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Cognition involves a series of mental activities such as seeing, attention, memory, reasoning, and problem
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solving and is integral to the well being of patient care and assessment. There are a variety of mental health
conditions, including schizophrenia, bipolar disorder and affective disorders that can diminish a patient’s ultimate goal of functional-
ity. Functionality, which is integrally linked to cognition, covers the individual’s ability to engage in daily activities. Inability to have
“clarity of thought” inherentlyturns the patient to forms of self-medication in order to advance cognition (eg: smoking) and miss
medications. As medication use is the cornerstone of psychiatric interventions, selection of agents utilizing receptor affinities, patient
history/response, co-morbidities and unique dosing formulations (eg: long-acting injectable) that enhance cognition should be op-
timized. This paper is designed to provide a primer for clinicians to optimize adherence, medication selection and identify/monitor
cognitive changes in their patient population from a question-based, narrative approach.

1. What Is Cognition And Why Is It Important?

Cognition involves a series of mental activities such as seeing,
attention, memory, reasoning, and problem-solving.’? Cogni-
tion also determines one’s ability to process information, as
well as the speed at which one can process information.? More
specifically, cognitive processes in the brain involve receiving
and transmitting information and then processing the infor-
mation to perform specific tasks and operations.? When com-
bined, all of these cognitive functions play an important role in
our ability to carry out activities of daily living, work, manage
finances, and interact socially with others; as such, they impact
our overall personality and functionality.? Therefore, any level
of cognitive impairment may significantly impact one’s ability to
function within society and carry out the activities necessary to
live independently.!

In addition to overall functioning, cognition is also critical for
assisting patients with medication adherence.! Non-adherence
to one’s medication regimen may result in deterioration of the
original mental health condition or the increased risk of relapse
in those patients who have successfully achieved remission.!
Moreover, healthy cognition can help individuals to identify
new-onset medical problems and have them addressed early,
before they worsen other comorbidities or cause permanent
damage.! Finally, as alluded to above, cognition is critical to
enabling an individual to work, function in society, and live in-
dependently.! Therefore, the development of cognitive impair-
ment may lead to increased financial burden for the patient and
caregivers, due to the loss of ability to live independently, as well
as the loss of productivity for the patient and his/her caregiv-
ers.!

2. What Disease States and Medications Negatively Impact
Cognition?

Table 1. Disease states that negatively impact patient cogni-
tion

Disease States that Negatively Impact Cognition*

Alzheimer’s Disease

Dementia

Delirium

Insomnia

Psychosis

Schizophrenia

Bipolar Disorder

Major Depressive Disorder

Post-traumatic Stress Disorder

Multiple Sclerosis

Stroke

Traumatic brain injury

Hygertension (taxing the physiological integrity of the brain
and affecting cognitive reserve)

Heart Disease (taxing the physiological integrity of the brain
and affecting cognitive reserve)

Diabetes (taxing the physiological integrity of the brain and
affecting cognitive reserve

HIV (taxing the physiological integrity of the brain and
affecting cognitive reserve)

Chronic fatigue syndrome

Lupus

Cancer

Advanced aging

Table 2. Medications that negatively impact patient cogni-
tion

Medications that Negatively
Impact Cognition >* Reason

Anticholinergics (excluding tricyclic antidepressants)

First generation antihistamines
(e.lg., iphenhydramine,
chlorpheniramine, hydroxyzine,
promethazine)

Great risk of confusion
Clearance reduced with

Antiparkinsonian agents (e.g.,
advanced age

benztropine)

Antispasmodics (ef. scopolamine,
belladonna alkaloids)

Central Nervous System Acting Drugs

Highly anticholinergic
- therefore, great risk of
confusion, and clearance
reduced with advanced
age
- Sedating

Impaired psychomotor
function

Tricyclic antidepressants (e.g.
amitriptyline, imipramine,
clomipramine)

Impaired psychomotor

. n function
Selective serotonin reuptake : :
inhibitors (e.g., sertraline, 1}\)40;;1}2% esedatmg

gggﬁ:fgglrg’g)uoxetme’ citalopram, anticholinergic effects -

therefore, great risk of
confusion
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Antipsychotics (typical and
atypical agents)

Sedating

CNS effects

Increased risk of
cerebral vascular accident
(stroke) in patients with
pre-existing dementia
- Impaired psychomotor
function
- Anticholinergic -
therefore, great risk of
confusion, and clearance
reduced with advanced
age

Anticonvulsants (e.g., phenytoin,
carbamazepaine)

Impaired psychomotor
function

Antimuscarinics (e.g., oxybutynin,
tolterodine, folifenacin)

Anticholinergic -
therefore, great risk of
confusion, and clearance
reduced with advanced
age

Barbiturates (e.g. phenobarbital,
secobarbital)

Sedating

Benzodiazepines (e.g, lorazepam, |-
diazepam, clonazepam, oxazepam, |-

Increase risk of
cognitive impairment,
delirium
Sedating
Impaired psychomotor

Impact Cognition®*

temazepam) function
Clearance of long-
acting agents reduced with
advanced age
Chloral hydrate Sedating
Other Medications that Negatively R

Non-benzodiazepine hypnotics
(e.g., zolpidem, eszopiclone)

Increase risk of
cognitive impairment,
delirium
- Sedating

Impaired psychomotor
function

Oral decongestants (e.g.

pseudoephedrine, p en;}lephrine) ‘

Confusion
Hallucinations
Impaired psychomotor
function

oxycodone)

Insomnia
Analgesics
Opioid analgesics (e.é.,
pentazocine, meperidine, Confusion,
morphine, hydromorphone, hallucinations

Skeletal muscle relaxants (e.g.,
cyclobenzaprine, methocarbamol)

Highly anticholinergic
- therefore, great risk of
confusion, and clearance
reduced with advanced
age
- Sedating

Gastrointestinal Drugs

H_-receptor antagonists (e.g.,
raznitidine, famotlgdine)

Induce or aggravate
delirium in older adults

Hormonal Drugs

Corticosteroids (e.g., prednisone)

- Induce or aggravate
delirium in older adults
- Can induce psychosis

Other Drugs
Severe memory loss
Chemotherapy Confusion
Disorientation

Polypharmacy (5 or more
medications)

- Due to reduced liver
and kidney function, the
body has problems fully
processing medication a
Impairs brain health and
cognitive reserve

3. How do we Measure Cognition?

Assessing and evaluating a patient’s cognitive function is im-
portant, as it informs patients and their families about potential
functional limitations.’Executive functioning is an over-reach-
ing term that denotes a patient’s ability to complete tasks that
have relevance in the domains and sub-domains of cognition.
The executive functions include: problem solving, planning
through to completion of a task, organizational skills, attention
for selected activities and short term memory.® Moreover, ab-
normal results of various cognitive tests may prompt physicians
to more aggressively assess their patient so that early treatment
may be started to prevent continued cognitive deterioration.?

High level executive testing may be employed to assess cogni-
tion and integrate together the many subsets of logistics, rea-
soning, activity and cognition that go into the completion of
everyday processes.

Delis-Kaplan Executive Function System’:

This complete neuropsychiatric test is designed to assess nine
different subdomains that together make up executive function-
ing. The Trail Making Test measures the patient’s flexibility of
thinking on a visual-motor sequencing task. A Verbal Fluency
Test measures letter fluency. The Design Fluency Test measures
one’s initiation of problem-solving behavior while understand-
ing the rules and risks inherent with the assigned activity. Other
tests include a Color-Word Interference, Sorting, Twenty Ques-
tions, Word Context, Tower Test and Proverb Test.

Together, these 9 domains address all the patients cognitive
ability to do higher level executive processes and test verbal,
non-verbal, Judgement, recall, feedback ability, integration of
information, deductive reasoning and flexibility of thinking.

Verbal Fluency Test®:

The most commonly used type of verbal fluency test is the cat-
egory (or semantic) fluency test. This test allows the patient
60 seconds to name as many items as possible within a specific
category (e.g. animals). A score of greater than 15 is considered
normal, while a score of less than 15 suggests dementia. Over-
all, the verbal fluency test helps clinicians to identify patients
with mild cognitive impairment, as abnormal results may be de-
tected by this test prior to any other cognitive test. However, the
test has educational bias and, unfortunately, provides clinicians
with no insights into the patient’s specific deficits.

The Clock Drawing Test®:

This cognitive test is a quick way by which a clinician can assess
and evaluate a patient’s ability to organize and plan. During this
test, the patient is given a blank sheet of paper and told to draw
the face of a clock with all its numbers, and then set the time to
10 minutes past 11. While this test has been well studied and
validated, there is unfortunately no consensus on how to score
it. To make the evaluation as simple for the clinician as possible,
the test can be scored as ‘normal’, in which the clock is correctly
drawn with the accurate time, or ‘abnormal’, in which at least
one problem with the clock has been identified.

The Mini-Cognitive (Mini-Cog) Assessment Instrument®:
The Mini-Cog lacks the educational bias of the verbal fluency
test. This test combines a clock-drawing test with a three-item
recall test. Specifically, the patient is asked to repeat three un-
related words, complete the clock drawing test, and then recall
the three initial words. The test should take approximately two
to four minutes to complete.

Scoring on the test ranges from 0 to 5, with one point assigned
for each correctly recalled word (on delayed recall) and two
points if the clock is drawn correctly. A score between 0 and
2 suggests dementia and a score of 3 to 5 indicates a low prob-
ability of dementia.

Mini-Mental State Examination (MMSE)®:

This 30-question test assesses the patient’s orientation, atten-
tion, concentration, memory, language, and construction abili-
ties. As this test examines multiple domains, it is useful for de-
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termining specific deficits that the patient is experiencing. As
such, the MMSE is considered the cornerstone of a complete
cognitive assessment and is the most widely used cognitive test.
The entire test usually takes about 12 minutes, though persons
with cognitive deficits may require appreciably longer. Similar
to the verbal fluency test, an educational bias exists. The total
result is out of 30, and the interpretation of the test (most com-
monly used in dementia and Alzheimers) is as follows®:

Greater than or equal to 25 points: Normal cognition.
19-24 points: Mild cognitive impairment

10-18 points: Moderate cognitive impairment

<9 points: Severe cognitive impairment

The Montreal Cognitive Assessment (MoCA):

The MoCA test is designed to detect mild cognitive impairment
and Alzheimer’s disease.>'® The MoCA also overcomes many of
the documented limitations of the MMSE.>1? In patients with a
history of transient ischemic attack or stroke, the MoCA is pre-
ferred over the MMSE because the MoCA test has a stronger
evaluation of executive dysfunction.’ In addition, the MoCA pro-
vides a much more comprehensive assessment of various cogni-
tive domains, such as short-term memory (delayed recall test),
language (verbal fluency test; item naming task), visuospatial
abilities (clock drawing test), attention, concentration, work-
ing memory, and temporal and spatial orientation.! Like the
MMSE, the one page, 30-point MoCA test can often be completed
in approximately 12 minutes.>*?

Confusion Assessment Method?®:

The Confusion Assessment Method (CAM) consists of an instru-
ment and diagnostic algorithm that was developed in 1990 to
enhance the ability of non-psychiatric clinicians to diagnose de-
lirium quickly and accurately after a short, yet formal, cognitive
test. In order to accomplish this, the CAM instrument assesses
the presence, severity, and fluctuation of specific delirium fea-
tures:

Acute onset

Inattention

Disorganized thinking

Altered level of consciousness
Psychomotor agitation or retardation
Altered sleep-wake cycle

The diagnostic algorithm consists of four fundamental fea-
tures of delirium:

1. Acute onset and fluctuating course

2. Inattention

3. Disorganized thinking

4. Altered level of consciousness

To diagnose delirium using this tool, the patient must demon-
strate features 1, 2 and either 3 or 4. The CAM tool has a sensi-
tivity of 94% to 100% and specificity of 90% to 95%.!!

4. Which Receptors Are Implicated in Cognition?
The receptors that are implicated for impacting cognition
are as follows:

GABA*?

5-HT, "

5-HT,*

5-HT, 2

5-HT., 2

1A,

5-HT '

H, receptors*?

H, receptors'?

Acetylcholine nicotinic receptors'®

Acetylcholine muscarinic receptors (muscarinic M, )"

D 12
3
NMDA receptors 2

Metabotropic glutamate receptors (mGluRs)"?
0 mGluR2"?

0 mGluR31?

Glycine site on the NMDA receptor!?
Adrenergic receptors!?

0 a, receptors'?

0 a, receptors’?

To date, studies of psychiatric disorders have traditionally fo-
cused on measurable psychiatric or emotional symptoms like
depression, anxiety, mania, and positive symptoms like psycho-
sis. However, cognitive deficits may severely compromise qual-
ity of life and impair patient functionality. %'

5. What Are the Costs of Non-Adherence?

Non-adherence to medications has significant costs associated
with it, both financial and pertaining to patient outcomes. In pa-
tients with schizophrenia, lack of adherence to medication has
been estimated to cause at least 50% of relapses.’®*° In terms
of increasing the risk of relapse, it has been found that approxi-
mately 75% of schizophrenia patients who are non-adherent
over a five-year period will relapse, versus only 35% of patients
who are adherent.” Each individual relapse episode has been
estimated to cost between $10,000 and $26,000.19 The majori-
ty of these costs stem from hospitalizations, since hospital stays
for treatment of a relapse are approximately 2.5 times longer in
anon-adherent than adherent schizophrenia patient (averaging
38.1 vs. 14.3 days).'®However, it is important to remember that,
in addition to whatever financial costs there are, it becomes in-
creasingly harder for a patient to achieve remission with each
subsequent relapse.!®

In addition to concerns about relapse, additional patient costs
include a four-fold increased risk of suicide and an approxi-
mately 40% increase in alcohol and substance use in patients
with schizophrenia who are non-adherent to their treatment
regimen.'®?* Moreover, non-adherent patients with schizophre-
nia are thought to be twice as likely to be violent, arrested, or
victimized than those who are adherent.** An additional finan-
cial cost of non-adherence to the health care system is the ob-
served approximately 50% increase in emergency psychiatric
service usage.?’

While the above examples show how non-adherence results in
significant financial and human costs for patients with schizo-
phrenia, it is important to recognize that similar costs apply to
any patient population in whom non-adherence to a medica-
tion regimen exists. For example, in healthy elderly patients,
increased costs in medication-non-adherent individuals have
been identified related to increased hospitalizations and medi-
cation side effects related to drug misusage.?’For example, in
one study of 2169 elderly patients living in the community,
12.6% of all emergency room visits were drug-related, account-
ing for $1.5 million in direct health care costs over a 12-week
period.22

Therefore, it is important to recognize that non-adherence to
one’s medication regimen can have significant implications for
patient outcomes, and can add further to already significant
financial burdens for both the patient and healthcare system.

6. How Does Cognition Impact Adherence?

The definition of patient compliance is “the extent to which a
person’s behavior coincides with the medical advice he/she has
received”.?* Poor compliance is often defined as adhering to less
than 70% of the medications prescribed over the last week.?
Several observational studies have demonstrated that baseline
cognitive abilities significantly impact medication adherence.?®
This is because adherence requires complex cognitive skills,
like accessing medications, understanding prescribed direc-
tions, scheduling and adjusting medications according to daily
activities, having continuous access to medications via refills,
and being able to determine what to do when a dose is missed.?
In addition to requiring complex cognitive skills, there also is
evidence that memory deficits can result in decreased ability to
appropriately manage one’s medications.*

434 IJSR - INTERNATIONAL JOURNAL OF SCIENTIFIC RESEARCH




Research Paper Volume :3 | Issue: 5| May 2014 « ISSN No 2277 - 8179

Given that psychiatric conditions develop due to changes in brain
neurotransmitters and/or brain matter, cognitive function is of-
ten affected. For example, in patients with schizophrenia, com-
mon symptoms include delusions, hallucinations, disorganized
speech, deficits in speech and language, impaired recognition
memory, and frank cognitive impairment.?’ As a result of these
symptoms, it can be challenging for schizophrenic patients to
manage their complex medication regimens.?” Therefore, adher-
ence to medications is greatly influenced by the schizophrenia
itself and the cognitive impairment that results from the dis-
ease.? Given this, it may be difficult for patients to take their
daily medication (e.g., oral atypical antipsychotics); as such, cog-
nitive function may not improve with medication.?” More specifi-
cally, patients with schizophrenia may forget to take their medi-
cation, stop their medication without being instructed to do so,
or take their medication in a different way than it was initially
prescribed.? In order to overcome this, it may be helpful for pa-
tients to take long-acting antipsychotics to eliminate their need to
remember medication and administration instructions on a daily
basis.?

Lack of insight/cognitive impairments in a patient with schizo-
phrenia also greatly impacts compliance and is thought to be one
of the major factors influencing non-adherence in this patient
population.?’ This lack of insight often leads patients to think that
their condition does not warrant treatment or, alternatively, that
if symptoms improve, they no longer need to take their medica-
tion.?? Such beliefs may destabilize the patient and lead to nega-
tive outcomes.?

In addition to lack of insight, patients who feel persecuted may
also be reluctant to take their medication, as will those who er-
roneously fear that the medication will poison them.?

Finally, patients with schizophrenia or schizoaffective disorder
and cognitive impairment (e.g., attention, functionality and mem-
ory deficits) may also have poor medication adherence because
they forget the timings or doses of their medications.*® In fact, in
one prospective study, being a first-episode schizophrenia pa-
tient with poorer pre-morbid cognitive function was a predictor
of antipsychotic non-compliance.*

7. What Cognition Enhancers Are Currently Available?

To date, no cognition enhancers currently are indicated for the
cognitive deterioration often seen in patients with schizophrenia
or other psychoses like bipolar disorder. However, a handful of
drugs target various forms of dementia.

One of the most common forms of dementia is Alzheimer’s Dis-
ease (AD).3' AD impacts patients and families greatly due to the
irreversible and progressive decline in memory and reasoning
that is virtually inevitable.?! In the early stages, patients often pre-
sent with minor difficulties recalling new information.’2%* As the
disease progresses, patients experience a gradual deterioration
of memory and spatial orientation.?*3® Changes in personality,
mood, and behavior also develop, as well as a decreased ability to
function on a daily basis.*>** In general, a decade after the initial
diagnosis, Alzheimer’s patients often have lost many of their ba-
sic functions (e.g., motor control) and require constant care and
assistance in an institution.3*3* Tragically, AD and other forms of
dementia represent the sixth highest cause of death in the United
States and cost the United States economy approximately $183
billion dollars per year.3!

Unfortunately, no medication is currently available that will stop
or reverse Alzheimer’s disease progression that has already oc-
curred. In Canada, four medications have been approved for the
treatment of AD in attempts to reduce symptoms: an NMDA re-
ceptor antagonist (memantine) and three cholinesterase inhibi-
tors (ChEIs) (donepezil, galantamine, and rivastigmine). In the
United States, another ChE], tacrine, has been approved. Tacrine,
however, is rarely used and not approved in Canada due to its
questionable efficacy and the significant risk of hepatotoxicity as-
sociated with its use.

The approved medications primarily improve symptoms, though

they also have been demonstrated to have a modest positive im-
pact upon global function, cognition, and activities of daily liv-
ing.3! More specifically, while donepezil is indicated for treating
all stages of AD, rivastigmine and galantamine are indicated to
treat mild to moderate AD and memantine for moderate to severe
AD.3! Overall, the evidence in the literature to date does not dem-
onstrate that one medication is more effective than any other.3!

None of the currently-available medications specifically target
the proposed pathophysiology of AD, like the amyloid and tau
hypotheses by which protein aggregates form in the brains of
patients with AD.3*More specifically, the amyloid and tau hypoth-
eses are thought to explain the development of regional neurode-
generation, subsequent cognitive decline, and neuropsychiatric
disturbances.?* These proposed disease pathways are still being
investigated, as well as a number of drugs with mechanisms con-
nected to two pathways (e.g, targeting amyloid-b proteins and
tau pathology).3! Other drugs currently under development and
investigation target pathways involved in neuroinflammation,
mitochondrial dysfunction, and neuroprotection.?

8. What Is The Atypical Antipsychotics Role In Potentially Im-
proving Cognition For Mental Health Patients?

If we consider this answer from the perspective of receptor af-
finities, the receptor “fingerprint” of each molecule may provide
some degree of insight into the efficacy of the medication on cog-
nition. While this is not an exact science, and the correlation be-
tween efficacy and receptor affinity is not exactly 1.0, this concept
still provides the clinician a starting template to assess medica-
tion use. 353

Adverse effects do monitor closer in correlation to the recep-
tor affinities, but as we start to look to enhancing cognition, the
balance of affinity and efficacy, plus clinical experience starts to
balance out. Table 3lists some of the more common receptors
implicated with antipsychotics and cognition as well as the affin-
ity constants for the atypical antipsychotics in Canada at the time
of writing. While the affinity constant is part of the equation and
arguably the most important component of the mediation of the
efficacy, one clinically cannot discount the dissociation constant
as well. The Kd, or dissociation constant will advise the clinician
of how long the medication stays in contact with the relevant re-
ceptor. 336

The clinical impact of the most common receptors in mental
health is as follows®”:

Dopamine D2: Antipsychotic activity- Improve cognition through
symptom control

Dopamine D3: Aid in decreasing addictive reward /improve cogni-
tion

Serotonin 5HT2a: Antipsychotic/mood/attenuate extrapyramidal
symptoms (EPS)

Serotonin 5HT2c: Mediating attention, motivation, cognition, and
reward processes

Serotonin 5HT7: Improve mood/cognition

Alphal: Orthostatic hypotension/sedation/impair cognition
Alpha2c: Improve mood/cognition

Histamine H1: Impair cognition/sedation/weight gain
Acetylcholine Muscarinic M1: Impair Cognition

Table 3.Common Cognition Receptors and Atypical Antipsy-
chotic Affinities (K235

(=]
< — o
Drug/ N § ~ fsc 3]
= = = < |5
Receptor ~ o | = = S| 5|5 |«
a a ) ) N < | < | = [ =
Clozapine + + +++  |++ ++ +++ [++ [+ |+
&alnzapme/ ++ ++ [+ [+ |+ ++ |+ [ [+
Eglllperldone/ B o P = o £ T == S Eo ) iy Py
Quetiapine |+ + + + + 4+ |+ |44+ |+
Elﬁspendone/ ES S S A A A P ER A EE A P
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Ziprasidone [+++ ++4+ [+ | HEEE [FEE [HHE |+ + -

Lurasidone [+++ |? +++ |0 e+t |+ (0 (-/0 |-

Asenapine | [ | [ [ [ -

‘églf)lpramle/ +++PA | +++ [+++ [++ [FH+ |+ [+ [+ |-

Symbols refer to binding affinity (Ki):

Over 1000nM: Minimal or no receptor affinity: -/0
100-1000nM: +

10-100 nM: ++

1-10nM: +++

<1nM: High receptor affinity: ++++

Legend: * Also acts as an H2 antagonist

PA: Partial Agonist

0: No listed affinity

?: Unknown

LAI: Long Acting Injectable Formulation (USA and/or Canada)

9. Conclusion

Impaired cognition results from mental health disorders, result-
ing in reduced adherence and ultimately leads to relapse and
entrenchment of therapeutic failure and neurobiological chang-
es and proposed treatment resistance.

As medication use is the cornerstone of psychiatric interven-
tions, selection of agents utilizing receptor affinities, patient
history/response, co-morbidities and unique dosing formula-
tions (eg: long-acting injectable) that enhance cognition should
be optimized. Patient and clinician preference is often weighted

However the results of using this dosing formulation, combined
with positive cognition enhancement, is yet to be studied. Atypi-
cal antipsychotics are indicated in not only schizophrenia, but
also the breadth of the affective spectrum, depending on the
psychotropic employed. Use of receptor affinities and cognitive
testing may allow clinicians to optimize patient outcomes us-
ing appropriate medication selection at the initiation of therapy.

Consideration of the medication fingerprint and delivery sys-
tems in a patient centric approach, optimizing motivational
interview and patient-centered goals may reduce relapse, re-
mission and non-reversible neurobiological changes in patients
with severe mental illness.***
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