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Current practices for diagnosis
and management of Canine
Cognitive Dysfunction Syndrome
in the United States

Katherine E. Simon, Margaret E. Gruen' and Natasha J. Olby*'

Department of Clinical Sciences, College of Veterinary Medicine, North Carolina State University,
Raleigh, NC, United States

Introduction: There are currently no accepted guidelines for the diagnosis and
management of Canine Cognitive Dysfunction Syndrome (CCDS). The objective
of this study was to describe the current diagnostic and management practices
regarding CCDS by veterinarians in the United States (US).

Methods: An anonymous online survey was distributed to veterinary practitioners
from January to May 2025. The survey included questions regarding patient
population, CCDS diagnosis and treatment and client interactions.

Results: A total of 318 survey responses were obtained from veterinarians who saw
companion dogs regularly. Nearly all (97.2%) had made a diagnosis of CCDS in their
career, citing patient history and clinical signs/ behavioral changes as the tools they use
to make a diagnosis. Most veterinarians (approximately 80%) rarely or never referred their
potential CCDS cases to a veterinary specialist. When managing their CCDS patients,
pharmaceuticals are most often recommended, specifically selegiline. Selegilline was
also considered most effective in managing CCDS, however this view was held by only
about 30% of veterinarians. Responses reflected uncertainty regarding best practices
and treatment efficacies, with veterinarians citing lack of knowledge and owner-related
barriers such as lack of interest or financial constraints as factors which hinder treatment
recommendations.

Discussion: Results from this survey underscore there are still significant gaps in
knowledge as to best practices for the diagnosis and management of CCDS. Clear
CCDS diagnostic and management guidelines are needed to support veterinarians
and address the therapeutic needs of patients.

KEYWORDS

canine cognitive dysfunction syndrome, veterinarian, diagnosis, management,
selegiline, canine dementia

Introduction

Canine Cognitive Dysfunction Syndrome (CCDS) is a canine analog of Alzheimer’s
Disease (AD), characterized by behavioral changes which develop with advanced age (1-3).
These include changes in social interactions (reduced responsiveness to familiar people/
objects, aversion to petting), loss of spatial orientation (disorientation, wandering), disturbance
of sleep-wake cycles, development of house soiling (urination or defecation in an unusual
location), and development of anxiety and/or aggression (4, 5). Several studies have
characterized AD-like neuropathology in elderly dogs, with findings such as amyloid beta
accumulation, oxidative damage and neuroinflammation correlating with performance on
cognitive assessments and/or behavioral questionnaires (6-9).

In human medicine, diagnosis of AD has evolved over the last 50 years, now encompassing
different stages of disease (preclinical, mild cognitive impairment (MCI) and dementia) (10-12).
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In 2024, the National Institute on Aging and the Alzheimer’s Association
(NIA-AA) released updated guidelines to inform diagnosis and staging of
AD (13). These guidelines emphasize a biological definition of disease,
relying heavily on biomarkers and diagnostic imaging, including blood-
based markers, cerebrospinal fluid and positron emission tomography
(PET) to achieve this. Biomarkers can be categorized as core, non-specific,
or non-AD, and different types may offer differing utility to diagnosis,
staging or prognosis (13). Given that biomarker abnormalities often
precede clinical symptoms, they are critical to identifying individuals in
the earliest phases of disease (14-16). In addition to biomarkers, accurate
diagnosis relies upon clinical and functional evaluation including
thorough history, physical examination, cognitive testing, advanced
imaging, and laboratory tests (17). However, diagnostic workups are
inconsistent due to differing individual presentations/trajectories,
clinician preference, cost, or limited access to diagnostic resources (18-
20). This inconsistency, even with formally established guidelines, has
posed a significant barrier to understanding and treating AD (21, 22).

In dogs, the absence of formal diagnostic criteria for CCDS makes
consistent and standardized clinical evaluation even more difficult. The
behavioral abnormalities associated with CCDS can be captured using
validated caregiver questionnaires (4, 5, 23). However, these are not specific
diagnostic tests, and many of the behaviors described can be caused by
other medical conditions such as (but not limited to) sensory decline
(vision or hearing loss), chronic pain, renal disease, or intracranial neoplasia
(24, 25). As such, a thorough diagnostic workup including signalment,
detailed patient history, physical and neurological examination, laboratory
testing and advanced imaging (radiographs, MRI) is indicated to exclude
other differential diagnoses (3, 24, 26). While a few studies have suggested
circulating biomarkers to be indicative of CCDS based on either caregiver
questionnaires or cognitive assessments, they are not yet considered to
be diagnostic (7, 27-31). As such, they have yet to employed in a point-of-
care setting (32).

Diagnostic challenges are compounded by limited agreement on
best therapeutic approaches. Currently, selegiline is the only drug in
the United States approved by the Food and Drug Administration for
treatment of canine cognitive dysfunction (33). However, there are
many supplements and specialized diets formulated to promote
cognitive improvement in aging dogs (34-38). Despite the availability
of these products, the evidence supporting their efficacy remains
variable. Further, it can be difficult to compare management options
given the varying study designs, cognitive outcomes, and populations
in which each was investigated. This makes selecting an appropriate
intervention to recommend to patients challenging.

Little research has been performed to explore the perspectives of
veterinarians regarding the diagnostics and treatments they perceive
are most helpful and effective in clinical practice. The objective of this
study was to describe the current practices of veterinarians in the
United States (US) when making a diagnosis and management plan
in a patient with CCDS. We hoped to identify gaps in practice which
may be addressed through intentional educational and research efforts.

Materials and methods
Survey development

An anonymous survey was developed on the online survey platform
Qualtrics© (Qualtrics, Provo, UT, 2025). The survey asked a series of
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questions about how veterinarians establish a diagnosis of CCDS, how
they treat the condition, and how they learned about it
(Supplementary Data Sheet 1). The first section contained information
on the respondents clinical practice, the next section contained
information on the diagnosis of CCDS. The third section was on the
treatment of CCDS and the fourth was on interactions with senior pet
clients. All questions were multiple choice, though some questions
included an “other” response which prompted further written
explanation if selected. To ensure relevance and reduce respondent
burden, the survey was designed with skip and if/then logic so that
questions were only displayed to respondents when applicable (based
on their prior responses). All survey logic is described in
Supplementary Data Sheet 1. The study was declared exempt through
NC State Institutional review board for the use of human subjects in
research because all data were collected anonymously.

Survey distribution

To distribute the survey across the US, we reached out to State and
Regional Veterinary Medical Associations (Supplementary Data Sheet 2)
and we shared the survey with veterinarians via social media platforms
(primarily facilitated by veterinary content creators). Circulation began
in January 2025 and ended May 2025. In order to collect data that
represented the general population of primary veterinarians, we aimed
to gather 370 completed responses. This estimate is consistent with the
Qualtrics© sample size calculator'; and aligns with the recommendations
for populations of 10,000 or larger at a 95% confidence level and 5%
margin of error, as outlined by Bartlett et al. (39). We felt this appropriate
given the American Veterinary Medical Association reported the
population of practicing US veterinarians in 2024 was 130,000, but not
all of these regularly see dogs in their patient population.

Data analysis

Responses were summarized and reported as both fractions and
percentages. Only complete responses from currently practicing US
veterinarians were included in the study and respondents who did not
see dogs in their routine patient population were excluded. A single
Chi Square test and contingency table was built to test association
between whether the respondent learned about CCDS in veterinary
school based on graduation year. A p value of <0.05 was considered
significant. All statistics and graphical representations were conducted
in JMP®, Student Version 18.2.0 (SAS Institute Inc., Cary, NC, 2025).

Results

We obtained 471 survey responses, of which 319 were from
veterinarians practicing in the US and completed in entirety. One
respondent reported that they did not see dogs in their routine patient
population and was therefore excluded from our analysis. Therefore,
the final number of survey responses included in the descriptive

1 https://www.qualtrics.com/blog/calculating-sample-size/
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analysis was 318; however, the number of responses included in
subsequent analyses vary based on question-specific inclusion criteria.

Respondent population

Most respondents (279/318, 87.7%) were general practitioners or
primary care veterinarians. The remaining respondents consisted of
specialists (18/318, 5.7%) (including 7 internists, 3 behaviorists, 3
ophthalmologists, 3 emergency critical care specialists, 1 sports
medicine/rehabilitation specialist and 1 surgeon), interns (2/318, 0.6%),
residents (2/318, 0.6%) or other (17/318, 5.3%). “Other” respondents
included: 8 emergency/urgent care veterinarians, 5 end-of-life care
veterinarians, 2 relief veterinarians, 1 rehabilitation veterinarian, and 1
shelter medicine veterinarian. Accordingly, 79.6% (253/318) work in a
general practice setting, 6.0% (19/318) work in a specialty practice,
3.8% (12/318) work at an in-home/mobile practice, 0.9% (3/318) work
in an emergency clinic or urgent care clinic, and 9.4% (30/318) worked
in a combination of these settings. Only one veterinarian reported
working exclusively in an academic setting. Most (125/318, 39.3%) of
these veterinarians graduated veterinary school between 2016 and
2024, and few respondents graduated before 1986 (Figure 1).

Almost half of respondents (149/318, 46.9%) considered
themselves to have a special interest in geriatric medicine. Whereas
only 64/318 (20.1%) responded “no,” and 105/318 (33.0%) responded
that they were “neutral” The majority (217/318 68.2%) of practitioners
reported that their practices do not provide a specialized or distinct

2016-2024

125

2006-2015

1996-2005

1986-1995

1976-1985 @12

Veterinary School Graduation Year

1975 or before §7

0 40 80
Count
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FIGURE 1
Histogram of survey respondents’ veterinary school graduation year.
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senior visit. However, the percentage of senior-aged dogs in their
caseload varied substantially, with most (260/318, 81.8%) falling
between 21 and 60% of their canine patient population (Figure 2).
When considering these senior dogs, most respondents were
moderately (145/318, 45.6%) or very (106/318, 33.3%) concerned
about CCDS. Far fewer reported having slight (43/318, 13.5%) or
extreme (24/318, 7.5%) concern. No veterinarians reported that they
were not at all concerned about CCDS in their senior dog patients.
Most respondents (294/318, 92.5%) learned about CCDS either in
veterinary school (196/318, 61.6%) and/or specialized CE training
(242/318, 76.1%). There was an association (p < 0.0001) between
graduation year and whether the respondent had learned about CCDS
in veterinary school, with newer graduates being more likely to have
learned about CCDS in school. However, the respondents who had
not learned about CCDS in school were still represented across all
graduation years (Figure 3). Other settings where vets learned about
CCDS included: primary (peer-reviewed publications) and secondary
(online articles, YouTube videos, social media) literature, mentors/
clinical experience, and personal experience with an aging pet.

Diagnosis of CCDS

We first assessed the proportion of respondents” senior patient
population with a CCDS diagnosis, whether made by themselves or
by another veterinarian. A little over half of respondents (165/318,
51.9%) reported that only a small percentage (1-20%) of their patients
receive a CCDS diagnosis during their lifetime. Only two respondents
indicated that none of their patients had ever received a diagnosis. The
remaining veterinarians reported higher percentages of diagnosed
patients, except for a small subset of respondents (41/318, 12.9%) who
reported that they did not know or were unsure. A full summary of
these data is detailed in Figure 4.

To identify who specifically was making a CCDS diagnosis,
we asked how often veterinarians refer their CCDS patients to a
specialist. Most veterinarians reported they rarely (139/318, 43.7%) or
never (141/318, 44.3%) referred to a specialist when presented with a
CCDS case. To those who indicated that they refer at least occasionally
(i.e., selected rarely, sometimes, or often), we asked which type of
specialist they referred to. Veterinarians predominantly (131/177,
74.0%) sent their patients to a veterinary neurologist, with fewer
referring to a veterinary behaviorist (67/177, 37.9%) or veterinary
internist (32/177,18.7%).

Nearly all respondents (309/318, 97.2%) reported having
diagnosed at least one case of CCDS during their career. Therefore,
questions surrounding diagnosis frequency, patient age at diagnosis,
and diagnostic tools were only presented to these 309 respondents
(based on the Qualtrics survey skip logic). To assess the frequency of
these diagnoses, we asked these 309 respondents to estimate the
number of diagnoses they made annually. The majority reported
diagnosing 1-15 dogs per year on average (189/309, 61.2%). Far fewer
reported diagnosing between 16 and 25 cases annually (74/309,
23.9%), 26-50 annually (30/309, 9.7%), or more than 50 cases a year
(15/309, 4.9%). Only one respondent reported that they make zero
diagnoses on average annually. The majority (199/309, 64.4%) of
respondents who diagnose CCDS do this in older patients between 13
and 15 years. The second most frequently reported age range for
diagnosing a dog with CCDS was 10-12 years (97/309, 31.4%).
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FIGURE 2
Histogram of percentage of respondents’ canine patients considered
to be senior.

Substantially fewer veterinarians reported frequently diagnosing
CCDS in dogs younger than 10 or older than 15 years of age, as
illustrated in Figure 5.

To aid in diagnosis, all but one respondent reported using a
combination of diagnostic tools. This one veterinarian indicated they
relied solely on patient history. The options listed for respondents
included diagnostic tools which could support a diagnosis of CCDS
and/or rule out other differential diagnoses. Respondents could select
as many as they felt appropriate from the following list: patient
history, clinical signs/behavioral changes, physical examination,
neurological examination, blood pressure measurement, screening
questionnaire, serum biochemistry, blood cell count and urinalysis,
imaging (brain CT or MRI) and other. The respondents who
answered “other” described the following: “rule out other systemic or
neurologic disease;,” “radiographs to rule out other disease” and
“Traditional Chinese Veterinary Medicine (TCVM) work-up.
Because respondents were able to select multiple diagnostic tools,
there was a great deal of variability in the combination of tools
selected. The most common combination of tools was patient history,
clinical signs/behavioral changes and a physical examination
(reported by 52/309, 16.8% of respondents). This was followed closely
behind by the combination of patient history, clinical signs, physical
exam, neurologic exam and lab work (reported by 48/309, 15.5% of
respondents). To further understand the relative use of each tool,
we examined the independent frequency of selection for each option,
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as summarized in Figure 6. All but two veterinarians rely upon
patient history and clinical signs/behavioral changes to inform their
diagnosis, and most veterinarians (242/309, 78.3%) conduct a
physical examination. About half of veterinarians (152/309, 49.2%)
conduct a neurological examination, and the same number reported
conducting lab work in their diagnostic workup, whereas about
one-third (100/309, 32/4%) of respondents use a screening tool or
questionnaire. Far fewer will obtain a blood pressure measurement
(50/309, 16.2%) or advanced imaging (6/309, 1.9%) to help narrow
their differential diagnoses.

Veterinarians who reported relying on clinical signs and
behavioral changes to inform their diagnosis (n = 307) were presented
with a follow-up question where they were asked to indicate which
specific signs they consider from the following: changes in sleep/wake
cycles, changes in social interaction, disorientation, increased house
soiling (urination or defecation), anxiety, aggression or other. Again,
respondents could select all that apply. The majority of these
veterinarians selected all of the listed clinical signs (97/307, 31.6%), or
all signs except for aggression (90/307, 29.3%). Specific frequencies of
each of these clinical signs/behavioral changes are provided in
Figure 7. The most relied upon behavioral change was disturbances to
sleep/wake cycles (reported by 300/307, 97.7%). In contrast, aggression
was only selected as a sign by 39.1% (120/307) of veterinarians. The
“other” clinical signs described included: pacing/compulsive
behaviors, appetite changes, staring, loss of trained behaviors, circling
(without a head tilt), getting stuck in corners, changes in vocalization,
sensory changes, resistance to restraint and lack of
purposeful movement.

The 153 veterinarians who indicated using laboratory work in
their diagnostic workup (to rule out other differential diagnoses)
were presented with a follow-up survey question where they were
asked to select which test (s) they employ. Most veterinarians
(118/153, 77.1%) reported running a combination of complete
blood count (CBC), serum biochemistry (Chem) and urinalysis
(UA). Veterinarians who reported relying on a screening tool or
questionnaire (n =100) were displayed a subsequent question
where they were asked to indicate which specific ones they employ
from the following: Purina’s DISHAA Cognitive Dysfunction
Syndrome Evaluation Tool, Canine Cognitive Dysfunction Rating
(CCDR), Canine Dementia Scale (CADES), Canine Cognitive
Assessment Scale (CCAS), and other. Most veterinarians relied
exclusively upon Purinas DISHAA Cognitive Dysfunction
Syndrome Evaluation Tool (43/100, 43%), although 28% (28/100)
reported using several. Specific frequencies of each of these are
provided in Figure 8.

We asked all respondents (n = 318) if there was any single thing
that would make them more confident in their diagnosis of
CCDS. Most respondents (203/318, 63.8%) reported they would
like standardized diagnostic criteria or guidance on distinguishing
CCDS from other age-related disease. This was followed by far
fewer who reported they would like more specialized training or
continuing education opportunities (50/318, 15.7%), additional
screening tools (20/318, 6.3%), accessible primary resources
(13/318, 4.1%), online resources (12/318, 3.8%), formal referral
pathways to veterinary specialists (4/318, 1.3%), or other (8/318,
2.5%). Most who selected “other” indicated they would like a
combination of the previously mentioned resources, while one
individual described wishing there was a specific scoring system
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FIGURE 4

Histogram of the percentage of patients who receive a diagnosis of
Canine Cognitive Dysfunction Syndrome (CCDS) at some point in
their lifetime.

which could be employed. Few vets (2.5%, 8/318) selected
no option.

Management of CCDS

To investigate how CCDS is managed/treated in the veterinary
clinic, we only included respondents who had encountered a patient
with CCDS in their practice (n = 316); the survey was concluded for
the remaining two respondents. Initially, we sought to understand
veterinarians’ overall impression of treatment strategies. Regardless of
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whether recommended by themselves or another veterinarian (i.e., a
specialist), respondents were asked to rate the overall effectiveness of
current treatment/management strategies. Most veterinarians felt that
current strategies were slightly (179/316, 56.6%) or moderately
(112/316, 35.4%) effective. Far fewer felt they were not effective at all
(21/309, 6.6%) or very effective (4/316, 1.3%).

We next examined specific management strategies, by asking how
many of these clinicians were routinely reccommending the following:
pharmaceuticals, supplements, diet change, environmental
modification, exercise, physical therapy, homeopathic remedies or

other. At this prompt, an additional three veterinarians reported that
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they had never managed a dog with CCDS. One veterinarian reported
not typically recommending anything upon diagnosis. Consequently,
312 veterinarians were displayed follow-up questions surrounding
treatment recommendations/preferences and included in the
corresponding descriptive analyses. The majority of these respondents
(302/312, 96.8%) reported using a combination of these strategies
(though not necessarily in the same patient). The most common
combination involved the use of pharmaceuticals, supplements, diet
change and environmental modification, reported by 10.3% (32/312).
The second most common combination (30/312, 9.6%) included all
the same as above, with the addition of exercise. To further understand
the relative use of each management strategy, we examined the
independent frequency of selection in Figure 9. A slightly greater
number of veterinarians recommend supplements (277/312, 88.8%)
compared to pharmaceuticals (262/312, 83.9%), although these were
the two most indicated management strategies. Environmental
modification was the next most frequently reported approach, cited
by 79.5% (248/312) of veterinarians. Diet change was indicated by
about two-thirds of respondents (198/312, 63.5%), and exercise was
selected by a little less than half (151/312, 48.4%). Far fewer selected
physical therapy/rehabilitation (78/312, 25.0%), homeopathic
remedies (45/312, 14.4%), or other (24/312, 7.7%). Of the respondents
who selected “other;” thirteen described using brain games or
enrichment (i.e., food puzzles, lick pads, sniffing, snuftfle mats and
toys). Two veterinarians indicated the use of acupuncture. Additional
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individual “other” responses included anxiolytics, cannabidiols
(CBD), cognitive therapy, owner education, pain control, pet contact,
TCVM treatment/herbal medications, and treatment of concurrent
diseases (each n=1).

Because there are many commercially available diets,
pharmaceuticals, and supplements currently marketed toward aging
dogs with CCDS, we next wanted to know which specific products
veterinarians were using and finding to be effective. Specifically
we asked about the use of Aktivait® supplement, CogniCaps®
supplement, Hills B/D diet, LeapYears® supplement, melatonin
(Regulin®, Circadin®), propentofylline (Vivitonin®), Purina ProPlan
NeuroCare® diet, s-adenosylmethionine (Denosyl®, Novifit®,
Zentonil®, Donamet®, Gumbaral®, Isimet®, MoodILift®, S Amet®,
Samyr®, Transmetil®, Tunik®), selegiline (Anipryl®, Eldepryl®,
l-deprenyl, Selgian®, Zelapar®), Senilife® supplement, and Zesty
Paws Cognition Bites®. Respondents could select as many products
as they felt appropriate. All 312 veterinarians participating in the
treatment section of the survey received this question, regardless of
their previous selection for diet change, pharmaceuticals or
supplements, as we anticipated that listing specific products might
aid recall. The majority (284/312, 91.0%) of veterinarians selected
multiple from the list of commercially available products. However,
it is important to note that veterinarians could not specify whether
products were used concurrently in the same patient, rather it is more
likely that different products are recommended to different patients.
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FIGURE 7
Bar graph of frequency of selection of clinical signs/behavioral changes when establishing a Canine Cognitive Dysfunction Syndrome (CCDS)
diagnosis.

Accordingly, we assessed the individual frequency of use of each
product in Figure 10. The most frequently indicated product was
selegiline (211/312, 67.6%). Many veterinarians (191/312, 61.2%) also
indicated using Purina ProPlan NeuroCare® diet and melatonin
(169/312, 54.2%). A little less than half of veterinarians recommend
the Senilife® supplement (150/312, 48.1%) and Hills b/d® diet
(135/312, 43.3%), third
s-adenosylmethionine (110/312, 35.3%). Far fewer veterinarians
indicated Zesty Paws Cognition Bites® (19/312, 6.1%). CogniCaps®
supplement (5/312, 1.6%), LeapYears® supplement (3/312, 1.0%),
Aktivait® supplement (2/312, 0.6%), or propentofylline (Vivitonin®)
(2/312, 0.6%). Nine veterinarians (9/312, 2.9%) left the question
blank and did not write in any other responses, therefore implying
they do not use any specific product. Whereas 22.4% (70/312) did
select “other” and described a broad range of additional diets,

whereas about a recommend

pharmaceuticals, and supplements. To preserve the specificity (or
lack thereof) of the original responses, we have maintained the
wording by veterinarians without alteration. Incidentally, this may
reflect a difference between veterinarians, with some considering
product recommendations at the class-level, while others may feel
more compelled by specific products. The following products were
identified: acepromazine (n = 1), anxiolytics (n = 2), amantadine
(n=1), Anxitane® (n=1), CBD (n=3), Cholodin® (n=2),
Clomipramine (n=1), Coql0 (n=1), Denamarin® Advanced
(n = 1), Dr. Buzby’s Brain Boost™ (n = 1), EFA supplement (n = 3),
ElleVet™ (n = 2), fish oil (n =2), fluoxetine (n = 1), gabapentin
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(n =11), Hill's Senior Vitality (n = 2), Huperzine A (n = 1), keppra
(n=2), lion’s mane mushroom (#n = 2), natural calming agents
(n =1), Neutricks (n = 1), Nutrix diet (n = 1), omega 3 fatty acid
supplements (n=4), Omega Benefits® (n=1), ProNeurozone®
(n =1), Proquiet® (n = 1), Proviable® probiotic (n = 1), Purina Bright
Minds diet (n = 18), Royal Canin® Mature Consult diet (n=1),
Solliquin® (1 = 3), SSRIs (1 = 1), Stasis in Mansion of Mind herbal
by Jing Tang (n = 1), trazodone (n =3), TCVM herbals (n = 2),
TriPlex™ MCT oil (n = 1), Ursolyx™ (n = 1), VetriScience® Golden
Years (n = 1), VetriScience® Senior (n =1), Welactin® Advanced
(n=1), Zylkene® (n =2).

In order to get insight into which interventions respondents
perceive as most effective, veterinarians were asked to identify the
single most effective management strategy and the single most effect
product for managing CCDS in their patients. There was alignment
across most effective management strategy and product (i.e., those
who selected diet modification to be most effective also selected a
specific diet as the most effective product). The largest number of
respondents (135/312, 43.3%) selected pharmaceuticals as the most
effective management strategy. Of these, almost half of respondents
(67/135, 49.6%) indicated that selegiline was the most effective
pharmaceutical. Environmental modification was the next most
effective management strategy reported by respondents (54/312,
17.3%). In turn, 40.7% (22/54) of these respondents reported that they
either do not use any products or do not find any products to
be effective. Supplements were the third most popular choice (50/312,
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16.0%), with most of these respondents selecting either Senilife®
(16/50, 32.0%) or melatonin (12/50, 24.0%). Veterinarians who
selected diet change were the most consistent across their responses,
with 79.3% (23/29) of veterinarians also listing a specific diet as most
effective (including Purina ProPlan NeuroCare®, Purina ProPlan
Bright Minds® and Hills b/d®).

However, there were also some disagreements between these selections.
For example, 14.1% (19/135) of veterinarians who selected pharmaceuticals
as most effective in CCDS management went on to select a supplement or
diet as the single most effective product. Further, 18.5% (25/135) of these
individuals stated that they did not use any of the listed products (or find
them to be effective), despite selecting pharmaceuticals as the most effective
CCDS management strategy. Similarly, 16.0% (8/50) of veterinarians who
stated supplements to be most effective in managing CCDS, went on to
select selegiline as the most effective product. Regardless of selected
management strategy, selegiline was the most frequently identified single
most effective product (91/312, 29.2%). This was followed by Senilife®
(35/312,11.2%), melatonin (29/312,9.3%) and Purina ProPlan NeuroCare®
diet (23/312,7.4%). All other products were endorsed by a notably smaller
numbers of respondents. A total of 14.4% (45/312) of respondents indicated
that they do not find any of the available products to be effective. However,
almost all these respondents (39/45, 86.7%) previously reported that they
recommend two or more of these same products. Additionally, fifteen
veterinarians (15/312, 4.8%) were unsure and could not indicate a specific
product to be most effective.

Frontiers in Veterinary Science

To better understand the hesitancy and barriers preventing
veterinarians from recommending currently available products,
we asked respondents to select as many barriers as they felt applied
from the following: cost, lack of availability, lack of interest from
owners, lack of knowledge, lack of testing in clinical trials and other.
This question was presented to all veterinarians except the two who
had initially reported that zero of the patients in their practice had
ever been diagnosed with CCDS (n=316). Notably, the most
frequently selected response, even when considering both varying
combinations and singular selections, was a lack of knowledge
(47/316, 14.9%). To explore this further, we investigated the frequency
of each individual response, whether reported individually or in
combination with other responses (Figure 11). The top three most
frequently reported were lack of knowledge (148/316, 46.8%), lack of
interest from owners (126/316, 39.9%), and cost (95/316, 30.1%). This
was followed by lack of testing in clinical trials, lack of availability and
“other” Some veterinarians (47/316, 14.9%) stated there was nothing
which prevented them recommending these products.

Veterinarian’'s understanding of client
perceptions

Because clients also play a critical role in the management of their
senior pets, we asked all remaining respondents (i.e., those that have
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encountered a CCDS patient in their practice, even if they have not
personally treated/managed them, n = 316) to what extent their clients
are concerned about CCDS. Respondents reported a differing pattern
to themselves, with most selecting that their clients were either only
moderately (138/316, 43.7%) or slightly (105/316, 33.2%) concerned
about CCDS in their senior dogs. Fewer felt that owners were very
concerned (59/316, 18.7%), extremely concerned (7/316, 2.2%) or not
concerned at all (7/316, 2.2%). When asked who most frequently
initiates a conversation about CCDS, respondents were fairly split
between the veterinarian (147/316, 46.5%) and the client (114/316,
38.0%). Fewer respondents reported that it depends (48/316, 15.2%),
and only two veterinarians reported that it was the veterinary
technician/nurse who initiates the conversation. Regarding the
resources utilized to facilitate CCDS discussions, veterinarians most
often offer their clients a handout (171/316, 54.1%) or refer them to a
website (77/316, 23.4%). Far less frequently, they will offer primary
resources (such as a peer-reviewed article) or recommend a CCDS
support group. About one third of veterinarians (108/316, 34.2%) do
not provide their client with any resources (Figure 12).

Finally, we wanted to see whether veterinarians were observing
any noticeable trends across specific CCDS changes which owners feel
warrant humane euthanasia. We asked what they feel is the primary
reason that owners of dogs with CCDS elect to euthanize. Respondents
could answer from the following: disorientation, changes in social
interaction, changes in sleep/wake cycles, house soiling (urination or
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defecation), anxiety, aggression, or a combination of factors. Most
veterinarians (180/316, 57.0%) responded that it was a combination
of factors (Figure 12). However, of those who responded with a single
factor, increased house soiling was the most frequent (62/316, 19.6%)
followed by changes in sleep/wake cycles, anxiety, disorientation and
changes in social interactions. Twelve veterinarians (3.8%) reported
never having a patient with CCDS be euthanized.

Discussion

In this study, we set out to describe how veterinarians are currently
diagnosing and managing CCDS in clinical practice. We obtained 318
responses from veterinary clinicians in the US who see dogs in their
routine patient population, the majority of whom were general
practitioners. While nearly all respondents had diagnosed CCDS at
some point in their careers, the frequency of diagnosis appeared lower
than expected, with most veterinarians reporting relatively few (1-15)
cases diagnosed per year. These diagnoses are most often happening
in dogs aged 13-15 years old. To establish a diagnosis, all but two
veterinarians reported relying on patient history and clinical signs or
behavioral changes. However, no single clinical sign emerged as the
most common indicator. Over 80% of veterinarians reported
recommending supplements or pharmaceuticals when managing
patients with CCDS. When asked to identify the most effective
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intervention, the majority cited pharmaceuticals, most commonly
selegiline, as the most effective treatment option. These data can serve
as a guide to better establish practical consensus as to which diagnostic
tools and treatments are most relevant to primary care practice.

We found that most veterinarians (over 90%) reported prior exposure
to educational content on CCDS, either during veterinary school or
through specialized continuing education training. Despite this,
approximately half of respondents still reported a lack of knowledge
regarding available treatment options, suggesting a disconnect between
education and clinical confidence or application. Expansion of curriculum
specific to geriatric medicine and CCDS may enhance the knowledge
bases of future veterinarians. Another potential contributor to this gap
may be the underutilization of key diagnostic tools. For example, only
about half (~49%) of veterinarians reported performing a neurological
examination when assessing a CCDS patient and less than 2% perform
imaging. Given that CCDS is a diagnosis of exclusion, a neurological
exam and/or imaging may be essential to ensure the rule-out of other
conditions that could account for similar age-related behavioral changes
(30). While imaging is expensive and not always available in all clinical
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settings, a neurological examination is relatively accessible and easy to
perform. However, its limited use may reflect a phenomenon known as
neurophobia, which has been documented in both human and veterinary
medicine and refers to an aversion toward clinical neurology and the
neurosciences among clinicians (40-42). A similar trend has been
observed in veterinary behavioral medicine, where many clinicians report
feeling underprepared to manage behavioral cases (43). Despite this, the
majority of veterinarians in our study appear to be managing CCDS cases
themselves, rather than referring to veterinary specialists (neurologists,
behaviorists or internists), consistent with a recent study by Haake et al.
(44). These findings highlight the prominent role of general practitioners
in diagnosing CCDS. Therefore, efforts should be made to improve
education and confidence in these skills, especially among general
practitioners, to appropriately identify and manage CCDS.

When asked directly if there was anything that would improve
their diagnostic confidence, only 2.5% of respondents selected no
options, indicating that the vast majority of veterinarians felt as
though additional aids could enhance their confidence. Approximately
64% indicated that they would like standardized diagnostic criteria
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and guidelines for discriminating CCDS from other differentials. In
human medicine, there exist several guidelines for AD (across
different working groups) which incorporate clinical cognitive
changes, biomarker evidence and rule-out of non-dementia
differentials (10-12, 17). However, even with these formally defined
guidelines, many patients still go undiagnosed (45-47). This highlights
the inherent difficulty of diagnosing a syndrome with gradual onset
and variable progression in elderly individuals, even in well-resourced
settings. Similarly, while CCDS is thought to affect a substantial
proportion of senior dogs, it has been reported that a much smaller
proportion gets formally diagnosed by a veterinarian (44, 48). It
remains unclear whether this underdiagnosis reflects a true failure to
identify symptomatic cases, whether some dogs die before cognitive
signs become apparent, or whether diagnosis is deprioritized in the
context of more pressing comorbidities, caregiver burden, or limited
treatment options. These discrepancies may also reflect a disconnect
between the veterinarian communicating the diagnosis and an owner
understanding or accepting the diagnosis to the extent they are able
to report it in a survey. Still, there exist resources to aid in CCDS
screening which are appearing to be under-utilized, with only about a
third of veterinarians using a screening questionnaire, similar to that
reported in a recent Australian survey (49). Until the field establishes
specific guidelines, these questionnaires offer a validated framework
for linking observed behavioral changes with probable diagnosis of
CCDS once systemic conditions have been ruled out (4, 5, 29, 50).
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When considering all interventions, about 90% of veterinarians felt
that current treatment strategies were only slightly or moderately effective.
Over 80% of veterinarians recommend using pharmaceuticals or
supplements, with selegiline being the most frequently recommended
product. This is consistent with a recent study performed in Australia
which determined that CCDS was most commonly managed by
medications (selegiline, propentofylline), environmental modifications,
and anti-anxiety treatments (49). After selegiline, the most reccommended
products in our survey were Purina ProPlan NeuroCare® and melatonin.
Both selegiline and diets enriched with medium-chain triglycerides have
shown some efficacy in supporting cognitive function in senior dogs (36,
51, 52). Conversely, while there has been some evidence that melatonin
attenuates cognitive impairments in humans, this has yet to be specifically
studied in dogs with CCDS (53). This aligns with ~25% of respondents
who indicated that a lack of testing in clinical trials was a barrier to them
recommending specific products, underscoring the need for both
expanded clinical research and improved dissemination of existing
evidence. However, almost half of respondents (~47%) cited lack of
knowledge as a barrier to recommendation, consistent with the
discordance observed between specific products recommendations and
management strategies selected by respondents. For example, some
veterinarians, selected pharmaceuticals as most effective overall strategy
and then selected a supplement as the single most effective product or vice
versa. This may reflect either lack of clarity between which products meet
the definition of a supplement versus a pharmaceutical or, more likely,
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reflect a broader ambiguity as to what is effective (whether based on
anecdotal evidence or limited testing in clinical trials). Further, 39
respondents indicated that they do not find any commercially available
products to be effective, despite indicating that they recommend at least
one of the products listed in the survey;, reflective of a discrepancy between
products being recommended and those perceived as effective. Broader
discordance is additionally supported by the frequency of write-in
responses describing use of non-specific therapies, generalized
uncertainty, and/or emphasizing patient/owner specific factors which
dictate selection of treatment and its impact. All together, these
inconsistencies underscore the uncertainty and varying opinions
surrounding efficacy of these products.

While we did not specifically list any anxiolytics in our questions
surrounding the treatment of CCDS, many respondents used the
“other” selection to identify their use. Given the established connection
between dementia and anxiety across both humans and dogs (54-56),
future studies could investigate the utility of anti-anxiety medication in
the treatment of CCDS. However, a few veterinarians expressed caution
with polypharmacy, citing concern for drug interactions, particularly
between selegiline and fluoxetine. In humans, co-administration of an
SSRI (selective serotonin reuptake inhibitors, ex: fluoxetine) and an
MAO-B (monoamine oxidase B inhibitor, ex: selegiline) have been
reported, though rarely, to be associated with cases of serotonin
syndrome (57-59). This potential risk has been extrapolated to
veterinary patients, although direct evidence of this interaction in dogs
remains limited. The risks of polypharmacy in elderly patient
populations are also well-documented in human medicine but require
further exploration in elderly veterinary patients (60-62).
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Another incidental finding from our survey was that the majority of
respondents’ practices (~68%) do not have specified senior visits, despite
large proportions of patient populations being senior (majority between 21
and 60%). Therefore, clients and veterinarians may not have the opportunity
to proactively discuss CCDS and other age-related conditions in an efficient
and comprehensive way. Further, there is a disparity between veterinarians,
who reported strong to moderate concern for CCDS in their senior dog
patients, as opposed to their perception of the level of concern held by
clients (only moderate to slight). Effective client communication is essential
to bridge this gap, however, based on our survey, these conversations are
not always led by the veterinarian, and often wait until specific symptoms
are mentioned or until the client initiates the conversation. Given that the
single most significant risk factor for CCDS is age (48, 63), providing
designated visits for all patients above a certain age, which incorporate
CCDS screening, may help both the veterinarian and the client to address
these concerns before they become unmanageable.

Our study has some limitations. While our findings were
consistent with the recent Australian survey, we ultimately did screen
for respondents who were practicing veterinarians in the US which
may limit extrapolation to other populations. Another limitation is
that given this was a voluntary online survey without incentive, it is
highly susceptible to response bias. Likely, practitioners who are
especially motivated toward senior patients or interested in CCDS
were more motivated to respond to the survey. This is further
supported by most respondents (approximately 47%) considering
themselves to have a special interest in geriatric medicine. Further,
individuals with greater technological proficiency may have been
more likely to encounter and complete the survey. This is supported
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by majority of respondents having graduated in the past decade
making them presumably younger and more comfortable with digital
platforms. However, the COVID-19 pandemic did rapidly increase
technological competence across more demographics, especially those
who are considered health professionals (64-66).

While we sought to collect responses from all over the country
(based on distribution by several state-related Veterinary Medical
Associations) (reported in Supplementary Data Sheet 2), the anonymity
of the survey precludes our ability to confirm geographic diversity.
Future studies including specific analyses of geographic differences (i.e.,
by state or urban vs. rural) in diagnostic and management practices
could provide insight into factors contributing to practice variation.
Moreover, increased participation would strengthen the study as
we were unable to reach our goal of 385 responses. Therefore, this study
is likely underpowered. Additionally, the sample size estimated in the
power analysis was based on a conservative estimate of all veterinarians
in the US, rather than specifically only those who routinely see dogs,
which may affect the precision of the power analysis. Nevertheless, the
diversified distribution and targeted screening strategy support the
representativeness of the collected sample for the population of interest.
Finally, in this study we focused on the perspectives of veterinarians,
but evidence demonstrates that veterinarians and dog owners disagree
in their opinions of veterinary care for elderly patients (67). Future
studies should examine owner perspectives on the identification and
management of CCDS in their pets.

Veterinarians play a key role in identifying age-related disease in
companion animals (68-70). In this study, we found that while most
veterinarians have diagnosed a dog with CCDS at some point in their
career, not many diagnose these cases regularly. To make a diagnosis,
veterinarians are using a combination of tools, but most commonly rely
on patient history and clinical signs. To treat CCDS, most veterinarians
use pharmaceuticals and supplements, and many find selegiline to
be the most effective treatment option. However, current treatment
strategies were collectively described as only slightly or moderately
effective at best. When asked what is preventing their recommendation
of currently available treatments, respondents reported a lack of
knowledge with almost all respondents desiring more information on
CCDS. Together, this highlights the need for increased education and
consensus surrounding the diagnosis and management of
CCDS. Veterinarians would benefit from clear guidelines which are
based on scientific evidence. Efforts should aim to increase
veterinarian’s knowledge and familiarization of CCDS in order to fully
address any needs and concerns of both patients their owners.

Data availability statement

The original contributions presented in the study are included in
the article/Supplementary material, further inquiries can be directed
to the corresponding author.

Author contributions

KS: Conceptualization, Data curation, Formal analysis, Methodology,
Writing - original draft. MG: Conceptualization, Methodology, Writing —
review & editing. NO: Conceptualization, Funding acquisition,
Methodology, Supervision, Writing - review & editing.

Frontiers in Veterinary Science

13

10.3389/fvets.2025.1685430

Funding

The author(s) declare that financial support was received for the
research and/or publication of this article. This study was supported
by the Dr. Kady M. Gjessing and Rhanna M. Davidson Distinguished
Chair in Gerontology.

Acknowledgments

The authors would like to thank all individuals and
organizations who assisted in distribution of the survey. We are
especially grateful to the following veterinarians for sharing the
survey through their professional social media networks:
Dr. Monica Tarantino (@seniordogdoc), Dr. Lauren Adelman
(@the_tinyvet), Dr. Lisa Lippman (@drlisalippman), Dr. Ashely
Gray, Dr. Amanda (@senior_pet_vet), Dr. Josh Rosen (@
Dr. (@Kklysse.
neurologiaveterinaria), Dr. Jean Joaquim (@veterinary_doctor),
Dr. Nicole (@vet.helpful.notes), Dr. Sylvalyn Hammond (@
thehonestvet), and Dr. Lisa Radosta (@drlisaradosta). Thank
you to the following organizations for distributing the survey to

dogtorjosh), Klysse Assumpcao

their members: Senior Dog Veterinary Society, Vet Candy,
Southern Veterinary Partners. Finally, the authors would like to
thank the following state and local Veterinary Medical
Associations for sharing with members: Abilene Area (AAVMA),
Arizona (AzVMA), Baton Rogue (BRVMA), Capital Area
(CAVMA), Central California (CCVMA), Central Oregon
(COVMA), Chicago (CVMA), Cincinnati (CVMA), Cleveland
Academy of Veterinary Medicine, Delaware (DVMA), District of
Columbia (DCVMA), El Paso (EPVMA), Greater Columbia
(GCAV), Greater Louisville (GLVMA), Harris County (HCVMA),
Towa (IVMA), Kerrville Area (KAVMA), Knoxville (KVMA),
Louisiana (LVMA), Massachusetts (MVA), Michigan (MVMA),
Nevada (NVMA), New York City (VMA NYC), North Carolina
(NCVMA), North Dakota (NDVMA), Northeast Louisiana
(NLVMA), Redwood Empire (REVMA), San Diego (SDVMA),
Southern California (SCVMA), Washington State (WSVMA), and
Western Pennsylvania (WPVMA).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

The author(s) declared that they were an editorial board member
of Frontiers, at the time of submission. This had no impact on the peer
review process and the final decision.

Generative Al statement

The authors declare that no Gen Al was used in the creation of
this manuscript.

Any alternative text (alt text) provided alongside figures in this
article has been generated by Frontiers with the support of artificial
intelligence and reasonable efforts have been made to ensure accuracy,

frontiersin.org


https://doi.org/10.3389/fvets.2025.1685430
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org

Simon et al.

including review by the authors wherever possible. If you identify any
issues, please contact us.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product that

References

1. Head E. A canine model of human aging and Alzheimer's disease. Biochim Biophys
Acta. (2013) 1832:1384-9. doi: 10.1016/j.bbadis.2013.03.016

2. Prpar Mihevc S, Majdic G. Canine cognitive dysfunction and Alzheimer's
disease - two facets of the same disease? Front Neurosci. (2019) 13:604. doi:
10.3389/fnins.2019.00604

3. Dewey CW, Davies ES, Xie H, Wakshlag JJ. Canine cognitive dysfunction:
pathophysiology, diagnosis, and treatment. Vet Clin N Am Small Anim Pract. (2019)
49:477-99. doi: 10.1016/j.cvsm.2019.01.013

4. Salvin HE, McGreevy PD, Sachdev PS, Valenzuela MJ. The canine cognitive
dysfunction rating scale (CCDR): a data-driven and ecologically relevant assessment
tool. Vet J. (2011) 188:331-6. doi: 10.1016/j.tvjl.2010.05.014

5. Madari A, Farbakova J, Katina S, Smolek T, Novak P, Weissova T, et al. Assessment
of severity and progression of canine cognitive dysfunction syndrome using the canine
dementia scale (CADES). Appl Anim Behav Sci. (2015) 171:138-45. doi:
10.1016/j.applanim.2015.08.034

6. Schutt T, Helboe L, Pedersen LO, Waldemar G, Berendt M, Pedersen JT. Dogs with
cognitive dysfunction as a spontaneous model for early Alzheimer's disease: a
translational study of neuropathological and inflammatory markers. J Alzheimer's Dis.
(2016) 52:433-49. doi: 10.3233/JAD-151085

7. Vikartovska Z, Farbakova J, Smolek T, Hanes ], Zilka N, Hornakova L, et al. Novel
diagnostic tools for identifying cognitive impairment in dogs: behavior, biomarkers, and
pathology. Front Vet Sci. (2020) 7:551895. doi: 10.3389/fvets.2020.551895

8. Cummings BJ, Head E, Afagh AJ, Milgram NW, Cotman CW. B-amyloid
accumulation correlates with cognitive dysfunction in the aged canine. Neurobiol Learn
Mem. (1996) 66:11-23.

9. Rofina JE, van Ederen AM, Toussaint MJ, Secreve M, van der Spek A, van der Meer
I, et al. Cognitive disturbances in old dogs suffering from the canine counterpart of
Alzheimer's disease. Brain Res. (2006) 1069:216-26. doi: 10.1016/j.brainres.2005.11.021

10. Dubois B, Feldman HH, Jacova C, Dekosky ST, Barberger-Gateau P, Cummings J,
et al. Research criteria for the diagnosis of Alzheimer's disease: revising the NINCDS-
ADRDA criteria. Lancet Neurol. (2007) 6:734-46. doi: 10.1016/S1474-4422(07)70178-3

11. Dubois B, Feldman HH, Jacova C, Hampel H, Molinuevo JL, Blennow K, et al.
Advancing research diagnostic criteria for Alzheimer's disease: the IWG-2 criteria.
Lancet Neurol. (2014) 13:614-29. doi: 10.1016/S1474-4422(14)70090-0

12.Jack CR Jr, Bennett DA, Blennow K, Carrillo MC, Dunn B, Haeberlein SB, et al.
NIA-AA research framework: toward a biological definition of Alzheimer's disease.
Alzheimers Dement. (2018) 14:535-62. doi: 10.1016/j.jalz.2018.02.018

13. Jack CR, Andrews JS, Beach TG, Buracchio T, Dunn B, Graf A, et al. Revised
criteria for diagnosis and staging of Alzheimer's disease: Alzheimer's Association
workgroup. Alzheimers Dement. (2024) 20:5143-69. doi: 10.1002/alz.13859

14. Jack CR Jr, Holtzman DM. Biomarker modeling of Alzheimer's disease. Neuron.
(2013) 80:1347-58. doi: 10.1016/j.neuron.2013.12.003

15. Counts SE, Ikonomovic MD, Mercado N, Vega IE, Mufson EJ. Biomarkers for the
early detection and progression of Alzheimer's disease. Neurotherapeutics. (2017)
14:35-53. doi: 10.1007/s13311-016-0481-z

16. Chimthanawala NMA, Haria A, Sathaye S. Non-invasive biomarkers for early
detection of Alzheimer's disease: a new-age perspective. Mol Neurobiol. (2023)
61:212-23. doi: 10.1007/s12035-023-03578-3

17. McKhann GM, Knopman DS, Chertkow H, Hyman BT, Jack CR Jr, Kawas CH, et al.
The diagnosis of dementia due to Alzheimer's disease: recommendations from the National
Institute on Aging-Alzheimer's Association workgroups on diagnostic guidelines for
Alzheimer's disease. Alzheimers Dement. (2011) 7:263-9. doi: 10.1016/j.jalz.2011.03.005

18. van der Schaar J, Visser LNC, Bouwman FH, Ket JCF, Scheltens P, Bredenoord AL,
et al. Considerations regarding a diagnosis of Alzheimer's disease before dementia: a
systematic review. Alzheimer's Res Ther. (2022) 14:31. doi: 10.1186/s13195-022-00971-3

19. Kerwin D, Abdelnour C, Caramelli P, Ogunniyi A, Shi J, Zetterberg H, et al.
Alzheimer's disease diagnosis and management: perspectives from around the world.
Alzheimers Dement. (2022) 14:e12334. doi: 10.1002/dad2.12334

Frontiers in Veterinary Science

14

10.3389/fvets.2025.1685430

may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fvets.2025.1685430/

full#supplementary-material

20. de Levante RD. The knowledge and attitudes of primary care and the barriers to
early detection and diagnosis of Alzheimer's disease. Medicina. (2022) 58:906. doi:
10.3390/medicina58070906

21. Beach TG, Monsell SE, Phillips LE, Kukull W. Accuracy of the clinical diagnosis
of Alzheimer disease at National Institute on Aging Alzheimer disease centers,
2005-2010. ]  Neuropathol ~ Exp  Neurol.  (2012)  71:266-73.  doi:
10.1097/NEN.0b013e31824b211b

22.Dubois B, Villain N, Frisoni GB, Rabinovici GD, Sabbagh M, Cappa S, et al.
Clinical diagnosis of Alzheimer's disease: reccommendations of the international working
group. Lancet Neurol. (2021) 20:484-96. doi: 10.1016/S1474-4422(21)00066-1

23.Le Brech S, Amat M, Temple D, Manteca X. Evaluation of two practical tools to
assess cognitive impairment in aged dogs. Anmimals. (2022) 12:3538. doi:
10.3390/ani12243538

24. Denenberg S, Liebel F-X, Rose J. Behavioural and medical differentials of cognitive
decline and dementia in dogs and cats In: G Landsberg, A Madari and N Zilka, editors.
Canine and feline dementia. Cham: Springer (2017)

25. Landsberg GM, Nichol ], Araujo JA. Cognitive dysfunction syndrome: a disease
of canine and feline brain aging. Vet Clin North Am Small Anim Pract. (2012) 42:749-68.
doi: 10.1016/j.cvsm.2012.04.003

26. Wrightson R, Albertini M, Pirrone E, McPeake K, Piotti P. The relationship
between signs of medical conditions and cognitive decline in senior dogs. Animals.
(2023) 13:2203. doi: 10.3390/ani13132203

27.Panek WK, Murdoch DM, Gruen ME, Mowat FM, Marek RD, Olby NJ. Plasma
amyloid Beta concentrations in aged and cognitively impaired pet dogs. Mol Neurobiol.
(2021) 58:483-9. doi: 10.1007/s12035-020-02140-9

28. Panek WK, Gruen ME, Murdoch DM, Marek RD, Stachel AF, Mowat FM, et al.
Plasma Neurofilament light chain as a translational biomarker of aging and
neurodegeneration in dogs. Mol Neurobiol. (2020) 57:3143-9. doi:
10.1007/s12035-020-01951-0

29. Schutt T, Toft N, Berendt M. Cognitive function, progression of age-related
behavioral changes, biomarkers, and survival in dogs more than 8 years old. ] Vet Intern
Med. (2015) 29:1569-77. doi: 10.1111/jvim.13633

30. Fefer G, Panek WK, Khan MZ, Singer M, Westermeyer HD, Mowat FM, et al. Use
of cognitive testing, questionnaires, and plasma biomarkers to quantify cognitive
impairment in an aging pet dog population. J Alzheimer's Dis. (2022) 87:1367-78. doi:
10.3233/JAD-215562

31.Kim CY, Kim J, Yoon S, Yi IJ, Lee H, Seo S, et al. Advancing the early detection of
canine cognitive dysfunction syndrome with machine learning-enhanced blood-based
biomarkers. Front Vet Sci. (2024) 11:1390296. doi: 10.3389/fvets.2024.1390296

32. Kim SH, Hao J. Recent advances in diagnostic and therapeutic strategies for canine
cognitive dysfunction. Am J Vet Res. (2025) 86:53. doi: 10.2460/ajvr.25.02.0053

33. Campbell S, Trettien A, Kozan B. A noncomparative open-label study evaluating
the effect of Selegiline hydrochloride in a clinical setting*. Vet Ther. (2001) 2:24-39.

34. Osella MC, Re G, Odore R, Girardi C, Badino P, Barbero R, et al. Canine cognitive
dysfunction syndrome: prevalence, clinical signs and treatment with a neuroprotective
nutraceutical.  Appl  Anim  Behav  Sci.  (2007)  105:297-310.  doi:
10.1016/j.applanim.2006.11.007

35. Heath SE, Barabas S, Craze PG. Nutritional supplementation in cases of canine
cognitive dysfunction—a clinical trial. Appl Anim Behav Sci. (2007) 105:284-96. doi:
10.1016/j.applanim.2006.11.008

36. Pan Y, Landsberg G, Mougeot I, Kelly S, Xu H, Bhatnagar S, et al. Efficacy of a
therapeutic diet on dogs with signs of cognitive dysfunction syndrome (CDS): a
prospective double blinded placebo controlled clinical study. Front Nutr. (2018) 5:127.
doi: 10.3389/fnut.2018.00127

37.Simon KE, Russell K, Mondino A, Yang CC, Case BC, Anderson Z, et al. A
randomized, controlled clinical trial demonstrates improved owner-assessed cognitive
function in senior dogs receiving a senolytic and NAD+ precursor combination. Sci Rep.
(2024) 14:12399. doi: 10.1038/541598-024-63031-w

frontiersin.org


https://doi.org/10.3389/fvets.2025.1685430
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fvets.2025.1685430/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fvets.2025.1685430/full#supplementary-material
https://doi.org/10.1016/j.bbadis.2013.03.016
https://doi.org/10.3389/fnins.2019.00604
https://doi.org/10.1016/j.cvsm.2019.01.013
https://doi.org/10.1016/j.tvjl.2010.05.014
https://doi.org/10.1016/j.applanim.2015.08.034
https://doi.org/10.3233/JAD-151085
https://doi.org/10.3389/fvets.2020.551895
https://doi.org/10.1016/j.brainres.2005.11.021
https://doi.org/10.1016/S1474-4422(07)70178-3
https://doi.org/10.1016/S1474-4422(14)70090-0
https://doi.org/10.1016/j.jalz.2018.02.018
https://doi.org/10.1002/alz.13859
https://doi.org/10.1016/j.neuron.2013.12.003
https://doi.org/10.1007/s13311-016-0481-z
https://doi.org/10.1007/s12035-023-03578-3
https://doi.org/10.1016/j.jalz.2011.03.005
https://doi.org/10.1186/s13195-022-00971-3
https://doi.org/10.1002/dad2.12334
https://doi.org/10.3390/medicina58070906
https://doi.org/10.1097/NEN.0b013e31824b211b
https://doi.org/10.1016/S1474-4422(21)00066-1
https://doi.org/10.3390/ani12243538
https://doi.org/10.1016/j.cvsm.2012.04.003
https://doi.org/10.3390/ani13132203
https://doi.org/10.1007/s12035-020-02140-9
https://doi.org/10.1007/s12035-020-01951-0
https://doi.org/10.1111/jvim.13633
https://doi.org/10.3233/JAD-215562
https://doi.org/10.3389/fvets.2024.1390296
https://doi.org/10.2460/ajvr.25.02.0053
https://doi.org/10.1016/j.applanim.2006.11.007
https://doi.org/10.1016/j.applanim.2006.11.008
https://doi.org/10.3389/fnut.2018.00127
https://doi.org/10.1038/s41598-024-63031-w

Simon et al.

38. Blanchard T, Eppe J, Mugnier A, Delfour F, Meynadier A. Enhancing cognitive
functions in aged dogs and cats: a systematic review of enriched diets and nutraceuticals.
Geroscience. (2025) 47:2925-47. doi: 10.1007/s11357-025-01521-z

39. Bartlett JE, Kotrlik JW, Higgins CC. Organizational research: determining
appropriate sample size in survey research. Inform Technol Learn Perfor. (2001)
19:43-50.

40. Moreno-Zambrano D, Sandrone S, Meza-Venegas J, Jimenez J, Freire-Bonifacini
A, Santibanez-Vasquez R, et al. Exploring the key factors behind neurophobia: a
systematic review of the English, Spanish and Portuguese literature. Brain Disorders.
(2021) 2:100011. doi: 10.1016/j.dscb.2021.100011

41. Murthy VD, Le L, Heater HD, Guess SC, Chen AV. Investigation of Neurophobia
amongst north American veterinary students and development of a veterinary
Neurophobia scoring tool (VetNeuroQ). J Vet Med Educ. (2024) 51:819-33. doi:
10.3138/jvme-2023-0017

42. AlZahrani AA, AlQahtani BG, Bayazeed MA, Mahfouz ME. Unveiling neurophobia:
exploring factors influencing medical students, residents and non-neurologist physicians
globally and its implications on neurology care - a systematic review and meta-analysis.
BM]J Neurol Open. (2025) 7:¢001009. doi: 10.1136/bmjno-2024-001009

43. Kogan LR, Hellyer PW, Rishniw M, Schoenfeld-Tacher R. Veterinary behavior:
assessment of veterinarians' training, experience, and comfort level with cases. J Vet Med
Educ. (2020) 47:158-69. doi: 10.3138/jvme.0318-035r1

44. Haake ], Meller S, Meyerhoff N, Twele F, Charalambous M, Talbot SR, et al.
Comparing standard screening questionnaires of canine behavior for assessment of
cognitive dysfunction. Front Vet Sci. (2024) 11:1374511. doi: 10.3389/fvets.2024.1374511

45. Cox CG, Brush BL, Kobayashi LC, Roberts JS. Determinants of dementia diagnosis
in U.S. primary care in the past decade: a scoping review. ] Prev Alzheimers Dis. (2025)
12:100035. doi: 10.1016/j.tjpad.2024.100035

46. Amjad H, Roth DL, Sheehan OC, Lyketsos CG, Wolff JL, Samus QM. Underdiagnosis
of dementia: an observational study of patterns in diagnosis and awareness in US older
adults. ] Gen Intern Med. (2018) 33:1131-8. doi: 10.1007/s11606-018-4377-y

47. Lang L, Clifford A, Wei L, Zhang D, Leung D, Augustine G, et al. Prevalence and
determinants of undetected dementia in the community: a systematic literature review and
a meta-analysis. BMJ Open. (2017) 7:¢011146. doi: 10.1136/bmjopen-2016-011146

48. Salvin HE, McGreevy PD, Sachdev PS, Valenzuela MJ. Under diagnosis of canine
cognitive dysfunction: a cross-sectional survey of older companion dogs. Vet J. (2010)
184:277-81. doi: 10.1016/j.tvjl.2009.11.007

49. Brisset A, Taylor TL, Blanchard T, Fernandez EJ, Hazel SJ. Attitudes of Australian
veterinary professionals to diagnosing and managing canine cognitive dysfunction. Vet
Sci. (2025) 12:272. doi: 10.3390/vetscil 2030272

50. MacQuiddy B, Moreno JA, Kusick B, McGrath S. Assessment of risk factors in dogs
with presumptive advanced canine cognitive dysfunction. Front Vet Sci. (2022) 9:958488.
doi: 10.3389/fvets.2022.958488

51. Milgram NW, Ivy GO, Head E, Murphy MP, Wu PH, Ruehl WW; et al. The effect
of L-Deprenyl on behavior, cognitive function, and biogenic amines in the dog.
Neurochem Res. (1993) 18:1211-9.

52.Pan Y, Larson B, Araujo JA, Lau W, de Rivera C, Santana R, et al. Dietary
supplementation with medium-chain TAG has long-lasting cognition-enhancing effects
in aged dogs. Br ] Nutr. (2010) 103:1746-54. doi: 10.1017/S0007114510000097

53. Cardinali DP, Furio AM, Brusco LI Clinical aspects of melatonin intervention in
Alzheimer’s disease progression. Curr Neuropharmacol. (2010) 8:218-27. doi:
10.2174/157015910792246209

Frontiers in Veterinary Science

15

10.3389/fvets.2025.1685430

54. Santabarbara J, Lipnicki DM, Olaya B, Villagrasa B, Bueno-Notivol ], Nuez L, et al.
Does anxiety increase the risk of all-cause dementia? An updated Meta-analysis of
prospective cohort studies. J Clin Med. (2020) 9:791. doi: 10.3390/jcm9061791

55. Kwak YT, Yang Y, Koo MS. Anxiety in Dementia. Dement Neurocogn Disord.
(2017) 16:33-9. doi: 10.12779/dnd.2017.16.2.33

56. Fast R, Schutt T, Toft N, Moller A, Berendt M. An observational study with long-
term follow-up of canine cognitive dysfunction: clinical characteristics, survival, and
risk factors. J Vet Intern Med. (2013) 27:822-9. doi: 10.1111/jvim.12109

57. Aboukarr A, Giudice M. Interaction between monoamine oxidase B inhibitors and
selective serotonin reuptake inhibitors. Can | Hosp Pharm. (2018) 71:196-207.

58. Edinoff AN, Swinford CR, Odisho AS, Burroughs CR, Stark CW, Raslan WA, et al.
Clinically relevant drug interactions with monoamine oxidase inhibitors. Health Psychol
Res. (2022) 10:39576. doi: 10.52965/001¢.39576

59. Richard IH, Kurlan R, Tanner C, Factor S, Hubble J, Suchowersky O, et al.
Serotonin syndrome and the combined use of deprenyl and an antidepressant in
Parkinson’s disease. Neurology. (1997) 48:1070-6. doi: 10.1212/wnl.48.4.1070

60. Wang Z, Liu T, Su Q, Luo H, Lou L, Zhao L, et al. Prevalence of polypharmacy in
elderly population worldwide: a systematic review and meta-analysis. Pharmacoepidemiol
Drug Saf. (2024) 33:¢5880. doi: 10.1002/pds.5880

61.Kim S, Lee H, Park J, Kang J, Rahmati M, Rhee SY, et al. Global and regional
prevalence of polypharmacy and related factors, 1997-2022: an umbrella review. Arch
Gerontol Geriatr. (2024) 124:105465. doi: 10.1016/j.archger.2024.105465

62. Maher RL, Hanlon J, Hajjar ER. Clinical consequences of polypharmacy in elderly.
Expert Opin Drug Saf. (2014) 13:57-65. doi: 10.1517/14740338.2013.827660

63. Yarborough S, Fitzpatrick A, Schwartz SM. Evaluation of cognitive function in the
dog aging project: associations with baseline canine characteristics. Sci Rep. (2022)
12:13316. doi: 10.1038/s41598-022-15837-9

64.Shah S, Diwan S, Kohan L, Rosenblum D, Gharibo C, Soin A, et al. The
technological impact of COVID-19 on the future of education and health care delivery.
Pain Physician. (2020) 23:5367-80.

65. Martinez-Alcala CI, Rosales-Lagarde A, Pérez-Pérez YM, Lopez-Noguerola JS,
Bautista-Diaz ML, Agis-Juarez RA. The effects of Covid-19 on the digital literacy of the
elderly: norms for digital inclusion. Front Educ. (2021) 6:716025. doi:
10.3389/feduc.2021.716025

66. Frenk J, Chen LC, Chandran L, Groff EOH, King R, Meleis A, et al. Challenges and
opportunities for educating health professionals after the COVID-19 pandemic. Lancet.
(2022) 400:1539-56. doi: 10.1016/S0140-6736(22)02092-X

67. Wallis L], Radford AD, Belshaw Z, Jackson J, Kubinyi E, German AJ, et al. Cross-
sectional United Kingdom surveys demonstrate that owners and veterinary professionals
differ in their perceptions of preventive and treatment healthcare needs in ageing dogs.
Front Vet Sci. (2024) 11:1358480. doi: 10.3389/fvets.2024.1358480

68. Wallis L], Radford AD, Belshaw Z, Jackson ], Kubinyi E, German AJ, et al. "just old
age" - a qualitative investigation of owner and veterinary professional experiences of and
attitudes to ageing in dogs in the UK. J Small Anim Pract. (2023) 64:425-33. doi:
10.1111/jsap.13610

69. Davies M. Geriatric screening in first opinion practice - results from 45 dogs. J
Small Anim Pract. (2012) 53:507-13. doi: 10.1111/j.1748-5827.2012.01247 x

70. Willems A, Paepe D, Marynissen S, Smets P, Van de Maele I, Picavet P, et al. Results
of screening of apparently healthy senior and geriatric dogs. J Vet Intern Med. (2017)
31:81-92. doi: 10.1111/jvim.14587

frontiersin.org


https://doi.org/10.3389/fvets.2025.1685430
https://www.frontiersin.org/journals/veterinary-science
https://www.frontiersin.org
https://doi.org/10.1007/s11357-025-01521-z
https://doi.org/10.1016/j.dscb.2021.100011
https://doi.org/10.3138/jvme-2023-0017
https://doi.org/10.1136/bmjno-2024-001009
https://doi.org/10.3138/jvme.0318-035r1
https://doi.org/10.3389/fvets.2024.1374511
https://doi.org/10.1016/j.tjpad.2024.100035
https://doi.org/10.1007/s11606-018-4377-y
https://doi.org/10.1136/bmjopen-2016-011146
https://doi.org/10.1016/j.tvjl.2009.11.007
https://doi.org/10.3390/vetsci12030272
https://doi.org/10.3389/fvets.2022.958488
https://doi.org/10.1017/S0007114510000097
https://doi.org/10.2174/157015910792246209
https://doi.org/10.3390/jcm9061791
https://doi.org/10.12779/dnd.2017.16.2.33
https://doi.org/10.1111/jvim.12109
https://doi.org/10.52965/001c.39576
https://doi.org/10.1212/wnl.48.4.1070
https://doi.org/10.1002/pds.5880
https://doi.org/10.1016/j.archger.2024.105465
https://doi.org/10.1517/14740338.2013.827660
https://doi.org/10.1038/s41598-022-15837-9
https://doi.org/10.3389/feduc.2021.716025
https://doi.org/10.1016/S0140-6736(22)02092-X
https://doi.org/10.3389/fvets.2024.1358480
https://doi.org/10.1111/jsap.13610
https://doi.org/10.1111/j.1748-5827.2012.01247.x
https://doi.org/10.1111/jvim.14587

	Current practices for diagnosis and management of Canine Cognitive Dysfunction Syndrome in the United States
	Introduction
	Materials and methods
	Survey development
	Survey distribution
	Data analysis

	Results
	Respondent population
	Diagnosis of CCDS
	Management of CCDS
	Veterinarian’s understanding of client perceptions

	Discussion

	References

