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Objective: The primary objective of this ar-
ticleisto review the literature regarding clinical
effects, pharmacokinetics, and pharmacodynam-
ics of antipsychoticsin older people and to
examine potential mechanisms underlying
the age-related antipsychotic sensitivity.

Data Sources: Datafor this review were
identified by searches of PubMed (1950-2007)
and references from relevant articles and books.
Search terms included antipsychotic, neuroleptic,
elderly, aging, pharmacokinetics, pharmacody-
namics, and dopamine, and only articles written
in English or Japanese were consulted.

Data Selection: Studies, reviews, and books
pertaining to the clinical effects, pharmacokinet-
ics, and pharmacodynamics with regard to the use
of antipsychoticsin older patients were selected.

Data Synthesis: The prevailing practices and
clinical guidelines suggest that elderly patients
can obtain therapeutic benefits at alower dose
and experience adverse effects from antipsy-
chotics more often than younger patients, al-
though there are still few trials that have directly
compared elderly patients with the young. The
literature suggests an age-related increase in brain
access of drugs and demonstrates a decrease with
agein the principal components in the dopami-
nergic system, including endogenous dopamine
level and dopamine receptor density.

Conclusions: While clinicians conclusively
hold that patients become more sensitive to anti-
psychoatics as they become older, this proposition
has only modest empirical support and warrants
further investigation. Age-related functional de-
clinein the dopaminergic system predicts lower
antipsychotic doses for older patients. We propose
ahierarchical series of testable hypotheses to ad-
dress the relative contribution of age-related phar-
macokinetic and pharmacodynamic changes to
antipsychotic drug sensitivity.

J Clin Psychiatry 2009;70(3):397-405
© Copyright 2009 Physicians Postgraduate Press, Inc.

397

PSYCHIATRIST.COM

Received Feb. 29, 2008; accepted May 1, 2008. Fromthe Centre
for Addiction and Mental Health, Positron Emission Tomography
Centre (Drs. Uchida, Mamo, and Kapur), Department of Psychiatry
(Drs. Uchida, Mamo, Mulsant, Pollock, and Kapur), and Centre for
Addiction and Mental Health, Geriatric Mental Health Program
(Drs. Mamo, Mulsant, and Pollock), The University of Toronto;
Rotman Research Institute, Baycrest Centre for Geriatric Care,
Toronto (Dr. Pollock), Ontario, Canada; and the Institute of
Psychiatry, King's College, London, England (Dr. Kapur).

This study was supported by National Institute of Mental Health
grants MH065416 and MH064173, the Sandra A. Rotman Chair in
Neuropsychiatry, and a Canada Research Chair grant (Dr. Pollock)
and the Japanese Society of Clinical Neuropsychopharmacology and
the Mochida Memorial Foundation (Dr. Uchida).

Financial disclosure appears at the end of the article.

Corresponding author and reprints: David C. Mamo, M.D., Centre
for Addiction and Mental Health, Schizophrenia Research Group,
PET Centre, 250 College &., Toronto, Ontario, M5T1R8, Canada
(e-mail: david_mamo@camh.net).

A ntipsychotics play acentral rolein the treatment of
schizophrenia, irrespective of patients' age. How-
ever, aging has been associated with an increased sensi-
tivity to adverse effects from antipsychotics,* including
an increased risk for falls and higher mortality.®* It is
therefore not surprising that clinical guidelines univer-
sally advocate the use of lower doses of antipsychoticsin
elderly patients.>® For example, Expert Consensus Guide-
lines on the dosing of antipsychotics in elderly patients
typically recommend half the adult dose for the treatment
of primary psychotic disorders in late life.° The underly-
ing biological mechanisms for the use of lower doses in
thisfrail population are expected to be complex and need
to be examined from various perspectives, including
clinical and biological aspects. One reasonable strategy
to explore this question would be an antipsychotic drug—
oriented approach that focuses on the potential contribu-
tion of age-related changesin pharmacokinetics and phar-
macodynamics of the drug. It iswidely accepted that for a
given dose, plasma drug levels are expected to be higher
with advancing age. However, there are major limitations
with this hypothesis, including inconsistent results re-
garding age-related increase in plasma antipsychotic lev-
els. Little is known of contributory mechanisms beyond
this theoretical pharmacokinetic explanation. Given that
antipsychotic drugs exert their antipsychotic effects by
binding to central D, receptors with varying degrees of
antagonism,™® age-related changes in brain access of the
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drug, aswell as changes in the dopaminergic system itself,
would be expected to contribute to increased antipsychotic
drug sensitivity in elderly patients. For example, it would
be expected that the robust observation of an age-related
declinein striatal D, receptor binding site at arate of 5% to
13% per decade™** would translate into lower dose re-
quirements, though this has never been empirically tested.
We therefore propose that a comprehensive understanding
of age-related sensitivity to antipsychotics must take into
account various levels of age-related pharmacokinetic and
pharmacodynamic changes.

Therefore, we first review the relatively sparse clinical
data on drug dosing and susceptibility to side effects from
antipsychotic drugsin elderly patients. We then proceed to
propose a theoretical framework incorporating peripheral
pharmacokinetic, central pharmacokinetic, and pharmaco-
dynamic mechanisms to better understand age-related sen-
sitivity to antipsychotics, and present a synthesis of pub-
lished data supporting this theoretical framework. On the
basis of these data, we propose 3 nonexclusive and testable
hypotheses to address the relative contribution of these
age-related changes to antipsychotic sensitivity: (1) an
increased plasma level for a given dose, (2) increased
brain access and distribution for a given plasma level,
and (3) increased pharmacodynamic effects for the same
target receptor occupancy. The implications, testability,
and limitations of these hypotheses are discussed.

SEARCH STRATEGIES AND SELECTION CRITERIA

Data for this review were identified by searches of
PubMed (1950-2007) and references from relevant ar-
ticles and books. Search terms included antipsychotic,
neuroleptic, elderly, aging, pharmacokinetics, pharmaco-
dynamics, and dopamine. Only articles written in English
or Japanese were consulted. Studies, reviews, and books
pertaining to the clinical effects, pharmacokinetics, and
pharmacodynamics of antipsychotics in older patients
were selected. Relevant authors' in press articleswere al'so
included. This search yielded articles and book chapters
from 643 sources, which form the empirical basis of this
review and proposed theoretical framework.

CHANGES IN CLINICAL RESPONSE WITH AGE

Do Physicians Use Lower Doses
of Antipsychotics in Elderly Patients?

The available literature on antipsychotic dosing in
elderly patients with schizophrenia consists mostly of
cross-sectional studies of prescription practices and Expert
Consensus Guidelines. To our knowledge, there are no
published, formal, antipsychotic dose-finding studies that
have been conducted in older patients with schizophrenia.
However, 3 double-blind randomized control trials with
flexible-dosing method were identified.”*™ In the largest
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of these studies (N = 175), the median effective doseswere
2 mg/day for risperidone and 10 mg/day for olanzapine.”
In light of recent concerns about the safety and tolerability
of antipsychoticsin elderly patients,*!*" it is quite surpris-
ing that antipsychotic dose requirements for older patients
with schizophrenia have not been systematically addressed
inclinical trials.

Expert Consensus Guidelines recommend the use of
low antipsychotic doses in elderly patients with schizo-
phrenia.® For example, while the package insert for risperi-
done recommends 4 to 8 mg per day for younger adults
with schizophrenia (400-800 mg chlorpromazine equiv-
aent chlorpromazine equivalent),”® the guidelines rec-
ommend a dose range of 1.5 to 3.5 mg or 150 to 350 mg
chlorpromazine equivalent.®* Cross-sectional studieslend
some support to these guidelines. In a naturalistic study
of 64 ambulatory patients with schizophrenia older than
45 years treated with first-generation antipsychotics in
San Diego, the mean dose was 443.0 mg chlorpromazine
equivalent.”® This inverse correlation between age and
dose was aso observed in other cross-sectional pre-
scription surveys in Pittsburgh (N = 86)% and Tokyo (N =
1418).% In both of these studies, older outpatients received
50% to 75% of the mean daily dose prescribed to younger
patients: 275 mg versus 378 mg chlorpromazine equiva-
lent in those older than 60 years and those aged 21 to 40
years, respectively, in the Pittsburgh study and 323 mg ver-
sus 649 mg chlorpromazine equivalent in the fourth and
seventh decades, respectively, in the Tokyo study. While
limited by their cross-sectional design, these studies sug-
gest that beyond the fifth decade of life, physiciansare pre-
scribing progressively lower doses of antipsychotics—a
practice that may be aresponse to increasing drug sensitiv-
ity or adherence to practice guidelines.

Most large-scaled, double-blind, randomized controlled
trials in elderly patients have been performed in patients
with behavioral and psychological symptoms of demen-
tia®? The published dose-finding studies used doses
that are much lower than standard adult antipsychotic
doses, even though a recent pivotal randomized placebo-
controlled trial has questioned the efficacy of this thera-
peutic strategy.® With regard to risperidone and olanza-
pine, doses as low as 1 mg and 5 mg, respectively, have
been used for behavioral and psychological symptoms of
dementia.”*** While these low doses may be effective in
some patients with behavioral and psychological symp-
toms of dementia, the relative contribution of age and
the neurodegenerative processes involved in dementia
on antipsychotic drug response cannot be conclusively
ascertained.

Are Elderly Patients More Prone
to Side Effects of Antipsychotics?

The high prevalence of neuroleptic-induced parkin-
sonism in elderly patients was first documented by
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Ayd," whereas akathisia occurs evenly
across the life span® and dystonia
is rarely observed among older pa
tients.??® Caligiuri et al.> confirmed

Figure 1. Framework for Disposition of Antipsychotic Drugs
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troduction of second-generation antipsychotics brought
promise of lower burden of neurologic side effects from
antipsychotic treatment. However, elderly patients still ex-
perience parkinsonism from these newer drugs more fre-
quently than the young. In are-analysis of 12 double-blind
trials of risperidone in mixed age patients with schizo-
phrenia (N = 2074), Lemmens et al.** found that longer
duration of psychotic symptoms was associated with de-
velopment of extrapyramidal symptoms, including parkin-
sonism as well as dystonia and dyskinesia—this was es-
pecialy true for the older patients. This finding would
suggest that the duration of illness and advancing age may
each be contributory to a vulnerability to extrapyramidal
symptoms.

With regard to tardive dyskinesia (TD), cumulative in-
cidence varies widely from study to study, but most of the
reports have shown that older patients develop this side
effect more often and sooner when treated with first- or
second-generation antipsychotics.®* In an analysis that
combined data from 11 studies and included 2769 patients
treated with amisulpride, olanzapine, quetiapine, risperi-
done, or ziprasidone,* the weighted mean annual inci-
dence of TD for second-generation antipsychotics was 0%
in children, 0.8% in young adults, and 5.3% in those older
than 53 years.

Although age may aso have an effect on the incidence
of other serious adverse effects of antipsychotics, such as
the syndrome of inappropriate antidiuretic hormone secre-
tion (SIADH) or neuroleptic malignant syndrome, we are
not aware of any published studies that have addressed
thisissue. However, since older people are at higher risk of
developing SIADH from any cause and of having con-
comitant brain pathology, one would expect that antipsy-
chotics are more likely to induce SIADH or neuroleptic
malignant syndrome in older patients than in younger
patients.®

In summary, the prevailing practices and clinical
guidelines suggest that compared to younger patients, el-
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derly patients may derive therapeutic benefits at lower
doses and are at greater risk of experiencing motor ad-
verse effects from antipsychotics.

FRAMEWORK FOR UNDERSTANDING THE
SENSITIVITY TO ANTIPSYCHOTICS

To better understand the potential contribution of
age-related changes in pharmacokinetics and pharmaco-
dynamics of antipsychotics, it is important to have a
framework to conceptualize the different levels at which
disposition and actions of antipsychotics may differ. Fig-
ure Llillustrates atheoretical framework for understanding
the biological mechanisms responsible for age-related
sensitivity to antipsychotics.

Once adose of an antipsychotic isingested, it is differ-
entially distributed in the body, including the bloodstream
where it is measurable (henceforth, referred to as periph-
eral pharmacokinetics). The next step for a centrally act-
ing drug is determined by its ability to reach and interact
with the target receptors (e.g., dopamine D, receptors).
This processinvolves at least 3 principal components: (1)
ability to access the central nervous system (CNS) via
the blood-brain barrier (BBB), (2) regional distribution
within the CNS, and (3) competition for binding at dopa-
mine D, receptor with endogenous dopamine (henceforth
referred to as central pharmacokinetics). Finally, the pres-
ence of the drug effects changes in second messenger sys-
temsat the cellular level. In turn, thisresultsin alterations
and compensations at the system level, leading to the
drug's therapeutic and adverse effects (henceforth re-
ferred to as pharmacodynamics). Since the net pharmaco-
dynamic effects of an antipsychotic are the results of an
interaction between the drug and the endogenous trans-
mitters, changes in endogenous dopamine levels could
also contribute to changes in antipsychotic sensitivity.
These changes could be conceptualized either as a central
pharmacokinetic phenomenon or a central pharmacody-
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Figure 2. Potential Contributors to Age-Related Sensitivity to Antipsychotics®
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elsand extrapyramidal symptoms.** A
recent comprehensive review con-
cluded that current evidence on the
relationship between plasma concen-
trations of second-generation antipsy-
chotics and clinical outcomes or ad-
verse effects is equivoca except for
the proconvulsant effects of cloza-
pine.”® Finaly, a dissociation of the
kinetics of antipsychotic plasma lev-
els and D, receptor occupancy has
been reported in a positron emission
tomography (PET) study examining
single-dose kinetics of risperidone in
healthy subjects.*® In this study, mean
plasma elimination half-life of single
dose of risperidone was 10.3 hours,

namic one—we describe the implications of such changes
only in the central pharmacokinetics section of thisreview
to avoid duplication.

PHARMACOKINETIC MECHANISMS

The Peripheral Pharmacokinetic Hypothesis
and Its Limitations

Peripheral pharmacokinetic changes associated with
the aging process may contribute to increased sensitivity
to antipsychotics. This hypothesis, referred to as the pe-
ripheral pharmacokinetic hypothesis, would predict that
for a given dose, plasma levelsin elderly patients will be
higher and that this age-related increase would be ex-
pected to result in increased sensitivity to therapeutic and
adverse effects (Figures 2 and 3).

However, there are major limitations with this hypoth-
esis. First, despite popular belief, an age effect on plasma
antipsychotic exposure has not been a consistent find-
ing.*** In arecent analysis of the data from the Clinical
Antipsychotic Trials of Intervention Effectiveness, a non-
linear mixed-effects modeling was used to determine the
population pharmacokinetics of olanzapine and evaluate
potential contributors to drug exposure.® While sex, race,
and smoking status were contributors, age did not have an
effect on the exposure of olanzapine in patients with Alz-
heimer’s disease (N = 117) or schizophrenia (N = 406).
Other studies of olanzapine, risperidone, and ziprasidone
have also failed to show a clinically significant influence
of age in older patients or in healthy individuals.**° Sec-
ondly, arelationship between plasmalevels and therapeu-
tic or adverse effects has not always been identified in past
studies.*** For instance, in astudy that examined theratio
of concentration to dose in 165 patients treated with con-
ventional antipsychotics, the ratio was higher in elderly
patients but there was no relationship between plasmalev-
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whereas it took 66.6 hours for a 50%

reduction of peak striatal D, receptor
occupancy. We therefore propose that peripheral pharma-
cokinetic changes with age, while possibly contributing
to the overall sensitivity of elderly patients, cannot ac-
count for the full extent of the age-related sensitivity to
antipsychotics.

Central Pharmacokinetic Changes With Age

Brain access. The BBB, a single layer of capillary
endothelia cells joined together at tight junctions, regu-
lates access of xenobiotics (including antipsychotics) to
the CNS.*” Loosening of these junctions would theoreti-
cally increase access of antipsychotics into the brain.
However, the relationship between junction integrity and
aging has not been investigated. Central concentration of
many drugs, including antipsychotics, is also regulated
by P-glycoprotein, which restricts the permeability of the
BBB indirectly by pumping drugs back into the periph-
eral circulation. Although in vitro studies on age-related
changes in P-glycoprotein activity are not consistent, >
a recent report® examined the volume of distribution
of (R)-["'C]verapamil (a substrate of P-glycoprotein) in
young and elderly human brains and found a higher ver-
apamil BBB access in elderly compared to younger sub-
jects with no significant differences in peripheral phar-
macokinetics parameters between the 2 age groups.
In addition, several PET studies showed an age-related
increase in radioactivity per given radiation dose or
plasmalevel in the cerebellum that is expected to be free
of specific target receptors of an administered radio-
tracer.®*> These results are consistent with a previous
report of higher brain/plasma concentration ratio of
haloperidol in aged rats.*® While quetiapine and risperi-
done have been reported to be good P-glycoprotein sub-
strates in vitro,”” we are not aware of any literature ad-
dressing age effects on P-glycoprotein in vivo with these
drugs.
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Figure 3. Three Hypotheses Regarding the Elderly’s Increased Sensitivity to Antipsychotics®
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aThis figure explains 3 mutually nonexclusive hypotheses for the enhanced sensitivity to antipsychoticsin the elderly: an increased plasmalevel for
agiven dose (peripheral pharmacokinetic hypothesis), increased delivery of antipsychotic to dopamine D, receptor for agiven plasmalevel
(central pharmacokinetic hypothesis), and increased functional outcome for a given occupancy (pharmacodynamic hypothesis).

Thus, higher drug-brain access may directly result
from the loosening of the junction integrity of the BBB
associated with aging or with an age-related decline in
P-glycoprotein function.

Endogenous dopamine level. An age-related decline
in endogenous dopamine in the brain has been a consis-
tent finding in postmortem studies.® They suggest a
decline in dopamine level of 5% to 15% per decade.
Positron emission tomography imaging now alows for
the study of the endogenous dopamine level in vivo (indi-
rectly) by using paradigms involving competitive binding
of endogenous dopamine and dopaminergic radiotracers
to dopamine receptorsin response to the administration of
a psychostimulant. Using this paradigm, Volkow et al.*®°
reported that dopamine release by methylphenidate, as
measured using ["C]raclopride binding, was inversely
correlated with age, afinding that supports an age-related
decline in synaptic dopamine release in response to a
challenge.

There have been conflicting reports on the effect of ag-
ing on tyrosine hydroxylase activity. Initial postmortem
studies showed an age-related decline in tyrosine hy-
droxylase activity in substantia nigra,®-®* but subsequent
postmortem studies using different techniques showed no
change in caudate tyrosine hydroxylase activity beyond
infancy.®® Similar conflicting findings have been reported
for age-related changes in aromatic acid decarboxylase
(AADC) activity. Onein vivo [*®*F]DOPA PET study® re-
ported a significant decrease (8.3% per decade) in the
striatal uptake, but this finding was not replicated.® In an
attempt to resolve the discrepancy among past reports,
Kish et al.®® employed quantitative blot immuno-labeling
techniquesin postmortem striata of 28 neurologically nor-
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mal subjects. They found a significant age-dependent de-
creasein the concentration of AADC in the caudate (4.7%
per decade) but not in the putamen. Ota et al.®” recently
demonstrated an age-related decline in the uptake con-
stant for *'C-labeled L-DOPA in the caudate (5.4% per
decade) and the putamen (4.2% per decade) in the living
human brain, which was more prominent than the de-
crease in the tissue fraction of gray matter. In summary, a
majority of reports on age-related changesin the synthetic
enzymes and precursor suggest that the synthesis of dopa-
mine declines with age, and, consistent with this, the 1
PET study® examining the release of dopamine in re-
sponse to a challenge al'so finds a decrease with age.
Dopamine transporter is responsible for terminating
dopaminergic neurotransmission through dopamine reup-
take, and the concentration of dopamine transporter is
considered to reflect the homeostatic tone of the dopami-
nergic system.® Initial postmortem studies showed a lin-
ear declinein the number of [*H]GBR-12935, a dopamine
transporter radiotracer, binding sites with age (approxi-
mately 10% per decade).®*™ Results from in vivo studies
also show an age-related decrease, with a majority of
these studies™™ demonstrating a linear age-related de-
cline (approximately 5% per decade). In summary, the
concentration and density of dopamine transporter have
consistently been reported to decline with age.
Monoamine oxidase-B (MAO-B), the principle en-
zyme responsible for the catabolism of monoamine neu-
rotransmitters,” also shows age-related changes. Initial
postmortem studies found an age-related increase in
MAO-B activity,”"” which was confirmed by an in vivo
PET study demonstrating a linear increase with age (8%
per decade).” This increased activity of MAO-B would
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be expected to decrease the synaptic concentration of do-
pamine with age.

In summary, there are several age-dependent mecha-
nisms acting to decrease brain dopamine levels in older
persons, including decreased synthesis and increased clear-
ance, although these effects may be counterbalanced by an
age-related decline in dopamine transporter concentration.
Thus, the net effect, as suggested in an in vivo PET study
by Volkow et al.,*®® appears to decrease in dopamine release
with age.

The Central Pharmacokinetic Hypothesis

The age-related antipsychotic sensitivity may be in-
duced in part by changesin central pharmacokinetics—i.e.,
increased drug access and decreased dopamine—such
that for a given plasma level a higher number of antipsy-
chotic molecules reach target receptors and produce down-
stream changes (see Figures 2 and 3). According to this
hypothesis—referred to as the central pharmacokinetic
hypothesis—a given plasmalevel of antipsychotics would
lead to ahigher D, receptor occupancy in elderly compared
to younger patients, asillustrated by aleftward shift of the
drug concentration and D, occupancy with age in Figure
3. However, age-related changes in regional distribution
and clearance of antipsychotics in the brain also need to
be elucidated since they could affect synaptic level of
antipsychotics.

PHARMACODYNAMIC MECHANISMS

Changes in Dopamine System With Age

Available evidence clearly indicates agradual declinein
the structural and functional status of the dopaminergic
system with age. These changes would be expected to con-
tribute to the age-related sensitivity of the system to dopa-
mine antagonists.

Anatomical and histological changes. While the pre-
cise rate of decline remains unclear, there is consensus in
the literature that the number of dopaminergic neurons in
the substantia nigra in humans decreases with age.®>"""
Postmortem studies have reported that cell counts in the
substantia nigra decline with age at the rate of approxi-
mately 10% per decade.®” This age-related decrease in the
absolute number of melanin-positive neurons has been
confirmed by subsequent studies that used unbiased stereo-
logical cell-counting methods (6%—10% per decade).”” ™

Dopamine D, receptor. A majority of in vitro studies
showed an age-related decrease in dopaminergic binding
sites in the basal ganglia®® A large postmortem study
showed a decrease in dopamine D, receptors of 4.2% per
decade in the caudate nucleus and 4.7% in the putamen.®
This age-related decrease was observed also in another
large postmortem study that demonstrated a decrease in
dopamine D, receptors in the striatum of 2.2% per decade
beyond 20 years of age.®*
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In vivo brain imaging studies have also consistently
demonstrated an age-related decrease in striatal D, bind-
ing sites of 5% to 13% per decade,™*2# with similar rates
observed for other regions including the anterior cin-
gulate cortex, frontal cortex, amygdala, and thalamus.®®
Comparable age-related changesin dopamine D, receptor
density have been reported in patients with schizophrenia:
the slope of age-related decrease in the D,-like receptor
density in the caudate nucleus was similar in 22 drug-
naive schizophrenia patients (9% per decade) and 24 nor-
mal controls (8% per decade).® Thus, dopamine D, recep-
tors have consistently been reported to decline with agein
postmortem as well asin vivo studies.

Postsynaptic signal transduction. Dopamine receptors
are coupled to guanine nucleotide binding proteins (G-
proteins) that transduce the signal from receptorsto effec-
tors, such as adenylate cyclase, which, in turn, trigger
downstream cellular response. Since G-proteins and ade-
nylate cyclase are bound to, or embedded in, the cell
membrane, age-related alterations in the structure of
membrane could effect postsynaptic signal transduction.
Thus, the well-established, age-related decrease in mem-
brane fluidity® could restrict the function of G-proteins
and theoretically result in a reduction of signal trans-
duction. Indeed, an age-associated decreased coupling/
uncoupling of receptors and G proteins has been demon-
strated for other receptors.®%

In summary, in addition to a decrease in endogenous
dopamine level, both the absolute number of dopamine
neurons and the density of dopamine D, receptors have
been shown to decrease with age. While a decrease in the
G-protein—mediated signal transduction is still not con-
firmed for dopamine receptors, these results are consis-
tent with a gradual decline in the dopaminergic system
with age.

The Pharmacodynamic Hypothesis

At the pharmacodynamic level, we propose that for
a given level of occupancy, older patients may be more
susceptible to clinical/adverse effects—hereby referred to
as the pharmacodynamic hypothesis (Figures 2 and 3). A
common misunderstanding is that an age-related decrease
in the number of receptors should directly lead to an in-
crease in percentage occupancy, as there are “fewer” re-
ceptors. In fact, the percentage occupancy of areceptor by
an antipsychotic isindependent of the absolute number of
receptors but is determined mainly by a first-order pro-
cess. Thus, a decline in receptor number would lead to a
fewer total number of receptors occupied with no change
in percentage occupied. Rather, it is the magnitude of the
biological response that is dependent on the absolute
number of receptors occupied by agonists. Therefore, as
either the endogenous agonist or its receptor population
decrease in number, the absolute number of receptors oc-
cupied by the endogenous agonist declines, resulting in a
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lower downstream response. For example, inhibition of
forskolin-stimulated cyclic adenosine monophosphate
accumulation by dopamine was compared between ham-
ster ovary cell line expressing high dopamine receptor
density and those expressing low receptor density. In cells
expressing high receptor densities, 50% inhibition was
achieved by only 0.9% receptor occupancy, while 39%
occupancy was needed for the same effect in those with
low density.®* Thus, a system with a lower number
of receptors—as is the case in the brain of an older
individual—would be expected to require a higher occu-
pancy for the same downstream effect. In younger pa-
tients with schizophrenia, occupancy of more than 80% of
striatal D, receptors with antipsychotics has been associ-
ated with extrapyramidal symptoms,™® suggesting that a
minimum of 20% of the receptor population must be free
of antagonist for physiologic transmission to overcome
extrapyramidal symptoms. In view of a decline in abso-
lute receptor number with age, therefore, a greater per-
centage of receptors (20 + x%) must be free to provide an
adequate level of physiologic transmission in elderly pa-
tients. Therefore, this would predict that while the
younger patient would present with extrapyramidal symp-
toms when anti psychotics occupy more than 80% of dopa-
mine D, receptors (100% — 20% = 80%), older persons
with schizophrenia would show extrapyramidal symp-
toms at a lower occupancy (100% — 20% — x% = < 80%).
This age-related decrease in the threshold would in turn
lead to a lower dose requirement for older persons with
schizophrenia. This threshold may be even lower in per-
sons with behavioral and psychological symptoms of de-
mentia: a decrease in dopamine D, receptors in patients
with Alzheimer’s disease compared to healthy elderly
controls has been reported,® although there is no direct
comparisoninvivoin D, receptor density between schizo-
phrenia and dementiain elderly patients.

Age-related decrease in signal transduction could also
ater the sensitivity to antipsychoticsin elderly patients. It
is likely that homeostatic mechanisms compensate for
early age-related changes in the dopaminergic system.
However, the same homeostatic mechanisms may fail to
maintain the desired balance in late life, though this needs
to be tested in future studies. We propose that at some
critical period in the aging process—possibly between the
ages of 50 to 70 years—athreshold is crossed whereby the
homeostatic mechanisms are overwhelmed and an altered
overall system configuration resultsin different responses
to external stimuli, including the blockade of neural trans-
mission by antipsychotics.

QUALIFICATIONS AND LIMITATIONS

Our conclusions must be considered in light of the
limitations in the literature we reviewed. Studies on age-
related changes—particularly involving changes in cen-
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tral pharmacokinetic and pharmacodynamic changes—
are sparse and await future replication. Further, the dopa-
minergic system may be influenced not only by the aging
process itself but also by psychopathology of psychiatric
illnesses, including schizophrenia and dementia, and
long-term effects of antipsychotic drugs. Age effects de-
scribed in this review may differ between persons with
and without those illnesses. Our focus on the dopaminer-
gic system isnot intended to suggest that the resolution of
psychotic symptoms with antipsychotics is solely related
to effects in the dopaminergic system. Clearly this re-
sponse is far more complex, and we certainly do not ex-
clude the effects of other systems such as the serotonergic
or cholinergic systems. In addition, other potential modi-
fiers, such as estrogens, nutrition, and other dopamine re-
ceptor subtypes, should also be taken into consideration.
Furthermore, this review does not address the metabolic,
cerebrovascular, and cardiovascular adverse effects of
antipsychotics, particularly second-generation antipsy-
chotics, that have recently come to the forefront of scien-
tific inquiry.*%*

CONCLUSION

We conclude that, while aging most likely is associated
with increased sensitivity to antipsychotic drugs, the
available literature is surprisingly inconclusive, and the
age at onset of this sensitivity and the magnitude of its
effect remain unclear. Furthermore, there are broad pos-
sibilities to account for this age-related sensitivity. This
notwithstanding, age-related functional decline in the
dopaminergic system would suggest the need for lower
antipsychotic doses and a more careful dose titration in
elderly patients. We conclude that while age-related
peripheral and central pharmacokinetic changes may
be contributory to age-related antipsychotic sensitivity,
pharmacodynamic mechanisms may play the most sig-
nificant role. All 3 hypotheses may be tested within the
same study design by measuring both the plasma concen-
tration of an antipsychotic and the dopamine D, receptor
occupancy for a given dose of the drug and relating these
findings to clinical outcomes in elderly and young pa-
tients. We are currently conducting a series of studies to
address these hypotheses in older patients with schizo-
phrenia, with the goal of understanding better the neuro-
biological basis for their increased sensitivity to antipsy-
chotics. A better understanding of these factors will lead
to a more sophisticated use of antipsychotic drugs in this
frail population.

Drug names: olanzapine (Zyprexa), quetiapine (Seroquel),
risperidone (Risperdal), ziprasidone (Geodon).
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