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Abstract: “Aging” represents the broad spectrum of changes associated with the passage of time. Among domestic
animals, dogs have been extensively studied as a model for neurodegenerative human diseases due to their similari-
ties, especially in terms of pathological alterations. Canine Dysfunction Syndrome (CDS) is still under investigation
from diagnostic, clinical, anatomopathological, and therapeutic perspectives. Consequently, numerous authors have
developed and validated various rating scales to assess geriatric animals for early and non-invasive diagnosis of
CDS. The objective of this review is to offer a comprehensive overview of existing rating scales and to discuss their
strengths and limitations.
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Introduction

Aging and senescence represent fundamental processes in the life cycle of animal species, en-
compassing both chronological and physiological aspects of getting older (Hassan, 2022; Corad-
duzza et al., 2023). While often used interchangeably, these terms hold distinct etymological roots
and conceptual nuances. “Aging” represents the broad spectrum of changes associated with the
passage of time, encompassing both chronological markers and the myriad physiological altera-
tions that unfold over the lifespan. Conversely, “senescence” delves deeper into the cell, spotlight-
ing the gradual decline in cellular functionality and resilience that accompanies the aging process.

Age-related neurodegenerative diseases in humans

Age-related neurodegenerative diseases bring about a decline in cognitive and motor func-
tions (Mihevc et al., 2019). While commonly associated with older age, these diseases can strike
individuals at any stage of life, imposing significant burdens on patients, caregivers, and society.
Alzheimer’s disease (AD) is a prominent example, characterized by the gradual build-up of harm-
ful proteins in the brain, leading to cognitive decline (Hardy et al., 2002). Similarly, Parkinson’s
Disease (PD) leads to motor symptoms like tremors and stiffness due to the loss of specific brain
cells (Obeso et al., 2017). Amyotrophic lateral sclerosis (ALS) affects motor neurons, resulting in
muscle weakness and paralysis (Brown et al., 2017). Spinocerebellar ataxias (SCAs) encompass
various hereditary disorders affecting movement and coordination (Sullivan et al., 2019). Addi-
tionally, age-related depression and cerebrovascular diseases contribute to neurodegeneration,
impacting mental and physical health (Djernes, 2006). These diseases share a common thread of
neuroinflammation, driven by the immune system, which worsens neuronal damage (Franceschi
et al., 2007).
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Canine Cognitive Dysfunction Syndrome

Canine Cognitive Dysfunction Syndrome (CDS) reflects the shared vulnerabilities between
humans and their dogs, revealing the complexities of aging, neurodegeneration, and cognitive
decline (Ciurli et al., 2024). Often called “canine dementia,” CDS affects older dogs with a gradual
onset of neurobehavioral symptoms similar to those seen in humans. These symptoms include
changes in social behavior, disorientation, and anxiety, causing distress and confusion in affected
dogs. However, distinguishing CDS from typical age-related changes poses challenges, as symp-
toms overlap with those observed in healthy aging dogs. Understanding canine cognition and be-
havior, along with specific diagnostic tests, is essential for accurate diagnosis (Schutt et al., 2015).
While age-related cognitive decline is common in dogs, not all progress to full-blown CDS, high-
lighting the influence of genetic, environmental, and individual factors. Despite the prevalence of
cognitive decline, only a small percentage of affected dogs receive veterinary attention, indicating
a lack of recognition and diagnosis of CDS in clinical practice (Landsberg et al., 2010).

Alzheimer’s Disease and Cognitive Deficiency Syndrome

The strong similarities between CDS and AD provide valuable insights into the shared mecha-
nisms of neurodegeneration in dogs and humans (Ciurli et al., 2024). Both conditions show sim-
ilar neuropathological features, such as changes in brain structure like widening of cerebral sulci,
ventricular enlargement, and cortical atrophy in key brain areas like the cortex, hippocampus,
and limbic system (West et al., 2000; Toepper, 2017; Siwak-Tapp et al., 2008). Additionally, clini-
cal signs of CDS closely resemble those seen in AD, including gradual cognitive decline, changes
in behavior, and increased anxiety (Bature et al., 2017). The progression of both diseases follows
a similar pattern, starting with a preclinical phase before advancing to overt dementia (Toepper,
2017). Motor dysfunction is also common in both conditions, with dogs affected by CDS show-
ing gait abnormalities and muscle weakness similar to human Parkinson’s disease (Mihevc et al.,
2019). Furthermore, neuroinflammation plays a role in both diseases, suggesting a shared inflam-
matory process driven by the immune system. These shared features highlight the potential of
studying CDS in dogs to better understand neurodegeneration and develop treatments that could
benefit both canine and human populations.

CDS rating scales

The challenges posed by CDS in aging dogs highlight the necessity for reliable assessment tools
to facilitate early diagnosis and effective management (Ciurli, 2024). CDS Scales, standardized
tools designed for the evaluation and quantification of cognitive dysfunction in aging dogs (Ma-
dari et al., 2015), aim to offer an objective and comprehensive assessment of various behavioral
changes associated with canine cognitive decline. These scales encompass a series of easily ad-
ministered tests, including evaluations of spatial orientation, social interaction, and response to
specific stimuli. Such scales enable veterinary surgeons to efficiently evaluate cognitive function
during routine examinations, thereby facilitating early detection and intervention in dogs expe-
riencing cognitive decline. Several screening questionnaires have been developed for assessing
canine cognitive decline:
® Pugliese et al. (2005) introduced a rapid behavioral test assessing CDS severity, correlating each

disease stage with modifications in cerebral energy metabolism.
® Rofina etal. (2006) analyzed previous questionnaires, investigating correlations between scores

and various cerebral parameters in geriatric dogs.
® Osella et al. (2007) amalgamated previous questionnaires to explore CDS clinical sign preva-
lence in an elderly dog population.
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Salvin et al. (2011) developed the Canine Cognitive Dysfunction Rating scale (CCDR), identi-
tying key behavioral signs based on a survey of over 900 dogs aged 8 years or older.

Madari et al. (2015) devised the CADES for objective cognitive impairment assessment in 215
dogs aged 8 years and older, aiming to create a tool free from owner bias, in contrast to CCDR.

A differentiation of these scales is based on their specific purpose:

1. Pugliese et al. (2005) and Rofina et al. (2006), developed two scales to evaluate the association
between common signs of CDS, such as disorientation, hypoactivity, and house-soiling, with
measurable neurophysiological changes.

2. Osella et al. (2007) built up a questionnaire with scales from the literature to assess the preva-
lence of signs of CDS among elderly dogs and follow-up with the patients chosen to evaluate the
results achieved by administering a nutraceutical.

3. Salvin et al. (2011) and Madari et al. (2015) aimed to elaborate a scale to assess behavioral
changes consistent with CDS, and follow-up the clinical cases.

Pugliese et al. (2005)

The study involved a comprehensive examination of 25 dogs at the veterinary hospital Ars Vet-
erinaria in Barcelona, Spain. A cognitive evaluation was conducted using a test adapted from
existing veterinary assessments, employing 16 items that covered various behavioral traits. This
test revealed three distinct groups of dogs categorized by age and cognitive status: young controls,
those with light cognitive deficits, and those with severe cognitive deficits.

Simultaneously, cerebrospinal fluid (CSF) analysis provided insights into biochemical parame-
ters related to energy metabolism and ionic movements, uncovering notable differences between
the groups. The severe cognitive deficit (SCD) group exhibited increased variability in glucose
concentration and higher levels of pyruvate, lactate, and potassium. Moreover, the study intro-
duced a novel concept by assessing the ratio of lactate to pyruvate as a potential marker of cogni-
tive impairment. The results indicated a marked increase in this ratio in the SCD group, whilst no
significant difference was observed in the light cognitive deficit group.

The discussion section delves into the refinement of the cognitive test by removing 7 items with
ambiguous owner evaluations, resulting in a more effective tool for detecting cognitive deficits.
Items such as eating, barking, drinking, and self-control were straightforward to comprehend but
posed challenges for owners during evaluation. The assessment of aggression proved intricate due
to owners hesitating to acknowledge this behavior. Similarly, auto-stimulatory and learned social
behavior items presented difficulties in understanding and evaluation for the owners.

The conclusions propose the validated test as a time-efficient tool for discriminating between
varying degrees of cognitive impairment in dogs. The parallel increase in lactate and pyruvate
levels in CSF is identified as reflective of severe cognitive impairment. The article calls for further
studies to determine the applicability of these findings in differentiating cognitive deficits in hu-
man patients.

Rofina et al. 2006

The research presents a comprehensive study investigating cognitive dysfunction in dogs and its
potential correlation with pathological changes in the brain. The experimental procedure involved
the examination of the brains of 30 dogs of various breeds. 14 dogs were females, of which 6 were
neutered; 16 dogs were males, of which 8 were neutered. The age range was 0.1 - 19.2 years, with a
mean age of 12.03 years. The causes of death/euthanasia were various, but for 19 dogs were related
to behavioral changes or aggression. The study collected data on behavior through three ques-
tionnaires and conducted necropsies to rule out physical causes for observed behavioral changes.
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Additionally, blood tests were performed to assess kidney and liver function, along with glucose
levels.

The brains underwent detailed analysis for pathological lesions, including cortex atrophy, am-
yloid deposition, lipofuscin accumulation, demyelination, and oxidative damage. Notably, the
study revealed correlations between cortical atrophy and dementia scores, suggesting a potential
link between the loss of cortical tissue and behavioral changes in older dogs. The same relation was
suggested for other pathological features such as amyloid deposits and lipofuscin, while oxidative
damage seemed to be linked to advanced stages of dementia.

The article delves into the intricacies of canine cognitive dysfunction, emphasizing the neces-
sity for a balanced questionnaire to accurately diagnose behavioral changes. Acknowledging the
potential influence of various factors on behavior, the study highlights the need for comprehensive
diagnostic criteria to ensure accurate assessments.

Osella et al. 2007

The study conducted by Osella et al. in 2007 aimed to investigate CDS in geriatric dogs and
evaluate the therapeutic effects of a nutraceutical called Senilife® (the latest won’t be debated fur-
ther). The methods employed in this research involved a comprehensive survey of 124 geriatric
dogs (over 7 years of age) that were not admitted for behavioral complaints. The owners were
interviewed to provide information about behavioral signs related to CDS. The study categorized
these signs into various groups, such as disorientation, socio-environmental interaction, sleep-
wake cycles, house soiling, and general activity. Additionally, physical examinations, laboratory
assessments, and sensory evaluations were performed, and further diagnostic tests or consulta-
tions were recommended when necessary.

Out of the 124 dogs, 22 were excluded for primary organ failure and/or neurological signs, or
because they have been living with the owner for less than 1 year. Out of the remaining 102 sub-
jects:

® 27 dogs expressed aging without any signs of CDS,

® 42 dogs had alterations in 1 category. 25 dogs had alterations in socio-environmental interac-
tion, 16 in sleep-wake cycles, and 1 in house soiling. 18 dogs had general activity changes with
12 dogs being hypoactive. 15 dogs were females, 10 of which were neutered, 15 were males, 2 of
which were castrated, and the age range was 8-17 years, with a mean age of 12.61.

® 26 dogs had signs in 2 categories. 13 dogs had alterations in socio-environmental interaction,
16 in sleep-wake cycles, and 2 in house soiling, 20 dogs had general activity changes, with 8
dogs being hypoactive. 13 dogs were females, 8 of which were neutered, 13 were entire males,
and the age range was 9-19 years, with a mean age of 12.61.

® 5 dogs had signs in 3 categories. 2 dogs had alterations in socio-environmental interactions, 2
in sleep-wake cycles, 2 in disorientation, and 1 in house soiling. All the dogs showed marked
hypoactivity. All the dogs were females, 4 of which were spayed. 2 dogs were 12 years old, while
the others were each 13, 14, and 15 years old.

® 2 dogs had signs in all 4 categories. 1 was an 18-year-old female, and 1 was a 16-year-old male.

Therefore, 75 out of 102 dogs had signs referring to CDS.
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The document delved into the prevalence of CDS in veterinary medicine and the challenges
of early detection. It drew comparisons with human medicine, where standardized neuro-psy-
cho-physiological evaluation scales are used. The authors noted that the questionnaire employed
in their study was not a validated scale for a specific diagnosis of CDS but could serve as part of a
preliminary global geriatric screen for the condition. The questionnaire was adapted from the re-
search of Kiatipattanasakul et al. (1996), Colle et al. (2000), Pageat (2001), Landsberg et al. (2003),
and Pugliese et al. (2005). The article also addressed the need for further research to correlate
behavioral, emotional, and cognitive signs with biological markers and post-mortem brain lesion
analysis.

Salvin et al. 2011

The study employed a comprehensive approach to investigating the prevalence of CDS in aging
dogs, aiming to structure a reliable diagnostic questionnaire. The research involved a survey dis-
tributed both online and in hard copy formats to owners of dogs over 8 years of age. The survey
collected data on various behavioral aspects, including eating and drinking, changes in activity
levels, house-soiling, aggression, and phobias. Owners were asked to report the frequency and
changes in these behaviors over the preceding six months. The study aimed to create a reliable
diagnostic tool able to identify age-related cognitive impairment in dogs, by analyzing a range of
behavioral indicators.

Each item was assigned a score between 1 and 5 depending on the frequency of the observed
behavior: 1 for never, 2 for once a month, 3 for once a week, 4 for once a day, and 5 for more than
once a day. Dogs with a score higher than 50, were defined as affected by cognitive deficiency.

A total of 957 eligible responses were obtained from owners coming from 11 different countries
(mainly Australia, the United States of America, New Zealand, and the United Kingdom), with a
mean age of 11 years and 9 months, for the surveyed dogs. The prevalence of CDS in the entire
sample was estimated at 12.0%, with rates increasing exponentially with age: 4.4% of 8-10-year-
olds, 3.4% of 10-12 year-olds, 18.6% of 12-14 year-olds, and 31% of dogs >14 years. Rates of CDS
were similar in males (entire 13.6%; neutered 10.8%) and females (entire 9.7%; neutered 12.7%).

The study developed a Canine Cognitive Dysfunction Rating (CCDR) scale, comprising 13
behavioral items that were observed in 80% of dementia cases, diagnosed by veterinary surgeons.
The CCDR scale demonstrated high diagnostic specificity, with a peak of 90% in severe cases of
CDS. Indeed, the research aimed to develop a scale able to diagnose CDS rather than predict it or
discern it with an “elder behavior”.

One crucial aspect highlighted in the research (already mentioned in chapter 2.1.2) is the un-
der-diagnosis of CDS in aging dogs. The authors stress the common misconception among owners
that neurobehavioral changes in older dogs are a normal part of aging, leading to low presentation
rates.

The author emphasizes the scale’s potential in early diagnosis, allowing for timely intervention
and improved management of CDS. However, a combination of the CCDR scale and veterinary
assessment is proposed as a definitive and standardized method for diagnosing CDS in veterinary
practice.

In conclusion, this approach hopes to serve as a valuable tool for companion dogs, contributing
to the understanding of CDS as a naturalistic model of human AD.
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Never Once a Once a Once a >Once a Score
month week day day
How often does your dog pace up and down, walk in _ _ - - - _
circles and/or wander with no direction or purpose? O=1 0=2 0=3 U=4 O-=5 -
How often does your dog stare blankly at the walls or - _ - - - -
floor? =1 =2 =3 (=4 =5 =
How often does your dog get stuck behind objects and — _ . u - =
is unable to get around? =1 O=2 O=3 L=4 C=5
How often does your dog fail to recognise familiar _ _ _ e - _
pecple or pets? =1 =2 =3 =4 [=5 =
How often does your dog walk into walls or doors? =1 =2 =3 =4 O=5 =
How often does your dog walk away while, or avoid, » _ — L _ _
being patted? 0= O=2 O=3 =4 O=5 B
1-30%  31-60% 61-99% Always
S times times times
How often does your dog have difficulty finding food =1 O=2 =3 =4 =5 =

dropped on the floor?

Much Slightly The Slightly Much

less less same more more
Compared with 6 months ago, does your dog now pace
up and down, walk in circles and/or wander with no =1 =2 =3 =4 =5 =
direction or purpose?

Compared with 6 months ago, does your dog now stare - _ - L _ -
blankly at the walls or floor? =1 U=2 0=3 U=4 == a

Compared with 6 months ago, does your dog urinate or
defecate in an area it has previously kept clean (ifyour — [= (=2 O=3 CI=4 O=5 =
dog has never house-soiled, tick ‘the same’)?

Compared with 6 months ago, does your dog have = _ » L L Multiply by 2
difficulty finding food dropped on the floor? O=1 O=2 0=3 U=4 U=5 =

Compare with 6 months ago, does your dog fail to = - - = - Multiply by 3
recognise familiar people or pets? =1 [=2 =3 =4 [=5 =

Much Slightly The Slightly Much

more more same less less
Compared with 6 months ago, is the amount of time - - » o - -
your dog spends active? =1 =2 [=3 =4 L=5
0-39 = Normal 40-49 = Atrisk 50+=CCD Total =

Image: Canine Cognitive Dysfunction Rating (CCDR), Salvin et al. (2011).

Madari et al. 2015

The study focuses on the development and validation of a rating scale for CDS. The authors
address the limitations of existing evaluation schemes for cognitive functions in dogs, highlighting
the need for more sensitive instruments to detect early cognitive changes characteristic of CDS.
They emphasize the importance of early detection in increasing the chances of successful treat-
ment. To address these concerns, the researchers developed the Canine Dementia Scale (CADES),
a questionnaire designed to assess the severity of the disease, identify various stages, and measure
the progression of decline over time. The scale was adapted from the previous questionnaires pro-
posed by Osella et al. (2007) and Salvin et al. (2011).

The researchers included 300 dogs above 8 years of age in their sample, visiting the veterinary
clinic for vaccinations, parasitical treatments, and common health complaints. To rule out any
potential confounding factor, every dog underwent clinical, neurological, orthopedic, X-ray, ultra-
sound, and ECG examinations as well as blood and urine analyses. A behavioral investigation was
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conducted by an experienced professional, and information was collected from pet owners. The
scoring system of CADES covered four domains related to changes in behavior: spatial orientation
(Domain A), social interactions (Domain B), sleep-wake cycles (Domain C), and house soiling
(Domain D). The scale was employed to quantify cognitive decline in dogs.

The authors present the classification of dogs into different cognitive states based on CADES
scores: Normal Ageing (NA), Mild Cognitive Impairment (MiCI), Moderate Cognitive Impair-
ment (MoClI), and Severe Cognitive Impairment or Canine Dementia (CD). The study metic-
ulously provides detailed demographic information for each cognitive group, including gender,
neuter status, weight, and age range. Among the 56 dogs classified as experiencing Normal Aging
(NA), 30 were females, 26 were males, 43 were neutered, and 13 were intact. The age range for this
group was 8-13 years, with a mean age of 9.29. In the Mild Cognitive Impairment (MiCI) group,
consisting of 80 dogs, 37 were females, 43 were males, 64 were neutered, and 16 were intact, with
an age range of 8-14 years and a mean age of 10.15.

The Moderate Cognitive Impairment (MoCI) group, comprising 49 dogs, had 19 females, 30
males, 38 neutered, and 11 intact, with an age range of 8-16.5 years and a mean age of 12.25. The
Severe Cognitive Impairment or Canine Dementia (CD) group, with 49 dogs, included 13 females,
17 males, 22 neutered, and 8 intact, with an age range of 9-17 years and a mean age of 13.8.

CADES is the only scale, among the ones mentioned in the dissertation, that aims to differenti-
ate between the cognitive states. For NA, the scores ranged up to 7 points. In MiClI, the scores were
between 8 and 23 points, while for MoClI, the range was 24-44 points. The CD group exhibited
CADES scores higher than 45 points.

The study explored the phenotypic variability of the cognitive dysfunction syndrome in aged
dogs, identifying the domains most commonly affected in each cognitive state. The distribution
of impaired domains in each cognitive state was as follows: In the MiCI group, 40% of dogs had
impaired Domain B, 12.5% had impaired Domain C, and only 5% displayed impairment of both
B and C domains. For the MoCI group, 67% of dogs showed impairment in B and C domains, 8%
in A and B domains, and 8% in A, B, and C domains. In the CD group, 67% demonstrated impair-
ment in all four domains, 13% in B, C, and D domains, and 13% in A, B, and C domains.

The study also investigated the rate of conversion from normal aging to mild cognitive impair-
ment and from mild cognitive impairment to dementia over a 12-14-month period. The conver-
sion rate from normal aging to mild cognitive impairment was 42%, while the conversion rate
from mild to moderate cognitive impairment was 24%. Notably, 85% of dogs suffering from MoCI
remained stable for 6 months. In the 12-14-month follow-up, 71.4% of initially classified NA dogs
were diagnosed with MiCI, and 50% of originally MiCI subjects converted to MoCI. Intriguingly,
dogs that converted from MiCI to MoCI within one year obtained more than 10 points in the first
testing session (12-21 points). Importantly, none of the initially cognitively normal dogs deterio-
rated to dementia over one year.

To conclude, the authors emphasize the sensitivity of the scale to early cognitive changes, mak-
ing it a valuable tool for both diagnosis and monitoring of cognitive decline in dogs. The pheno-
typic variability findings underscore the complexity of CDS in dogs, with social interactions and
sleep-wake cycles being the most commonly affected domains.
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Domain Item

1. disorientation in a familiar environment (inside/outside)

2. to recognize familiar people and animals inside or outside the house/
apartment

A. Spatial orientation 3. abnormally respond to familiar objects (a chair, a wastebasket)

4. aimlessly wandering (motorically restless during day)

5. a reduced ability to do previously learned task

6. changes in interaction between man/dog, dog/other dog (playing, petting,
welcoming)

7. changes in individual behavior of dog (exploration behavior, play,
performance)

B. Social interaction s
S 8. response to commands and the ability to learn new task

9. irritable

10. expression of aggression

11. abnormally responds at night (wandering, vocalization, motorically restless)
C. Sleep-wake cycle

12. switch over from insomnia to hypersomnia

13. eliminate at home at random locations

14. eliminate in its kennel or sleeping area

D. House soiling 15. changes in signalization for elimination activity

16. eliminate indoors after a recent walk outside

17. eliminate at uncommon locations (grass, concrete)

Total score (A+B+C+D)=0-95

Clinical stage:

- Normal aging (Score 0-7),

- Mild cognitive impairment (8-23),

- Moderate cognitive impairment (24-44),
- Severe cognitive impairment (45-95)

Canine Dementia Scale (CADES):
Frequency: 0 points — abnormal behaviour of the dog was never observed,

2 points — abnormal behaviour of the dog was detected at least once in the last 6 months, 3
points — abnormal behaviour appeared at least once per month, 4 points — abnormal behaviour
was seen 2—4 times per month, 5 points — abnormal behaviour was observed several times a
week, Madari et al. (2015).
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Discussion
Analysis and methodologies of previous studies

The effectiveness of scales in assessing CDS varies, each presenting strengths and limitations.
This is also due to the different purposes defined in each study. Pugliese et al.’s scale (2005) offers
an interesting insight into CDS severity through CSF analysis, correlating biochemical parameters
with cognitive impairment. However, the study’s limitation is its small subject size, involving only
25 dogs. The reliance on CSF analysis, while informative, may not be practical for routine clinical
use due to the invasive nature of the procedure and associated costs. Despite these limitations, the
emphasis on biochemical markers adds valuable information to the understanding of cognitive
impairment.

Rofina et al.’s scale (2006), which correlates cognitive dysfunction with pathological changes in
the brain, faces challenges with a relatively small subject pool of 30 dogs. The study’s strength lies
in its exploration of neurobiological correlations, shedding light on the intersection of behavioral
symptoms and brain pathology. However, the limited number of subjects raises concerns about
the representativeness of the findings for the broader population of aging dogs with cognitive
dysfunction.

Salvin et al’s CCDR (2011), despite its extensive subject sample of over 900 dogs aged 8
years or older, relies on a questionnaire. The subjective nature of owner responses introduces a
potential source of bias, impacting the accuracy of the scale. While providing a broad overview,
its effectiveness in precisely assessing cognitive states may be limited compared to more objective
measures. The reliance on owner observations might not fully capture the subtleties of cognitive
decline, especially in cases where owners may not recognize or report certain behavioral changes
accurately.

Madari et al.’s CADES (2015) stands out for its meticulous methodology, involving a diverse
set of examinations, including blood and urine analyses, clinical, neurological, orthopedic,
X-ray, ultrasound, and ECG examinations. This comprehensive approach ensures a thorough
assessment of cognitive decline in aging dogs, covering domains such as spatial orientation, social
interactions, sleep-wake cycles, and house soiling. The inclusion of 215 dogs aged 8 years and older
adds statistical robustness to the findings, allowing for a nuanced classification of cognitive states.
The study’s focus on the rate of conversion between different cognitive states over a 12-14-month
period emphasizes the scale’s sensitivity to early cognitive changes, further validating its utility for
both diagnosis and monitoring.

In comparison, while each scale contributes to our understanding of CDS, scales like CCDR,
Pugliese’s, and Rofina’s, provide valuable insights, but face limitations in terms of reliance due
to questionnaires or small subject sizes, impacting their overall effectiveness. Moreover, Pugliese
and Rofina’s studies were not focused on validating a diagnostic method. Indeed, the aim was to
examine possible associations between behavioral symptoms and neurological clinicopathological
signs. In contrast, CADES appears to be a more comprehensive and objective tool, offering a
detailed assessment of cognitive states in aging dogs. The inclusion of additional examinations
strengthens its validity and reliability.

Applications in the clinical environment

Implementing cognitive dysfunction scales in a veterinary practice holds significant potential
for enhancing the quality of care provided to aging dogs. The purpose of incorporating these scales
revolves around early detection, accurate diagnosis, and effective management of canine cognitive
decline. The benefits encompass improved patient outcomes, enhanced owner awareness, and the
potential for proactive intervention. In order to obtain the best output, more than one scale could
be involved in the process of identifying, diagnosing, and monitoring patients affected by CDS.
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The CCDR can serve as an initial screening tool due to its accessibility and ease of administration.
Veterinary practices can integrate CCDR into waiting rooms, phone calls, or routine check-ups,
allowing for quick assessments of cognitive function in aging dogs. While the reliance on owner-
reported data raises concerns about potential bias, the scale’s widespread use and large sample size
facilitate its integration into regular practice, providing a preliminary indication of cognitive health.

On the other hand, the CADES offers a more comprehensive approach, making it suitable
for more in-depth assessments. Veterinarians can incorporate CADES into consultations with
geriatric patients, conducting a thorough examination that includes clinical, neurological,
orthopedic, and imaging assessments. The scale can contribute to an accurate diagnosis and
monitoring of cognitive decline. CADES can be particularly valuable in cases where owners
comply in treating their pets, giving useful insights through time.

Conclusions

The profound bond between dogs and humans, nurtured over millennia, has been underscored
by the enduring companionship they share (Porti et al., 2017; Jung et al., 2018). This connection,
as evidenced by a plethora of studies (Carlone et al., 2019; Mariti et al., 2013a; Mariti et al., 2013b;
Mariti et al., 2014; Mariti et al., 2017; Mariti et al., 2018; Mariti et al., 2020; Riggio et al., 2021;
Riggio et al., 2021a; Riggio et al., 2021b; Riggio et al., 2021c¢), highlights the enduring and unique
nature of the human-dog relationship. This bond adds complexity and emotional significance to
our comprehension and management of age-related neurodegenerative diseases since they are a
common pressing concern in both humans and pets.

AD, PD, ALS, SCAs, age-related depression and cerebrovascular disease, and canine CDS
share common traits that can lead to the study of dogs as possible models for future research
and therapies. Noteworthy similarities include protein aggregates, neuroinflammation, cognitive
decline, and motor dysfunction (Hardy et al., 2002; Franceschi et al., 2007; Salvin et al., 2011;
Miheve & Majdic, 2019).

The connection between CDS and AD is underscored, revealing shared pathological features
like cerebral changes, beta-amyloid and neurofibrillary tangle accumulation, and neuronal loss
(Toepper, 2017; West et al., 2000; Siwak-Tapp et al., 2008; Bature et al., 2017).

The assessment of CDS through various scales is explored, each with distinct strengths
and limitations. Pugliese et al.’s scale (2005) delves into CDS severity through a quick-testing
questionnaire combined with cerebrospinal fluid analysis, offering insights into biochemical
parameters correlated with cognitive impairment. Rofina et al.’s work (2006) correlates cognitive
dysfunction with brain pathology, providing neurobiological correlations. Salvin et al.’s CCDR
(2011), with over 900 dog owners interviewed, created the first comprehensive questionnaire.
Madari et al’s CADES (2015) stands out for its thorough methodology involving diverse
examinations, ensuring an accurate assessment of cognitive decline. Comparatively, CADES
emerges as a more comprehensive and objective tool, incorporating various examinations
for detailed assessments. While CCDR, Pugliese’s, and Rofina’s scales offer valuable insights,
limitations like reliance on questionnaires or small subject sizes impact their overall effectiveness.
Future research is suggested to combine the strengths of these scales, integrating objective
measures with larger, diverse populations to enhance precision in CDS assessment in veterinary
practice. Moving to applications in the clinical environment, the implementation of cognitive
dysfunction scales in veterinary practice holds promise for improving care for aging dogs.
CCDR could serve as an initial screening tool due to its accessibility, while CADES offers a
more comprehensive approach for in-depth assessments, contributing to accurate diagnosis
and monitoring, particularly valuable in cases where owners actively participate in their pet’s
treatment. Future studies in the field could explore several avenues to advance our understanding
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and assessment of cognitive decline in aging dogs, with a comparison focus on human AD. One
potential area of research involves the integration of multiple cognitive dysfunction scales, aiming
to provide a more nuanced and holistic understanding of the cognitive states in aging dogs.

Addressing the impact of owner education and awareness on the recognition and reporting of
behavioral changes associated with CDS is also a relevant area for investigation. Understanding
and mitigating potential biases introduced by subjective owner responses in certain scales could
improve the accuracy of assessments. Large-scale population studies are essential to increase the
diversity and representativeness of subjects. This approach could enhance the generalizability of
findings and contribute to the development of more universally applicable assessment tools.

These potential areas for future research aim to address current limitations, enhance the
precision of CDS assessment, and contribute to a more comprehensive understanding of cognitive
decline in both aging humans and dogs.

Funding: This research was funded by the University of Pisa (Italy) as part of the project titled:
“Indicators of “successful aging” in canine and equine species” PRA_2022_8.
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Sintesi

L*“invecchiamento” rappresenta l'ampio spettro di cambiamenti associati al passare del tempo. Tra gli animali do-
mestici, i cani sono stati ampiamente studiati come modello per le malattie neurodegenerative umane a causa delle
loro somiglianze, soprattutto in termini di alterazioni patologiche. La sindrome da disfunzione canina (CDS) ¢ ancora
oggetto di studio dal punto di vista diagnostico, clinico, anatomopatologico e terapeutico. Di conseguenza, numerosi
autori hanno sviluppato e convalidato varie scale di valutazione per valutare gli animali geriatrici per la diagnosi pre-
coce e non invasiva della CDS. Lobiettivo di questa revisione ¢ quello di offrire una panoramica completa delle scale di
rating esistenti e di discuterne i punti di forza e i limiti.






