Clinical Picture of Canine and Feline
Cognitive Impairment
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Cognitive dysfunction syndrome (CDS) is a progressive, neurodegenerative disease of
aged dogs and cats that manifests as behavioral changes, impaired learning and mem-
ory, awareness (response to stimuli), and confusion. CDS can severely impact animal
welfare and the human-animal bond which may ultimately lead to shortened life span
of the pet. Clinical signs in dogs and cats may include deficits in one or more catego-
ries. These categories represented by the acronym DISHAA include disorientation,
alterations in social interactions, changes in sleep-wake cycles, loss of housetraining
and other learned behaviors, altered activity levels (increased or decreased), and
increased anxiety. Changes may also be seen with self-hygiene, appetite, and response
to stimuli. CDS is diagnosed by exclusion of any medical and primary behavioral
conditions, whose symptoms mimic that might be a cause of the signs. In addition, the
presence of concurrent medical issues may confound a CDS diagnosis. Validated neu-
ropsychological laboratory tests objectively quantify measures of learning and mem-
ory impairment that likely correspond to CDS signs. These tests provide a mechanism
by which the effect of therapeutic agents can be assessed. However, as these tests
require a trained personnel, standardized methodology, a cognitive assessment appa-
ratus, and both time and consistency to assess the pet, they are a not a practical option
in the clinical setting for family-owned pets. Although highly prevalent, signs of CDS
are severely underreported to veterinarians by owners. Therefore, veterinarians must
question owners proactively, obtain a thorough history, and screen for signs of CDS to
ensure early identification which will then yield the greatest opportunity to treat early,
slow decline, and improve CDS signs.
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1.1 Clinical Signs of Cognitive Dysfunction

Clinical signs of CDS have been described by the acronym DISH as a basis for
screening and diagnosis. DISH refers to a disorientation, altered social interactions
with people or other pets, altered sleep-wake cycles, and house soiling and loss of
other learned behaviors (Azkona et al. 2009; Gonzalez-Martinez et al. 2011; Gunn-
Moore et al. 2007; Madari et al. 2015; Landsberg et al. 2013; Landsberg et al. 2012;
Osella et al. 2007; Reme et al. 2008; Neilson et al. 2001; Ruehl et al. 1995).
Alternately, the use of the acronym DISHAA to include the categories of altered
activity levels and increasing anxiety provides a more inclusive and potentially
more sensitive screening questionnaire, based on studies that document alterations
in these two clinical signs with increasing cognitive decline (Fast et al. 2013; Rosado
et al. 2012). Other signs might include altered responsiveness to stimuli (i.e., exag-
gerated or reduced), altered interest in appetite or self-hygiene (i.e., increased or
reduced), and altered control of feeding or drinking behaviors (Colle et al. 2000;
Pugliese et al. 2005; Rofina et al. 2006) (Table 1.1).

Some dogs and cats might exhibit a single behavioral sign from one category,
whereas others might exhibit multiple signs in a variety of categories. Similarly,
there is a broad range in severity, including the number of presenting signs, number
of affected categories, and intensity of signs that increases with advancing age
(Azkona et al. 2009; Bain et al. 2001; Fast et al. 2013; Madari et al. 2015; Pugliese
et al. 2005; Salvin et al. 2011a, b). In one study of dogs 8 years and older, signs that
deteriorated most with age were activity and play levels, response to commands, and
fears and phobias; however, for each of these signs underlying medical issues were a
potential cause that had yet to be ruled out (Salvin et al. 2011a, b). In a study that
examined the most common signs and their progression from non-affected to mark-
edly affected, the most common signs in dogs with CDS were sleeping more during
the day and restlessness at night (57%), altered social interactions (51%), disorienta-
tion (49%), and anxiety (46%). For dogs with mild cognitive dysfunction, the princi-
pal sign was increased daytime sleep (70%), with anxiety in 11%. In the non-CDS
group, signs of anxiety were only reported in 4% of the dogs (Fast et al. 2013). In this
study, the workup to rule out underlying medical causes was extensive including
physical examination, blood, urine, and MRI where indicated. Madari and coworkers
found that of the four categories of DISH, social interactions and sleep-wake cycles
were most affected. In dogs with the most severe impairment, 67% were impaired in
all four domains, while in the dogs with moderate dysfunction, 67% were affected in
two domains (primarily social interactions and sleep-wake cycles), while with mild
dysfunction, owners seldom reported changes unless asked with social changes
being most affected (Madari et al. 2015). Azkona et al. reported alterations in social
interactions and house training as the most commonly reported signs (Azkona et al.
2009). In another study, intermittent manifestations of anxiety were reported in 61%
of dogs with CDS (Reme et al. 2008). In fact, because of their effects on the health
and well-being of both the pet and the owner, signs of fear and anxiety may be among
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Table 1.1 Senior canine and feline behavior questionnaire

SENIOR CANINE BEHAVIOUR SCREENING QUESTIONNAIRE

Date: Owner:
Pet’s Name: Breed:
Weight: Ib/ kg BCS (Out of 9) Male ___ Neutered: Y__ N__

Female ___ Spayed: Y__ N__

INSTRUCTIONS: The purpose of the questionnaire is to identify behavior changes or the onset
of new behavior problems that have arisen since the age of 8 using the following key:
Scoring Key (severity):  0=none (no change) 1=mild 2=moderate 3=severe

BEHAVIOURAL SIGNS Score

A. Disorientation

- gets stuck, difficulty getting around objects, goes to hinge side of door
- stares blankly at walls, floor or into space

- does not recognize familiar people or pets

- gets lost in home or yard

- less reactive to visual (sights) or auditory (sounds) stimuli

B. Social Interactions

- more irritable / fearful / aggressive with visitors, family or other animals
- decreased interest in approaching, greeting or affection / petting

C. Sleep wake cycles

- pacing / restless / sleeps less / waking at night

- vocalization at night

D. Housesoiling Learning and Memory

- Less able to learn new tasks or respond to previously learned commands / name / work

- Indoor soiling of urine __ or stools __ — decreased signaling to go out
- Difficulty getting dog’s attention / increased distraction / decreased focus
E. Activity

- Decrease in exploration or play with toys, family members, other pets

- Increased activity — aimless pacing / wandering

- Repetitive behaviors e.g. circling ____ chewing ___licking __ star gazing

F. Anxiety

- Increased anxiety when separated from owners

- More reactive / fearful to visual (sights) or auditory (sounds) stimuli

- Increased fear of places / locations e.g. new environments / going outdoors
Created by Dr. Gary Landsberg CanCog Technologies with support of Nestle Purina PetCare

the most common owner-presented behavior complaints in senior pets (Landsberg
et al. 2010, 2011, 2013). These signs may include noise sensitivity, fear of people,
fear of other animals, fear of new places or objects, hyperattachment, separation
anxiety, and difficulty adapting to change. In some cases, anxiety may appear to be
“generalized” with signs that exhibit in a variety of situations.

Another recent study further supports that senior dogs are more sensitive to emo-
tional distress. Aged dogs (>7 years old) showed greater separation distress than did
adult dogs (<7 years old) when separated from their primary caregiver. Although
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aged dogs showed a more passive response in a stranger separation test (SST), the
physiological stress response as measured by salivary cortisol levels was higher in
aged dogs (Mongillo et al. 2013b). Thus, fear and anxiety in senior pets may be
associated with more passive (introverted) signs that are more likely to go underre-
ported and undiagnosed if owners are not effectively educated in identifying and
reporting these signs.

Dogs and cats with cognitive decline may also display the onset or progression
of aggressive behavior toward household pets or family members. Pets with CDS
may become the target of aggression by another household pet. In addition to an
increase in anxiety and irritability, decreased awareness, perhaps in combination
with sensory decline, may cause the pet to stumble upon another dog/cat or approach
them when in possession of valued resources and locations. As well, pets with CDS
may have concurrent health issues including sensory decline and pain and may not
respond appropriately to social cues or warning signs. Senior dogs with CDS or
other medical problems may require more attention or altered housing and care to
address their infirmities, further contributing to instability in the dynamic among
household pets.

In cats, the predominant sign in 11-14-year-old cats was altered social inter-
actions, while changes in activity including aimless activity and vocalization
were most common in cats 15 and over (Gunn-Moore et al. 2007, Landsberg
et al. 2010, 2011).

1.2  Prevalence of Behavior Signs in Senior Pets

Prevalence of behavior signs in senior pets falls into two categories. Behavioral
signs with the highest level of owner reporting but lower prevalence are those that
have the greatest impact on the health, behavior, and well-being of the pet and its
owner. Behavioral signs with the highest prevalence but lowest owner reporting are
those that are sufficiently subtle or mild that they go unnoticed or are of minimal
concern to the pet owner.

(a) Distribution of owner-reported behavior problems

In one study of 270 dogs over 7 years of age presented for behavior problems,
32% displayed aggression to family members, 16% aggression to family dogs,
9% barking, 8% separation anxiety, 6% disorientation and aggression toward
unfamiliar people, 5% house soiling, 4% destructive and compulsive disorders,
and 3% noise fears (Mariotti et al. 2009). Of 83 cats referred for behavioral
consultations, most cats presented with marking or soiling (73%), followed by
aggression (16%), vocalization (6%), and restlessness (6%) (Gunn-Moore et al.
2007). While CDS may be an underlying factor causing or contributing to many
of these signs, other neurologic diseases, sensory impairment, endocrine and
metabolic disorders, musculoskeletal disease, and other causes of pain must be
ruled out.
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(b) Prevalence of cognitive dysfunction syndrome
CDS is a highly prevalent yet grossly underreported condition of senior dogs
and cats in which both prevalence and severity increase with age (Azkona et al.
2009; Bain et al. 2001; Gunn-Moore et al. 2007, Fast et al. 2013; Neilson et al.
2001; Madari et al. 2015, Salvin et al. 2010). While there is no cure, early detec-
tion and intervention may slow progression, prevent complications, and increase
quality of life and life span.

Overall prevalence of CDS in dogs over 8 years of age has been reported to
range from 14% to over 60% (Azkona et al. 2009; Neilson et al. 2001; Madari
etal. 2015; Osella et al. 2007; Salvin et al. 2010). In a University of California,
Davis, study of 180 owners of aged dogs, of those dogs 11-12 years of age,
28% were reported to have at least one category of DISHAA affected and 10%
were positive for two or more categories, while in dogs 15-16 years old, 68%
were positive for at least one category and 36% positive for two or more catego-
ries (Neilson et al. 2001). Twenty-two percent of dogs that did not have any
signs developed signs 12—18 months later, while 48% of dogs with impairment
in one category displayed impairment in two or more categories during this
time period (Bain et al. 2001). Salvin and coworkers reported a prevalence of
5% in dogs 10-12 years of age, 23% aged 10-12, and 41% in dogs over 14 with
an overall prevalence of 14.2% (Salvin et al. 2010). Katina et al. reported a
prevalence of 13—-16% for moderate to marked cognitive dysfunction in dogs
aged 8-11 and 87%—-100% in dogs > 13 (Katina et al. 2016). Madari et al.
reported that of 300 dogs over 8 years of age, 159 of 215 dogs displayed signs
of cognitive dysfunction after ruling out 85 dogs because of medical problems.
Of these dogs, 42% with no impairment progressed to mild impairment, and
24% with mild impairment progressed to moderate over 6 months (Madari et al.
2015). After 1 year, 71.4% converted from none to mild impairment and 50%
from moderate to severe (Madari et al. 2015). In yet another study in dogs over
8 years of age, over the course of approximately 3 years, 58% of those with no
signs progressed to borderline CDS, and 11% of dogs moved from borderline to
CDS (Fast et al. 2013). In a study of cats 11 years and older, 35% were diag-
nosed with CDS; this included 28% of 95 cats aged 11-15 years and 50% of 46
cats over 15 years of age (Gunn-Moore et al. 2007).

1.3  Pet Owner Reporting

As discussed, while many senior pets have signs of CDS, reporting is exceptionally
low. In one study, 48% of pet owners reported at least one CDS sign in their senior
dog 7 years of age or older, and only 17% of these owners informed their veterinar-
ians (Proprietary market research 1999, Pfizer Animal Health). Another study found
an estimated prevalence of 14.2% (68/479) in dogs greater than 8 years of age, but
only 1.9% (9/479) of all dogs and 13% (9/68) of affected dogs had been diagnosed
by a veterinarian previously. Madari et al. (2015) showed that pet owners did not
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usually report signs in dogs with mild cognitive impairment, until they were asked.
Underreporting may be a result of owners who are unaware of the subtle signs or
view them as untreatable, insignificant, or typical aspects of aging. Owners may not
notify their veterinarians until signs advance to a point where they negatively impact
the owner and it is evident that the pet is suffering. Therefore, to insure the earliest
possible reporting of signs, veterinarians must be proactive in educating owners that
any change in behavior or the emergence of new behavioral signs may be the earli-
est signs of medical conditions including pain, organ decline and dysfunction, endo-
crine disorders, and neurological conditions including CDS and that early diagnosis
and treatment provide the greatest opportunity to improve signs, slow decline, and
address pet welfare. In addition, to facilitate the earliest possible detection of CDS,
veterinarians should consider the use of a broad-based screening questionnaire that
includes all possible signs (Table 1.1) that can be provided to the client in advance
of the visit or at the time of the visit.

1.4  Diagnosis

CDS, medical conditions and primary behavior problems must first be excluded
(see Chap. 2). Neurological disease, sensory decline, musculoskeletal disease, and
endocrine and metabolic disorders are the primary medical differentials (Gunn-
Moore et al. 2007; Landsberg et al. 2010, 2011, 2012, 2013; Salvin et al. 2011a).
While for most medical problems, concurrent medical signs or abnormal findings
on physical and neurological examination and diagnostic tests are likely to be found,
in some cases behavioral signs may be the first or only indication of an underlying
health concern.

Since medical issues are common in the aged population and often coexist with
CDS, this can be confounding. Medical issues, once diagnosed, may explain some
behaviors, but concurrent CDS or other primary behavior problems may also con-
tribute to a common sign. This necessitates continued investigation of primary
behavior conditions other than those related to degenerative brain changes such as
those that result from changes to the pet’s environment and household composition.
As dogs with CDS are more sensitive and less able to adapt to change, this may
exacerbate or contribute to these issues.

Senior pets should be examined twice a year, for optimal screening of both medi-
cal and behavioral health. As discussed above, in dogs over 8 years of age, new
behavioral signs may arise, and existing signs are likely to progress over the course
of 6-12 months (Bain et al. 2001; Gonzalez-Martinez et al. 2014; Fast et al. 2013;
Madari et al. 2015; Salvin et al. 2011b;). In a study of dogs over 8 years of age,
changes in frequency and severity of behavioral signs were seen over the course of 6
months in over half of the behavioral signs, with the oldest dogs >12 years generally
showing the greatest deterioration and highest change in frequency. More than two-
thirds of responses showed significant age-related deterioration over 6 months with
the greatest effects on play, activity, response to commands, and fears and phobias.
As this was an Internet-based survey, further medical workup was required to
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determine if underlying medical pathology or cognitive dysfunction was responsible
for the increased severity and frequency of the behavioral signs (Salvin et al. 2010).

Once signs of CDS are identified, the diagnostic workup should include a thor-
ough medical history including the use of cognitive screening questionnaire, com-
plete physical and neurologic exam, and laboratory/diagnostic tests. Video footage
of the behaviors can help to describe, characterize, and determine frequency and
time of occurrence. This is particularly important for the diagnosis and treatment of
separation anxiety, attention-seeking behavior, compulsive disorders, and behaviors
that occur with no obvious environmental trigger.

A complete blood count, serum biochemistry profile, thyroid level, and urinaly-
sis should be obtained as a minimum database. Further diagnostic tests including
endocrine testing, radiographs, ultrasound, and advanced imaging may need to be
considered depending upon presenting signs and physical examination findings.
While an MRI may demonstrate a decrease in total brain volume and hippocampal
volume, frontal lobe atrophy, temporal lobe atrophy, ventricular enlargement, an
increase in lesions in the frontal cortex and caudate nucleus, a decline in regional
cerebral blood volume, and a decrease in diameter of interthalamic adhesions that
might be consistent with a diagnosis of CDS, it is primarily indicated for ruling out
other intracranial pathology that may mimic CDS (Hasegawa et al. 2005; Su et al.
2005; Tapp et al. 2004, 2006).

In order to determine if there is a primary behavior issue, the clinician should ask
questions about the onset of the problem, frequency, time of the day, duration, and
any other changes in health or behavior as well as assess a video recording of the
problem. Information about the characteristics of vocalizations may help to deter-
mine motivation.

For animals who demonstrate night waking, attempts should be made to identify
triggers or a triggering event, whether there has been an increase in reactivity in the
pet’s response to visual and audible stimuli and whether the pet has a chronic or
more acute history of nocturnal signs. Evaluation of the pet’s daily schedule includ-
ing level of exercise and enrichment may determine if daytime activity is decreased
or altered or if the pet is sleeping more during the day. A prior association with a
fear-evoking event such as fireworks or thunder could cause the pet to display signs
of anxiety at night in association with these events despite the absence of an obvious
trigger. There may also be different diagnostic considerations for pets that have dif-
ficulty falling asleep, restless sleep, or waking early. Human responses will further
influence the behavior (e.g., pet is rewarded with food, attention, toys, or outdoor
access).

To differentiate between medical, behavioral, and environmental causes for
house soiling, the history should include information about preferred locations, sub-
strate, frequency, pattern (e.g., indiscriminate or specific location), litter box clean-
ing, and possible stressors within the home. Household changes or events that
possibly correlate with the onset of increasing fear or anxiety should be identified.
In addition to neurological disease and CDS, health issues that impact pain, irrita-
bility, altered mobility, and sensory decline (e.g., vision, hearing) might alter behav-
ior or social signaling leading to displays of fear and anxiety.
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1.5  Senior Cognition and Decline in Learning and Memory

While learning and memory deficits are likely to be among the earliest indicators of
the pathology of brain aging and associated cognitive decline, the use of screening
questionnaires is unlikely to be sufficiently sensitive for early identification by the
average pet owner (Landsberg et al. 2011, 2013; Salvin et al. 2011b). In fact, other
than those few behaviors that have been trained on cue, learning their name and
housetraining, there are few trained behaviors on which most pets can be effectively
assessed, and a moderate to marked decline might be expected before these behav-
iors might be affected. While a decline in learning and performance might be recog-
nized at an earlier stage in dogs that have been trained for more complex tasks such
as in working dogs, service dogs, or those trained for agility, the increased level of
enrichment that their work provides may improve cognitive function and slow the
onset of cognitive decline.

1.6  Neuropsychological and Behavioral Assessment

While pet owners may not begin to report behavior changes associated with cogni-
tive decline until 11 years or older, deficits in learning and memory tasks in dogs
and cats and functional changes in the neurons of the caudate nucleus in cats leading
to impaired information processing have been demonstrated as early as 6 years of
age (Araujo et al. 2005; Cotman and Head 2008; Levine et al. 1987a; Levine et al.
1987a, b; Pan et al. 2013; Salvin et al. 2010; Studzinski et al. 2006). These deficits
have been shown to correlate with alterations in activity, social interactions and
exploration, disorientation, house soiling and other learned behaviors, and sleep
disturbances (Colle et al. 2000; Milgram et al. 1994; Rofina et al. 2006; Rosado
et al. 2012; Siwak et al. 2001, 2003; Tapp et al. 2003). In addition, these neuropsy-
chological models provide a standardized and validated means of assessing the effi-
cacy of therapeutic drugs, diets, and supplements to slow decline or improve
performance on these tasks (Araujo et al. 2012; Araujo et al. 2011; Cotman and
Head 2008; Head et al. 2009; Milgram et al. 1994; Pan et al. 2010, 2013; Studzinski
et al. 2006; Tapp et al. 2003, 2004).

Using a standardized test apparatus, several cognitive domains can be indepen-
dently evaluated for age-related cognitive deficits (Adams et al. 2000a; Head et al.
1995; Milgram et al. 1994; Studzinksi et al. 2006; Zanghi et al. 2015). These tests
involve training dogs and cats to use visual and/or spatial information to solve dif-
ferent problems. In simple discrimination learning, the animal is presented with two
different objects, one of which covers a food reward. The rate of learning of simple
discrimination tasks does not differ from younger dogs and cats (Adams et al.
2000a; b; Landsberg et al. 2009; Tapp et al. 2003, 2004). In the reversal task, reward
contingencies are reversed such that food is now hidden under the object that was
not previously rewarded (Tapp et al. 2003, 2004). In contrast to simple learning
tasks, older dogs and cats require significantly more trials to learn to alter their
response in this task compared to young dogs and are not readily able to modify
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learned behaviors, indicating dysfunction of the prefrontal cortex (Milgram et al.
1994; Landsberg et al. 2009; Tapp et al. 2003, 2004; Zanghi et al. 2015). Other
behaviors that might be associated with prefrontal cortex dysfunction might include
changes in personality including fearfulness and aggression, stereotypic pacing or
circling, and a loss of previously learned behaviors, e.g., house soiling.

The aging process has also been demonstrated to affect spatial memory, which is
measured by the ability of dogs to remember where they had last obtained a food
reward. In fact, the level at which performance declines on memory tasks (e.g.,
DNMP) might be categorized to correspond to the stages of Alzheimer’s disease
(Adams et al. 2000a, b; Araujo et al. 2012; Head et al. 1995; Landsberg et al. 2009;
McCune et al. 2008; Milgram et al. 1994; Pan et al. 2013; Studzinski et al. 2006;
Zanghi et al. 2015). Clinically, this may present as wandering, getting lost, disorien-
tation as well as disrupted sleep-wake cycles, and a decline in recognition of famil-
iar people and animals.

Memory and spatial learning were also assessed in cats using a hole board
task. Old cats (8-15) did not show differences in spatial learning compared to
younger cats (<3 years old); however, memory errors were more abundant
(McCune et al. 2008).

Adapting and validating these tasks for clinical use in pet dogs and cats are chal-
lenging as these tests are lengthy and complex and require trained personnel to
administer (Gonzalez-Martinez et al. 2013; Heckler et al. 2014; Mongillo et al.
2013a; Nagasawa et al. 2012). However, one task, a food search test, may provide a
methodology for pet owners to assess and track their pets in the home environment
as it has been demonstrated to decline with age (>9 years) and with increasing cog-
nitive dysfunction (but does not separate successful agers from those with cognitive
dysfunction) (Gonzalez-Martinez et al. 2013).

Age-related behavioral differences have also been demonstrated in reactivity
tests (Siwak et al. 2001, 2003; Rosado et al. 2012). The curiosity test assesses the
dog’s reaction and attention to objects (toys) in an open field arena. In this test,
young dogs show significantly more exploration and contact with novel objects than
old dogs, while cognitively impaired aged dogs showed the least object contact
(Siwak et al. 2001). Cognitively, impaired dogs also demonstrated higher levels of
locomotion than their age-matched unimpaired peers, which may be linked to ste-
reotypy or wandering behavior (Siwak et al. 2001; Rosado et al. 2012). Assessment
of exploratory behavior might offer a more practical measure of cognitive dysfunc-
tion in aged pets.

1.7  Summary

Clinical signs of CDS in dogs and cats as defined by DISHAA have a significant
impact on the lives of pets and their owners. Laboratory tests are available to assess
multiple domains that correlate to decreased capacity of learning and memory, spa-
tial abilities, attention, psychomotor ability, and executive function. Many of these
tests may not be practical for clinical use. However, client education and increased
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awareness to improve reporting rates as well as careful screening by veterinarians
will aid in the early identification of CDS-like signs that may warrant further diag-
nostics to rule out physical causes that mimic CDS. Although there is no cure, early
identification and intervention are critical to reducing the rate of cognitive decline
and can mitigate the risk of premature end of life decisions while improving the
quality and longevity of the pet’s life.
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