j.
prevetmed.2011.05.008

http://dx.doi.org/10.56771/jsmcah.v2.64
https://network.bestfriends.org/sites/default/files/2023-06/National%20Shelter%20Data%20Set%202023_updated_6.12.2023.pdf
https://network.bestfriends.org/sites/default/files/2023-06/National%20Shelter%20Data%20Set%202023_updated_6.12.2023.pdf
https://network.bestfriends.org/sites/default/files/2023-06/National%20Shelter%20Data%20Set%202023_updated_6.12.2023.pdf
https://doi.org/10.2460/javma.230.2.211
https://doi.org/10.56771/ASVguidelines.2022
https://www.aspca.org/about-us/aspca-policy-and-position-statements/position-statement-responsibilities-animal-shelters
https://www.aspca.org/about-us/aspca-policy-and-position-statements/position-statement-responsibilities-animal-shelters
https://www.aspca.org/about-us/aspca-policy-and-position-statements/position-statement-responsibilities-animal-shelters
https://network.bestfriends.org/sites/default/files/inline-files/RTO_Training%20Playbook%20_PSF_8.17.2022.pdf
https://network.bestfriends.org/sites/default/files/inline-files/RTO_Training%20Playbook%20_PSF_8.17.2022.pdf
https://doi.org/10.2460/javma.235.2.160
https://doi.org/10.14432/j.macvetrev.2014.12.035
https://doi.org/10.3390/ani5020332
https://doi.org/10.3390/ani5020364
https://doi.org/10.1080/10888705.2017.1376203
https://doi.org/10.17221/185/2019-VETMED
https://doi.org/10.3389/FVETS.2021.669428
https://doi.org/10.3389/FVETS.2021.669428
https://doi.org/10.2752/089279395787156455
https://doi.org/10.1016/j.prevetmed.2011.05.008
https://doi.org/10.1016/j.prevetmed.2011.05.008


Citation: Journal of Shelter Medicine and Community Animal Health 2023, 2: 64 - http://dx.doi.org/10.56771/jsmcah.v2.6410

C. Ryan Hill et al.

15.	 Hurley K, Levy J. New Paradigms for Shelters and Community 
Cats. https://vetmed-maddie.sites.medinfo.ufl.edu/files/2014/07/
New-Paradigms-for-Shelters-and-Community-Cats.pdf. 
Accessed August 18, 2023.

16.	 Meyers H. What’s the Best Age to Bring Your New Puppy Home? 
American Kennel Club; 2021. Updated May 31, 2023. https://
www.akc.org/expert-advice/puppy-information/best-age-bring-
puppy-home/. Accessed October 10, 2023.

17.	 Nagamori Y, Payton ME, Duncan-Decocq R, Johnson EM. 
Fecal Survey of Parasites in Free-Roaming Cats in North-
Central Oklahoma, United States. Vet Parasitol. 2018;14:50–53. 
doi: 10.1016/j.vprsr.2018.08.008

18.	 Horecka K, Porter S, Amirian ES, Jefferson E. A Decade 
of Treatment of Canine Parvovirus in an Animal Shelter: A 
Retrospective Study. Animals. 2020;10(6):939. doi: 10.3390/
ani10060939

19.	 Hall EJ, Carter AJ, Farnworth MJ. Exploring Owner 
Perceptions of the Impacts of Seasonal Weather Variations 
on Canine Activity and Potential Consequences for Human–
Canine Relationships. Animals. 2021;11(11):3302. doi: 10.3390/
ani11113302

20.	 Dolan ED, Doyle E, Tran HR, Slater MR. Pre-Mortem 
Risk Factors for Mortality in Kittens Less Than 8 Weeks 
Old at a Dedicated Kitten Nursery. J Feline Med Surg. 
2021;23(8):730–737. doi: 10.1177/1098612x20974960

21.	 Creevy KE, Grady J, Little SE, et al. 2019 AAHA Canine Life 
Stage Guidelines*. J Am Anim Hosp Assoc. 2019;55(6):267–290. 
doi: 10.5326/JAAHA-MS-6999

22.	 Eichelberg H, Seine R. [Life expectancy and cause of death 
in dogs. I. The situation in mixed breeds and various dog 
breeds]. Berliner und Munchener Tierarztliche Wochenschrift. 
1996;109(8):292–303. 

23.	 Quimby J, Gowland S, Carney HC, DePorter T, Plummer 
P, Westropp J. 2021 AAHA/AAFP Feline Life Stage 
Guidelines. J Feline Med Surg. 2021;23(3):211–233. 
doi: 10.1177/1098612X21993657

24.	 UnitedStatesZipCodes.org. 2012. Updated June 2, 2023. https://
www.unitedstateszipcodes.org/. Accessed April 13, 2023.

25.	 Lepper M, Kass PH, Hart LA. Prediction of Adoption ver-
sus Euthanasia among Dogs and Cats in a California Animal 
Shelter. J Appl Anim Welf Sci. 2002;5(1):29–42. doi: 10.1207/
S15327604JAWS0501_3

26.	 Brown WP, Davidson JP, Zuefle ME. Effects of Phenotypic 
Characteristics on the Length of Stay of Dogs at Two No 
Kill Animal Shelters. J Appl Anim Welf Sci. 2013;16(1):2–18.  
doi: 10.1080/10888705.2013.740967

27.	 Stelow EA, Bain MJ, Kass PH. The Relationship between Coat 
Color and Aggressive Behaviors in the Domestic Cat. J Appl 
Anim Welf Sci. 2016;19(1):1–15. doi: 10.1080/10888705.2015. 
1081820

28.	 Breed Weight Chart. American Kennel Club. 2017. https://www.
akc.org/expert-advice/nutrition/breed-weight-chart/. Accessed 
February 17, 2023.

29.	 Pearl J. Causal Diagrams for Empirical Research. Biometrika. 
1995;82(4):669–688. doi: 10.1093/biomet/82.4.669

30.	 Murray JK, Roberts MA, Whitmars A, Gruffydd-Jones TJ. 
Survey of the Characteristics of Cats Owned by Households in 
the UK and Factors Affecting Their Neutered Status. Vet Rec. 
2009;164(5):137–141. doi: 10.1136/vr.164.5.137

31.	 Textor J, van der Zander B, Gilthorpe MS, Liśkiewicz M, Ellison 
GTH. Robust Causal Inference Using Directed Acyclic Graphs: 
The R Package ‘Dagitty.’ Int J Epidemiol. 2016;45(6):1887–1894. 
doi: 10.1093/ije/dyw341

32.	 McGreevy P, Masters S, Richards L, et al. Identification of 
Microchip Implantation Events for Dogs and Cats in the 
VetCompass Australia Database. Animals. 2019;9(7):423. 
doi: 10.3390/ani9070423

33.	 Bannasch MJ, Foley JE. Epidemiologic Evaluation of Multiple 
Respiratory Pathogens in Cats in Animal Shelters. J Feline Med 
Surg. 2005;7(2):109–119. doi: 10.1016/j.jfms.2004.07.004

34.	 Aziz M, Janeczko S, Gupta M. Infectious Disease Prevalence 
and Factors Associated with Upper Respiratory Infection in 
Cats Following Relocation. Animals. 2018;8(6):91. doi: 10.3390/
ani8060091

35.	 Pizano S. The Best Practice Playbook for Animal Shelters. 
Gatekeeper Press; 2021. 

36.	 Crawford HM, Fontaine JB, Calver MC. Using Free Adoptions to 
Reduce Crowding and Euthanasia at Cat Shelters: An Australian 
Case Study. Animals. 2017;7(12):92. doi: 10.3390/ani7120092

37.	 Faver CA. Sterilization of Companion Animals: Exploring 
the Attitudes and Behaviors of Latino Students in 
South Texas. J Appl Anim Welf Sci. 2009;12(4):314–330. 
doi: 10.1080/10888700903163534

38.	 Lem M. Barriers to Accessible Veterinary Care. Can Vet J. 
2019;60(8):891–893.

39.	 Spehar D, Wolf P. The Impact of an Integrated Program of 
Return-to-Field and Targeted Trap-Neuter-Return on Feline 
Intake and Euthanasia at a Municipal Animal Shelter. Animals. 
2018;8(4):55. doi: 10.3390/ani8040055

40.	 Patronek GJ. Use of Geospatial Neighborhood Control 
Locations for Epidemiological Analysis of Community-Level 
Pet Adoption Patterns. Am J Vet Res. 2010;71(11):1321–1330. 
doi: 10.2460/ajvr.71.11.1321

41.	 Reading AS, Scarlett JM, Berliner EA. A Novel Approach 
to Identify and Map Kitten Clusters Using Geographic 
Information Systems (GIS): A Case Study from Tompkins 
County, NY. J Appl Anim Welf Sci. 2014;17(4):295–307.  
doi: 10.1080/10888705.2014.905783

42.	 Spencer T, Behar-Horenstein L, Aufmuth J, et al. Factors that 
Influence Intake to One Municipal Animal Control Facility 
in Florida: A Qualitative Study. Animals. 2017;7(12):48.  
doi: 10.3390/ani7070048

43.	 Dyer JL, Milot L. Social Vulnerability Assessment of Dog 
Intake Location Data as a Planning Tool for Community Health 
Program Development: A Case Study in Athens-Clarke County, 
GA, 2014–2016. PLoS One. 2019;14(12):e0225282. doi: 10.1371/
journal.pone.0225282

44.	 Hernan MA. Causal Knowledge as a Prerequisite for Confounding 
Evaluation: An Application to Birth Defects Epidemiology. Am J 
Epidemiol. 2002;155(2):176–184. doi: 10.1093/aje/155.2.176

http://dx.doi.org/10.56771/jsmcah.v2.64
https://vetmed-maddie.sites.medinfo.ufl.edu/files/2014/07/New-Paradigms-for-Shelters-and-Community-Cats.pdf
https://vetmed-maddie.sites.medinfo.ufl.edu/files/2014/07/New-Paradigms-for-Shelters-and-Community-Cats.pdf
https://www.akc.org/expert-advice/puppy-information/best-age-bring-puppy-home/
https://www.akc.org/expert-advice/puppy-information/best-age-bring-puppy-home/
https://www.akc.org/expert-advice/puppy-information/best-age-bring-puppy-home/
https://doi.org/10.1016/j.vprsr.2018.08.008
https://doi.org/10.3390/ani10060939
https://doi.org/10.3390/ani10060939
https://doi.org/10.3390/ani11113302
https://doi.org/10.3390/ani11113302
https://doi.org/10.1177/1098612x20974960
https://doi.org/10.5326/JAAHA-MS-6999
https://doi.org/10.1177/1098612X21993657
http://UnitedStatesZipCodes.org
https://www.unitedstateszipcodes.org/
https://www.unitedstateszipcodes.org/
https://doi.org/10.1207/S15327604JAWS0501_3
https://doi.org/10.1207/S15327604JAWS0501_3
https://doi.org/10.1080/10888705.2013.740967
https://doi.org/10.1080/10888705.2015.1081820
https://doi.org/10.1080/10888705.2015.1081820
https://www.akc.org/expert-advice/nutrition/breed-weight-chart/
https://www.akc.org/expert-advice/nutrition/breed-weight-chart/
https://doi.org/10.1093/biomet/82.4.669
https://doi.org/10.1136/vr.164.5.137
https://doi.org/10.1093/ije/dyw341
https://doi.org/10.3390/ani9070423
https://doi.org/10.1016/j.jfms.2004.07.004
https://doi.org/10.3390/ani8060091
https://doi.org/10.3390/ani8060091
https://doi.org/10.3390/ani7120092
https://doi.org/10.1080/10888700903163534
https://doi.org/10.3390/ani8040055
https://doi.org/10.2460/ajvr.71.11.1321
https://doi.org/10.1080/10888705.2014.905783
https://doi.org/10.3390/ani7070048
https://doi.org/10.1371/journal.pone.0225282
https://doi.org/10.1371/journal.pone.0225282
https://doi.org/10.1093/aje/155.2.176

