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Life Course: Developmental
and Transitional Events

Nisha Mehta-Naik

Introduction

A life transition is defined by a significant shift in
social circumstances, which is often accompa-
nied by a period of emotional and social instabil-
ity as one moves from one life stage to another
[1]. Although life transitions can often be per-
ceived as planned events that carry a positive
connotation, such as marriage and joining the
workforce, many life transitions are marked by
unpredictability and upheaval. Nonetheless, all
life transitions can result in a disruption of social
networks, coping skills, finances, and health [1].
As a result, success in life transitions requires
individuals to demonstrate resilience by cultivat-
ing new coping skills, utilizing different social
supports and accepting a change in identity [1].
Some research suggests that such transitions
could be risk factors for depression in older
adults [2]. Although each older adult has a unique
experience of aging, as a group, the geriatric pop-
ulation shares several life transitions such as
retirement, bereavement, relocation, changes in
the caregiver role, and changes in medical health.
Some of these topics—including caregiver stress
and psychological factors affecting medical con-
ditions—will be featured in subsequent chapters.
This section will highlight two key geriatric life
transitions: retirement and bereavement.

Retirement

Retirement has been defined in multiple ways.
Feldman defines retirement as the “exit from labor
force taken by individuals after middle age and
taken with the intention of reduced psychological
commitment to work thereafter [3].” This defini-
tion indicates that retirement is an individual and a
deliberate decision. Sociologist Angela M. O’Rand
states that retirement is an “age-related and perma-
nent transition from an income status based on
employment to one based on transfers and assets at
the end of the work career” which highlights a shift
from depending on individual income to larger
economic institutions [4]. Such definitions of
retirement suggest that this life transition is abrupt,
marked by the single decision to retire from the
workforce. Organizational psychologists Wang
and Shultz suggest that retirement can also be a
dynamic process often involving multiple, step-
wise decisions resulting in a gradual transition out
of the workforce through part-time work and alter-
nate work opportunities [S]. Strict definitions of
retirement often do not capture the conditions sur-
rounding retirement—namely, if retirement was
voluntary, involuntary, or regulatory/statutory—
retirement that is mandated at a set age [6]. The
lack of standard definitions of retirement highlights
that there are key differences in how individuals
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experience retirement, the retirement decision-
making process, and how retirement is studied by
different professional groups.

Despite the significance of this life transition,
there is little conclusive data regarding impact of
retirement on one’s emotional and physical well-
being [6]. Limitations of research include lack of
universal definitions regarding retirement, as
well as a difference in conditions surrounding
retirement. A population’s outlook on retirement
may be impacted by national policies on retire-
ment, insurance, and pension, thus making it dif-
ficult to generalize results to an international
population [7]. As women historically com-
prised of a lower portion of the labor force, there
is limited data regarding women’s experience of
retirement, as well as that of dual-income house-
holds [8].

In this section, trends in American retirement,
data regarding impact of retirement on health, as
well as psychosocial interventions to improve
retirement experiences will be reviewed.

Trends in American Retirement

Older adult participation in the American labor
force (including full-time and part-time employ-
ment) notably decreases between ages 60 and 70.
Per 2010 US Census data, 60% of men in the
60—64 age group are engaged in the workforce,
though only 36.5% of older men in the 65-69
age group are employed [9]. Similarly, female
participation decreases from 50.7% in the 60—-64
age group to 27% in the 65-69 age group.
Following age 69 years, the workforce participa-
tion decreases by approximately 10-12% every
5 years [9].

Patterns of retirement behavior have changed
significantly over the course of the twentieth and
twenty-first centuries. While approximately 10%
of women over age 65 maintained employment
from 1950 to 1990, older male rates of employ-
ment steadily decreased over the majority of the
twentieth century [9]. Approximately 45.8% of
American men over age 65 maintained employ-
ment in 1950, but only 15% of older men
remained active in the workforce by 1993 [9].
The development of Social Security, as well as
the strengthening of pension programs, has con-
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tributed to increased older adult retirement in the
twentieth century.

The twenty-first century was marked by a
rebound in older adult engagement in the work-
force—with 22.1% of men and 13.8% of women
over the age of 65 maintaining employment in
2010 [9]. Multiple hypotheses have been offered
to explain why older adults are remaining in the
workforce at increasing rates, namely, decreased
financial security in light of the 2007-2009 eco-
nomic recession [10], as well as the decreased
quality and availability of pension programs [11],
rising age of Social Security eligibility [11], and
increased life expectancy [11].

Retirement and Health

Different studies have investigated the relation-
ship between retirement and health, and the
available data is varied. We will review some of
the key international studies that shed light on
this topic in the next few paragraphs.

Much of the literature suggests that retirement
is associated with an improvement in both physi-
cal and mental health. Depressive symptoms, as
measured by the quantity of antidepressant pre-
scriptions distributed to a Finnish cohort, were
noted to decrease following retirement [12]. Data
from the Whitehall II study, a large longitudinal
prospective study conducted in England, corrob-
orated these findings. Self-report of general men-
tal health improved for all employees following
statutory retirement, though most noticeably for
those of higher socioeconomic status [13].
Similar findings regarding a decrease in depres-
sive symptoms following retirement were noted
in a Canadian population study [14] as well as a
Swiss population study [15]. The GAZEL proj-
ect, a French longitudinal prospective cohort,
demonstrated evidence of decreased sleep distur-
bances in the years following statutory retirement
[16]. It seems that affective and anxiety symp-
toms surrounding retirement may peak when
individuals are in the process of preparing for
retirement and upon initiation of retirement itself.
A series of interviews demonstrated that many
individuals experienced pre-retirement anxiety in
the setting of uncertainty and change, followed
by post-retirement satisfaction and happiness as
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they adjusted to a new phase of life [17]. In spite
of a significant shift in identity during the process
of retirement, a study of American individuals
found that self-esteem remained steady before
and after retirement [18].

Many studies also suggest that retirement is
correlated with improvements in physical health.
Further data from the GAZEL cohort demon-
strated that the chronic disease prevalence was
not impacted by retirement itself, but rather by
normal aging [19]. Moreover, self-report of phys-
ical and mental fatigue decreased following
retirement. GAZEL cohort data also found a
decreased prevalence of headaches [20],
increased physical activity [21], and decreased
report of “suboptimum health” following retire-
ment [22]. Several studies have noted that the
level of somatic complaints [23] and self-report
of health [24] do not change significantly for
individuals following retirement when compared
to age-matched adults who remained in the
workforce.

Despite  overwhelming data supporting
improvements in mental and physical health fol-
lowing retirement, some data suggests that retire-
ment is correlated with worse health outcomes.
One study found that early retirement was corre-
lated with higher prevalence of depression and
anxiety [25]. Although a study of the Swiss
Household Panel found that the majority of indi-
viduals experience improvements or stability in
self-reported general health and mood following
retirement, the study also notes that approxi-
mately 25% of individuals experience worsening
of mood and anxiety following retirement [15].
Additional data from the GAZEL cohort sug-
gested that the prevalence of heavy alcohol con-
sumption increased around the retirement period
[26]. Although many studies suggested that
retirement was correlated with an increase in
physical activity, one study found that the loss of
physical activity related to work commutes was
not compensated for by recreational physical
activity in retirement [27].

Several studies emphasize that individual char-
acteristics, and external factors which exist prior
to retirement may impact one’s experience of
retirement. Data from the GAZEL cohort found
that the presence of Type A and aggressive per-
sonality traits prior to retirement is correlated

with worsened mood following retirement [28].
Results from the Whitehall II study propose that
hardship faced in the workplace in the years prior
to retirement including workplace satisfaction
and perceived workload is correlated with symp-
toms of depression post-retirement [29]. Such
data highlights the complexity of this life transi-
tion and the multitude of factors that influence
individual retirement experiences.

Psychosocial Interventions

Although many older adults seem to thrive both
physically and mentally after retirement, avail-
able data suggests that many older adults expe-
rience worsening mood and physical health
correlated with retirement. Several interven-
tions have been proposed to help older adults
transition to retirement, focusing on reshaping
older adults’ social identities following retire-
ment by providing new responsibilities, foster-
ing environments that promote socialization,
and helping structure time. Several initiatives
encouraged older adults to serve as mentors to
young adults [30] or adopted grandparents [31]
(Foster Grandparent Program) to young adults
and children and were noted to have positive
effects.

Future Directions

Despite European studies regarding retirement
demonstrating overall improvements in mental
and physical health following this life transition,
there is limited data regarding the American
experience of retirement. As the average age of
retirement rises in the United States and pension
plans and benefits diminish, it is possible that
Americans will experience increased stress in the
setting of retirement. Further research on health
outcomes following retirement in the United
States would help elucidate this effect. Although
retirement has commonly been perceived as a
positive life transition, there remains a subset of
individuals who struggle with this change.
Incorporating aspects of positive psychiatry and
interpersonal psychotherapy may alleviate dis-
tress related to retirement.



Bereavement

The death of a loved one and the subsequent
mourning of loss is a process that impacts the
geriatric population immensely. Loss is an inevi-
table part of life for older adults—the average life
expectancy in 2009 was found to be 75 years for
men and 80.9 years for women [32].
Approximately 28.1% of individuals over age 65
are widowed, and 59.6% of individuals over age
85 are widowed [32]. The prevalence of spousal
loss is higher in women—39.9% of women over
65 and 72.9% of women over 85 are widows
[32]. This data does not encapsulate other major
losses that older adults face including but not
limited to the death of parents, friends, siblings,
and in rarer circumstances children.

Despite the universality of bereavement, indi-
viduals seem to have varied responses to loss
ranging from exhibiting minimal psychiatric
symptoms to experiencing significant dysfunc-
tion. Psychiatrists and psychologists have long
discussed the range of responses to loss, often
wondering where to draw the fine line between
expected bereavement and a pathological
response to loss. In the classic paper Mourning
and Melancholia [33], Freud defines mourning as
“the reaction to the loss of a loved person, or to
the loss of some abstraction which has taken the
place of one, such as one’s country, liberty, an
ideal and so on [33].” In this statement, Freud
highlights that mourning is a process of coming
to terms with object loss. He draws the distinc-
tion between mourning and melancholia, noting
that “although mourning involves grave depar-
tures from the normal attitude to life, it never
occurs to us to regard it as a pathological condi-
tion and to refer it to medical treatment. We rely
on mourning being overcome after a certain lapse
of time, and we look upon any interference with
that process as useless or even harmful [33].”
Psychoanalyst Otto Kernberg questioned whether
the mourning process is a time-limited one as
Freud proposed or a lifelong process that “may
bring about a permanent alteration of psychologi-
cal structures that affect various aspects of the
mourning persons’ lives [34].”

The dialogue regarding the course of expected
bereavement and defining its pathological vari-
ants has continued in the twenty-first century
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with the DSM-5 and the decision to remove the
bereavement exclusion from diagnostic criteria
of major depressive disorder [35]. The next sec-
tion will explore the complexities of categorizing
pathological vs. non-pathological bereavement,
biological responses to grief, and management of
bereavement.

The Biology of Loss

Bereavement is not only a psychological and
social process but also a physiological one.
Widowhood has been correlated with increased
morbidity and mortality from a broad range of
health conditions—including increased risk of
mortality from accidents, strokes, heart disease,
and cancer [36]. Although the etiology of
increased morbidity and mortality is unclear,
there are known endocrine and immunologic
changes associated with bereavement [37]. The
acute period following spousal loss has been
associated with decreased T lymphocyte activity
[38], decreased NK cell reactions [39], and
increased neutrophil count [40]. Widows and
widowers were found to have elevations in corti-
sol levels 2 weeks and 6 months after loss of a
spouse [41]. Research has also demonstrated that
there is increased heart rate and elevated blood
pressures in the period following significant loss
[42]. Such neuroendocrine and immunologic
changes represent a physiologic response to the
stress of acute grief, which may have downstream
effects [37].

Current Categorization
of Bereavement

The clinical range of responses to loss has most
recently been separated into three distinct catego-
ries by Zisook and Shear: uncomplicated grief,
complicated grief, and grief-related major
depression [43].

Uncomplicated grief is a fluctuating and
dynamic process, which for some does not come
to a complete resolution. Individuals will have
varying responses to loss, ranging from minimal
psychological distress to time-limited significant
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dysfunction. Zisook and Shear describe that
uncomplicated grief usually begins with a phase
of “acute grief,” during which an individual
experiences heightened sadness and psychologi-
cal pain and increased longing for the lost indi-
vidual [43]. Symptoms of depression are often
present during this acute period including low
mood, anhedonia, and diminished motivation and
focus although individuals do not meet full crite-
ria for a major depressive episode. As acute grief
fades, individuals face a period of “integrated
grief.” This phase is characterized by holding
onto memories of lost loved ones and continuing
to miss them without any concomitant changes in
functioning [43].

Although many individuals experience depres-
sive symptoms in the context of bereavement,
most do not meet criteria for a major depressive
episode. However, a subset of individuals experi-
ence “grief-related major depression”— a major
depressive episode in the setting of loss and
bereavement [43]. While the precise prevalence
rates of bereavement-related depressive episodes
are unclear, one study found that 7.7% of all
depressive episodes in a population were related
to bereavement [44]. Depressive episodes in the
setting of bereavement when compared to gen-
eral depressive episodes have been correlated
with lower rates of suicidal ideations and feelings
of worthlessness [44]. Individuals with
bereavement-related depression often report
decreased need for sleep, rather than increased
need for sleep [44]. Additionally, those who
experienced a grief-related depressive episode do
not carry an increased risk of subsequent depres-
sive episodes [44].

Complicated grief is defined as a syndrome of
prolonged and intense grief that is associated
with substantial impairment in work, health, and
social functioning [43]. When compared to its
normal variant, complicated grief is marked by
ongoing distress, persistent guilt for finding
enjoyment in the absence of deceased loved
one, and inability to come to terms with the loss
[43]. The prevalence of complicated grief has
been estimated to be approximately 2.5 [45] to
5.0% [46] in the general population and is esti-
mated to occur in approximately 10% [43] to
25% [46] of those grieving a loss. Complicated
grief has been associated with increased comor-

bidity with major depressive disorder and anxi-
ety disorders [46]. However, complicated grief
can occur in the absence of comorbid major
depressive episode. Ages between 75 and
84 years, the loss of a child or spouse, and
female gender have been correlated with
increased prevalence of complicated grief [46].
Unexpected loss, death of a loved one who
passed away in an inpatient facility, and
increased time spent with loved ones in the
week prior to their death were also found to
carry increased risk of complicated bereave-
ment [45].

Management of Bereavement

Appropriate categorization of a patient’s response
to grief is critical, as specific interventions—and
in some cases no intervention—have been found
to be effective for uncomplicated grief,
grief-related major depression, and complicated
bereavement.

No intervention has been found to be helpful
in managing uncomplicated grief. Although
individuals may continue to miss the deceased,
they are able to find enjoyment in activities and
report less psychological distress within
6—18 months of a significant loss without any
intervention [47].

Grief-related major depression improves with
psychotherapy and antidepressants. Several small
studies have demonstrated improvements in
depressive and grief symptoms with the use of
antidepressants [48, 49]. One study found that
interpersonal psychotherapy when combined
with nortriptyline was more effective than nor-
triptyline alone in the treatment of grief-related
major depression [49].

Many interventions have been proposed for
the treatment of complicated bereavement.
There is little data to support the use of antide-
pressants or other psychiatric medications in the
treatment of complicated grief [50]. Cognitive
behavioral therapy [51], interpersonal psycho-
therapy [52], and behavioral activation [53]
have all demonstrated some efficacy in treating
complicated grief. However, complicated grief
therapy, a therapy which incorporates strategies
from exposure therapy, motivational interview-



ing, and interpersonal therapy, has been found
to be the most effective in reducing symptoms
of complicated grief [52]. Complicated grief
therapy has specifically been found to alleviate
symptoms of complicated grief among older
adults [54].

Bereavement and Suicidality

Bereavement is correlated with an increased
prevalence of suicidal ideations and suicide
attempts. Widowed individuals had higher rates
of suicidal ideations than non-widowed individu-
als [55]. Rates of suicidal ideations were higher
in those who had high scores on the Beck
Depression Inventory [55]. In another study,
complicated grief was associated with passive
suicidal ideations in 65% of individuals and 38%
of individuals admitted to self-injurious behavior
[56]. In the same study, 9% of individuals suffer-
ing from complicated bereavement had attempted
suicide [56]. Given the concern for suicidality in
the setting of bereavement—particularly grief-
related depressive episode and complicated
bereavement—psychiatrists should take more
initiative in evaluating and treating the pathologi-
cal variants of depression.

Summary

Bereavement is a psychological, social, and
physiological process associated with changes in
acute immune, cardiovascular, and endocrine
function. Bereavement can be differentiated into
three categories: uncomplicated grief, compli-
cated grief, and grief-related major depression.
Uncomplicated grief does not benefit from treat-
ment. However, research suggests that compli-
cated grief improves with psychotherapy,
particularly ~ complicated  grief  therapy.
Furthermore, grief-related major depression can
improve with antidepressant use and with psy-
chotherapy. Appropriately diagnosing and treat-
ing pathological variants of bereavement are
critical, as complicated grief and grief-related
major depression are associated with increased
risk for suicide.
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Introduction

Demography is defined as the analysis of the popu-
lation size and its structure especially in relation to
its determinants, fertility, mortality, and migration
[1]. Demography also identifies many major social
and policy issues including the growth of the popu-
lation, the challenges of an aging population, and
the implications of migration on the population.
The World Health Organization (WHO) defines
epidemiology as the study of the distribution and
determinants of health-related states or events
(including disease) and the application of this study
to the control of diseases and other health problems
[2]. According to Morris, epidemiology may be
further defined as the study of health and disease of
populations in relation to their environment and
ways of living [3]. It provides the facts about com-
munity health; it describes the nature and relative
size of the problems to be dealt with, and “maps”
are produced of such scales as are required or pos-
sible. The main function of epidemiology is to dis-
cover groups in the population with high or low
rates of diseases, so that causes of disease and rea-
sons for freedom from disease can be postulated.

The Aging Population

In late life, the epidemiology of psychiatric disor-
ders is the study of the distribution of psychiatric
symptoms and disorders and the variables that
affect their distribution [4]. In 2010, approximately
40 million persons aged 65 years and older lived in

the United States, accounting for 13% of the popu-
lation. With the aging of the baby boomer cohort
(those born between 1946 and 1964), the size of the
elderly population is projected to reach 72.1 mil-
lion by the year 2030 and 88.5 million by 2050
accounting for an estimated 20.2% of the total pop-
ulation [4, 5]. The current older population of the
United States is predominantly female and white.
In 2010, women accounted for 57% of the popula-
tion aged 65 years and older and 67% of those aged
85 years and older [4].

Life expectancy in the United States was
80.9 years for women and 76.0 for men [4].
According to Blazer, life expectancy at age 65 is
15.5 years for men and 19.1 years for women, so
reaching age 80 is becoming the usual rather than
the exceptional event [6]. The life expectancy for
people 80 years old and older is greater in the
United States than in Sweden, France, England,
and Japan and is increasing. It is estimated that
the number of people older than 65 years with
psychiatric disorders in the United States will
increase from about 4 million in 1970 to 15 mil-
lion in 2030 [7].

Psychiatric Disorders Among
Older Adults

The National Institute of Mental Health (NIMH)
Epidemiologic Catchment Area (ECA) study
used the Diagnostic Interview Schedule (DIS)
based on DSM-III as the case-identification
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instrument to report on the 1-month prevalence
rates of mental disorders from five sites across
the United States [8]. The investigators found
that for individuals aged >65 years, the preva-
lence of psychiatric according to the DIS was
12.3%. Jeste and colleagues consider this as
underestimation of the prevalence of psychiatric
disorders among older adults secondary to fac-
tors such as misattribution of psychiatric symp-
toms to cognitive impairment, physical disorders,
or normal aging, lack of age-appropriate diagnos-
tic criteria, and the underreporting due to forget-
fulness and social stigma [7]. They opined that
the “real” prevalence of psychiatric disorders
other than dementia in elderly persons to be at
least 25% higher than what is reported in the
ECA study.

The ECA study found that the prevalence of
alcohol abuse/dependence was 0.9% among
older adults with it being more common among
men (1.8%) than among women (0.3%) [8].
The prevalence of schizophrenia was found to
be 0.1% for both sexes, and the prevalence of
schizophreniform disorder was 0.0%. The prev-
alence of affective disorders was 2.5%; 3.3% in
women and 1.4% in men. Dysthymia was found
to be more common (1.8%) than major depres-
sive episode (0.7%) and manic episode at
(0.0%). Anxiety disorders were the most preva-
lent disorders at 5.5%; 6.8% and 3.6% in
women and men, respectively. The prevalence
of phobia was 4.8%, obsessive-compulsive dis-
order was 0.8%, and panic disorder was 0.1% in
both sexes. The prevalence of somatization dis-
order was 0.1% and antisocial personality
0.0%. Cognitive impairment increased with
age; it was seen in 2.9% of individuals
65-74 years in age, 6.8% of individuals
75-84 years in age, and 15.8% of individuals
>85 years in age. Higher rates of almost all
psychiatric disorders were found in younger
age group individuals with the exception of
severe cognitive impairment. Excess mortality
(from suicide or physical comorbidity) in early
life among individuals with schizophrenia,
depression, substance dependence, and other
psychiatric disorders was thought to be an
important reason for the lower prevalence of
serious mental illness among older adults when
compared to younger adults [7].
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Shapiro et al. reported that the most common
diagnoses for women were phobias and affective
disorders, whereas for men the predominant dis-
order was substance abuse and/or dependence
[9]. The total rates of psychiatric disorders drop
after the age of 45 years and particularly so after
age 65 years with the exception of cognitive
impairment.

The Australian National Mental Health and
Well-Being Survey by Trollor et al. described the
1-12-month prevalence of mental disorders, their
demographic correlates, and their impact on ser-
vice utilization and disability among individuals
>65 years [10]. The Composite International
Diagnostic Interview (CIDI) was used to deter-
mine the presence of mental disorders using the
International Classification of Diseases (ICD-10)
and the Diagnostic and Statistical Manual of
Mental Disorders, Fourth Edition (DSM-1V)
diagnostic criteria. About 12.9% of the individu-
als met the criteria for a psychiatric disorder in
the past 1 month, and 15.8% of the respondents
met the criteria for a psychiatric disorder in the
past 12 months. The most prevalent diagnostic
category was cognitive impairment, followed by
anxiety disorders and personality disorders.
Major depression and generalized anxiety disor-
der (GAD) were the two most common individ-
ual ICD-10 defined 12-month diagnoses. Older
women were more than twice as likely as older
men to have experienced ICD-10 major depres-
sion and GAD in the preceding 12 months. The
12-month prevalence for major depression was
(ICD-10, 2.4%; DSM-1V, 2.2%). The reported
prevalence rate of cognitive impairment (7.4%)
was based on the mini-mental state examination
(MMSE) score and was greater than the 1-month
prevalence data from the ECA study (4.9%). An
association was noted between cognitive impair-
ment and a higher prevalence of affective disor-
ders. After cognitive impairment, anxiety
disorders were the most prevalent diagnostic
group in this survey. There were no significant
differences in the overall rates of mental health
disorders between males and females. However,
there were specific sex differences in the rates for
certain diagnostic groups like affective disorders
where major depression was twice as prevalent
among elderly females when compared to elderly
males. There was also a marked female predomi-
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nance for GAD. Male predominance was noted
for substance use disorders, particularly alcohol
abuse and dependence. Marital status was associ-
ated with affective disorders with those individu-
als who had never married being twice as likely
to experience an affective disorder. In addition,
those individuals with a physical health disorder
were more than twice as likely to experience a
mental health disorder. Lastly, among those indi-
viduals experiencing a mental health disorder
within the past 12 months, only one-quarter had
consulted a mental health professional. Even
among those with multiple disorders, only about
one-third had consulted a mental health
professional.

Nationally representative data for community-
dwelling older Americans had been limited until
the ECA study from the 1980s comprehensively
investigated rates of psychiatric disorders among
a representative sample of older Americans from
multiple communities [8]. The National
Comorbidity Study Replication (NCS-R) is the
most current nationally representative study of
the epidemiology of psychiatric disorders in the
United States [11]. Among the NCS-R respon-
dents, there were 1461 individuals who were
>65 years in age. The mean age of the partici-
pants was 74 years. Approximately 58% of the
participants were women, 70.5% had 12 or more
years of education, 54.3% were married, and
82.8% were non-Latino White. A total of 22.8%
of all respondents received a diagnosis of at least
one DSM-1V disorder. Among older adults, 8.5%
of the individuals met the criteria for a psychiat-
ric disorder. The 12-month prevalence was 7.0%
for anxiety disorder, 2.6% for mood disorders,
and 0% for any substance abuse disorder. Specific
phobia was the most common diagnosis for the
whole sample (8.7%), and for those individu-
als > 65 years in age, the rate was 4.7%.
Regardless of age, women had a higher rate of
any psychiatric diagnoses. Among older adults,
women were four times more likely to have a
psychiatric diagnosis than men (12.6% vs. 2.9%).
The lifetime prevalence for any DSM-IV disor-
der among older adults was 20.9%. The most
prevalent diagnosis across all age groups was
MDD (16.6%), with 9.3% for older adults meet-
ing the criteria for MDD. Respondents aged
75 years and older were less likely than those
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aged 65-69 years to be diagnosed with a lifetime
anxiety disorder, with no significant difference in
those aged between 70-74 and 65-69 years.
Individuals aged 65 years and older had lower
rates of 12-month and lifetime mood, anxiety,
and substance use disorder diagnoses when com-
pared with that of younger and middle-aged
adults. Those aged 75 years and older had the
lowest prevalence particularly for lifetime psy-
chiatric disorders. Within the last 12 months,
8.5% of older adults were diagnosed with at least
one psychiatric disorder. Specific phobia was the
most prevalent 12-month diagnosis (4.7%), fol-
lowed by social phobia (2.3%) and MDD (2.3%).

The study by Rovner found that among nurs-
ing home residents, the prevalence of psychiatric
disorders was approximately 75% [12]. Primary
degenerative dementia accounted for 56% of the
cases followed by vascular dementia (18%) and
Parkinson’s dementia (4%).

In the next section of the chapter, we describe
the epidemiology of some common psychiatric
disorders among older adults in greater detail.

Cognitive Disorders

The H70 study or the Longitudinal Gerontological
and Geriatric Population Study in Gothenburg,
Sweden, was a comprehensive population study
that was started in 1971 [13]. This study found
the prevalence of dementia at age 70 to be 6.6%
in men and 3.1% in women. The prevalence of
severe dementia increased from 1% at age
70 years to 2% at age 75 years and 7% at age
79 years. The prevalence of mild to moderate
dementia increased from 2% to 4% and 9%,
respectively. Almost one-third of the 85-year-
olds had dementia (30%), and the prevalence
rates were similar between men and women. The
prevalence of dementia increased in women but
not in men from age 85 to 88 years. The increase
was attributed to higher rates of new cases in
women. Individuals with Alzheimer’s disease
(AD) and vascular dementia (VD) had a higher
prevalence of white matter lesions than did non-
demented subjects. The 7-year survival rate in
85-year-olds was higher in women (35%) than in
men (20%).

One community-based study showed that the
estimated annual incidence of AD in the popula-



14

tion was 0.6% for persons aged 65-69 years,
1.0% for persons aged 70-74 years, 2.0% for per-
sons aged 75-79 years, 3.3% for persons aged
80-84 years, and 8.4% for persons aged 85 years
and older [14]. This incidence is approximately
14 times higher among persons older than
85 years of age when compared with those
between 65 and 69 years of age.

It is estimated that 5.4 million people or 22.2%
of the population of the United States in 2002
aged 71 years or older have cognitive impairment
without dementia [15]. Prominent subtypes
included prodromal AD (8.2%) and cerebrovas-
cular disease (5.7%). Among participants who
completed follow-up assessments, 11.7% of indi-
viduals with cognitive impairment but without
dementia progressed to dementia annually,
whereas those with subtypes of prodromal AD
and stroke progressed at annual rates of 17 to
20%. The prevalence of dementia in the United
States among individuals aged 71 and older was
13.9%. Dementia prevalence increased with age
from 5.0% among those aged 71 to 79 years to
37.4% of those aged 90 and older.

Evans et al. sampled 467 residents 65 years of
age and older of a defined community. Of those
with probable AD, 26% had severe cognitive
impairment, 51% moderate cognitive impair-
ment, and 23% mild cognitive impairment [16].
Among those 65-74 years old, the prevalence
rate of probable AD was 3.0%. For those
75-84 years of age, the prevalence rate of prob-
able AD was 18.7% and among those 85 years or
older, it was 47.2%. Conditions other than AD
that caused moderate to severe cognitive impair-
ment including multiple cerebral infarcts, alco-
hol-induced dementia, Parkinsonian dementia,
depression, psychosis, mental retardation, and
subacute combined degeneration, were uncom-
mon in this community sample. Of the 113 per-
sons with moderate to severe cognitive
impairment and a probable diagnosis, 84.1% had
AD alone. Approximately 8.8% had only a cause
of dementia other than AD, and 7.1% had both
AD and another cause of dementia. The overall
estimate of AD prevalence of 10.3% among
those over the age of 65 years in this study was
somewhat higher than reported in previous
reports.
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Prevalence and incidence rates of mild cogni-
tive impairment (MCI) vary as a result of differ-
ent diagnostic criteria as well as different
sampling and assessment procedures [17]. The
results of the Leipzig Longitudinal Study of the
Aged (LEILA 75+) showed that the prevalence
rates of MCI ranged from 3 to 20%. Rates of con-
version to dementia over 2.6 years ranged from
23% to 47%. The study stated that people with
MCI develop dementia at a rate of 10-15% per
year, while the rate of healthy controls is 1-2%
per year. The pre-dementia syndrome identifies
conditions with age-related deficits in cognitive
functioning. There are age-associated memory
impairment (AAMI), aging-associated cognitive
decline (AACD), age-related cognitive decline
(ARCD), and mild cognitive impairment (MCI).
The prevalence of AAMI among people aged 65
and older ranges from 7% to 38.4% [18]. People
who meet AACD criteria show more extensive
cognitive impairment. In another study, the prev-
alence of AACD was 26.6% in people aged 60
and older [19]. The incidence rate of pre-demen-
tia syndromes appear to be increasing with age
and is higher in subjects with less education.
MCI is a prodromal phase of dementia, particu-
larly AD type. Annual conversion rates of demen-
tia for subjects classified according to the AAMI
criteria vary from 3% to 24%. The individuals
who meet the AACD criteria are more homoge-
nous than those characterized by the MCI criteria
and progressed to dementia at a rate of 28.6%
over a 3-year follow-up period, contrary to the
idea that AACD is a stable, non-pathologic entity.
Approximately 28% of subjects with ARCD
developed dementia after 2 years. Furthermore,
15% of subjects aged 65 years and older in age
and 15 to 25% of subjects 75 years and older in
age who are classified as having minimal demen-
tia developed clinical dementia after 1 year.
Annual conversion rates for pre-dementia syn-
dromes to dementia vary between 4% and 40%.
The annual conversion rates for MCI to AD vary
between 10% and 15% per year.

An epidemiologic study by Ganguli et al.
showed that among individuals with a diagnosis
of MCI, 27% developed dementia over the next
10 years [20]. Over each 2-year interval, MCI
persons showed increased risk for dementia:
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11.1-16.7% progressed to Alzheimer disease,
and 0-5.0% progressed to other dementias. Over
the same time intervals, 11.1-21.2% of those
with MCI remained at the MCI stage, and 33.3—
55.6% no longer had MCI.

Anxiety Disorders

Anxiety disorders are one of the most common
psychiatric disorders in the elderly, yet there are
very few studies about epidemiology of these dis-
orders. Smalbrugge et al. found that the preva-
lence of anxiety disorders among nursing home
residents varied between 0% and 20% [21]. A
Dutch community-based study found the overall
prevalence of anxiety disorders among elderly to
be 10.2%. Female sex, living without a partner,
low level of education, somatic comorbidity,
functional impairments, psychiatric comorbidity,
and loneliness were found to be associated with
anxiety disorders among the community-dwelling
older adults. Phobias were the most prevalent
anxiety disorder at 3.6%, followed by panic disor-
der at 1.5%, and generalized anxiety disorder at
1.2%. Approximately 29.7% of the individuals
had one or more anxiety symptoms. A mini-men-
tal state examination score of greater than 23,
depression, stroke, more than 6-year education,
impaired vision, pain, negative life events in the
past year, serious functional impairments, loneli-
ness, and perceived inadequacy of care were sig-
nificantly associated with anxiety symptoms [21].

Two studies by Grant et al. showed that the
prevalence of social anxiety disorder (SAD) in
national and international epidemiologic surveys
conducted since the early 1980s have varied
widely [22, 23]. Overall, the 12-month and life-
time prevalence of SAD among all age groups
were noted to be 2.8 and 5.0%, respectively. For
ages > 65 years, the 12-month and lifetime prev-
alence of SAD were 1.6 and 3.0%, respectively.
The onset of SAD was typically during child-
hood and adolescence, and the onset after the age
of 24 years was relatively uncommon. Among
those individuals with SAD, in the prior
12 months, 13.1% had an alcohol use disorder,
5.5% had a drug use disorder, and 27.1% had
nicotine dependence. Among those with lifetime
history of SAD, 48.2% had an alcohol use disor-
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der, 22.3% had a drug use disorder, 33.0% had
nicotine dependence, 54.1% had any other anxi-
ety disorders, 56.3% had a mood disorder, and
55.4% had a personality disorder. Bipolar I disor-
der was more strongly associated with SAD than
either major depressive disorder, bipolar II, or
persistent depressive disorder. The association of
12-month SAD with GAD was somewhat greater
than with panic disorder and specific phobia.
Avoidant personality disorder was more strongly
related with SAD than any other personality dis-
order. Over 80% of individuals with SAD
received no treatment [22, 23].

Depressive Disorders

Depression is a common and disabling psychiat-
ric disorder in later life [24]. Results from the
National Epidemiologic Survey on alcoholism
and related conditions showed that being female,
Native American, middle-aged, widowed, sepa-
rated, divorced, and of low-income group
increased the risk of becoming depressed [25].
Being of Asian, Hispanic, or Black race decreased
the risk for being depressed. The Australian
Longitudinal Study of Ageing by Anstey et al.
showed that the prevalence of depression in resi-
dential care facilities was 32% when compared to
14.4% in the community [26]. Functional impair-
ment and cognitive decline were associated with
increasing risk of depression in late life. Blazer
et al. reported that the prevalence of major
depression in the community-dwelling elderly to
be less than 5% [27]. The prevalence of primary
depressive disorder was reported at 1.8% and of
secondary depressive disorder at 1.9%.
Approximately 13.5% of older adults followed
by a traditional visiting nurse agency were diag-
nosed with major depression [28]. Of these, 71%
of the individuals were experiencing their first
episode of depression, and the episode had lasted
for more than 2 months in 78% of the individuals.
Approximately 22% of the depressed individuals
were receiving antidepressant treatment, but
none were receiving psychotherapy.
Approximately 31% of individuals receiving
antidepressants were prescribed subtherapeutic
doses, and 18% who were prescribed appropriate
doses reported not complying with their antide-
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pressant treatment. Teresi et al. found that 14.4%
of nursing home residents met the criteria for
probable and or definite major depressive disor-
der [29]. The estimate for significant depressive
symptomatology among these individuals was
44.2%.

The AGED (Amsterdam Groningen Elderly
Depression) study showed prevalence of major
depression among elderly nursing home residents
to be 8.1% and the prevalence of minor depres-
sion to be at 14.1% [24]. Approximately 24% of
the individuals suffered from subclinical depres-
sion. Risk indicators for major depression were
found to be pain, functional limitations, visual
impairment, stroke, being lonely, the lack of
social support, negative life events, and per-
ceived inadequacy of care [24]. Another study
found that 40% of institutionalized older adults
met the criteria for depression [30]. Approximately
12% of these individuals met the DSM-III-R cri-
teria for major depression, and almost half of
them suffered significant cognitive deficits [30].

Data from the West Friesland Study showed
that the prevalence of major depression among
older adults consulting their general practitioner
in the Netherlands was 13.7%, and the preva-
lence for minor depression was 10.2% [31].
Patients with major depression were younger and
more often female than those with minor depres-
sion. Only 22.9% of the individuals with major
depression were treated with antidepressants. In
the Aging, Demographics, and Memory Study
(ADAMS) where the participants were aged
>71 years, the overall prevalence for depression
was 11.19% [32]. The prevalence of depression
was similar for men and women. Whites and
Hispanics had nearly three times the prevalence
of depression when compared to African-
Americans. Dementia diagnosis and pain sever-
ity were associated with increased depression
prevalence, while black race was associated with
lower rates of depression. The H70 study found
that the prevalence of depression among 70- to
74-year-old women was 12% when individuals
with dementia were included in the denominator
and 13% when they were excluded [13]. Among
the 85-year-old women, the prevalence of depres-
sion was 13% when individuals with dementia
were included in the denominator and 19% when
demented were excluded.
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Depression in old age may also be a symptom
of incipient dementia [13]. The elderly have a
disproportionally high rate of suicide worldwide,
with a peak above the age of 80 [13]. There is
also a greater degree of lethal intent. Among
mentally healthy 85-year-olds, only 4% had
thought during the last month that life is not
worth living, 4% had death wishes, and 1% had
thought about taking their lives. None had seri-
ously considered suicide. Among those individu-
als with mental disorders 29% had thought that
life is not worth living, 28% had death wishes,
9% had thought about taking their lives, and 2%
had seriously considered suicide [13].

Substance Use Disorders

Large-scale US and international surveys con-
ducted in the early 1980s using the DSM-III cri-
teria showed that among individuals 65 years
older, the 12-month prevalence of alcohol abuse
was 1.2%, and alcohol dependence was 0.2%
[33]. The 12-month prevalence for any alcohol
use disorder in this age group was 1.5%. The life-
time prevalence of alcohol abuse and dependence
among individuals 65 years older was 12.7% and
3.4%, respectively; for any alcohol use disorder,
it was 16.1%. The 12-month alcohol abuse
remained strongly and significantly associated
with substance use disorders (OR > 1.8). The
12-month alcohol dependence remained strongly
associated with substance use disorders, specific
phobias, and bipolar disorders but with lower
ORs and was significantly associated with histri-
onic and antisocial personality disorders. Mean
ages for onset of alcohol abuse and dependence
were 22.5 and 21.9 years, respectively. Hazard
rates for onset of both disorders peaked at
19 years and decreased thereafter. The duration
of alcohol use disorder was often chronic with a
mean of nearly 4 years for alcohol dependence.
Men were at greater risk of alcohol use disorder
than women. African-Americans and Asians
were at lower risk than Caucasians for alcohol
abuse and dependence.

Blazer and Wu in their two studies evaluated
the epidemiology of substance use disorders
among middle-aged and older adults [34, 35]. In
the first study, they reported that the number of
older adults needing treatment for SUD is esti-
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mated to increase from 1.7 million in 2000-2001
to 4.4 million in 2020 [34]. In the two large sur-
veys, Epidemiologic Catchment Area (ECA
study) and the National Comorbidity Study
Replication (NCS-R), the prevalence of drug use
was very low among middle-aged and older
adults. In the ECA study, 7% of individuals
45-64 years and 1.6% of individuals >65 years
in age had a lifetime prevalence of illegal drug
use. Active use of illegal drugs occurred in 0.8%
of subjects 45-64 years and 0.1% of individu-
als > 65 years in age. In another study of older
adults who were referred to a hospital substance
abuse consultation service, older adults when
compared to younger adults were more likely to
use alcohol and less likely to be injection drug
users and users of heroin, cocaine, or multiple
substances. Nearly 60% of subjects used alcohol
during the past year, 2.6% used marijuana, and
0.41% used cocaine. Both alcohol and drug use
were far more frequent in subjects 50 to 64 years
in age and among men. Drug use in contrast to
alcohol use was not associated with the level of
education but was more common among those
who were not married and among those with
major depression. The prevalence of drug abuse
or dependence in the >50 age group was very
low at only 0.33% for any abuse or dependence,
0.12% for marijuana abuse or dependence, and
0.18% for cocaine abuse or dependence, respec-
tively. Nevertheless, the use of marijuana
approached 4% in the 50-64 age groups in com-
parison to 0.7% in the >65 age group.

Psychotic Disorders

Psychotic symptoms are reported to be uncommon
among older adults, although they are substantially
more common among individuals with dementia
[13]. The prevalence of schizophrenic and paranoid
syndromes are 0.5, 1.7, and 2.5% at 70, 75, and
79 years, respectively. It was noted that 10% of
non-demented 85-year-olds had psychotic symp-
toms, and 7% had paranoid ideation during the pre-
ceding year. Hallucinations were found in 7% and
delusions in 6%. Hallucinations, delusions, and
paranoid ideation at age 85 were each related to an
increased incidence of dementia from 85 to
88 years, but only a minority of those individuals
with these symptoms developed dementia.
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There are only a limited number of studies
about epidemiology of psychosis among the
elderly. In a study done by Christenson et al. in a
community sample of elderly individuals in San
Francisco, the investigators found that 17% of
those rated as psychiatrically impaired had symp-
toms of suspiciousness and 13% had delusions
[36]. When the entire sample was considered,
2.5% showed suspiciousness, and 2% had para-
noid delusions. In the community-based elderly
population, the prevalence of generalized persecu-
tory ideation was 4%. There were no significant
differences in age, sex, race, or education between
individuals who exhibited persecutory ideations
versus those who did not exhibit these symptoms.
Sensory and cognitive impairments appeared to be
significant risk factors for developing persecutory
ideations in this study.

According to Meesters et al., the estimated pro-
portion of individuals developing schizophrenia
after the age of 40 years is thought to be 23.5%
[37]. On a lifetime basis, the risk of developing
schizophrenia for men relative to women is esti-
mated to be 1.32. In this study, the estimated
1-year prevalence of all disorders (schizophrenia,
schizoaffective disorder, or delusional disorder)
was 0.71%. The prevalence was 0.55% for schizo-
phrenia, 0.14% for schizoaffective disorder, and
0.03% for delusional disorder. Estimated preva-
lence of schizophrenia in women aged 60—79 years
was higher than in women aged 80 years and
older. Estimated prevalence of schizophrenia was
higher in women than in men for age groups
60-69 years and 70-79 years. Delusional disorder
was found only in women aged 70 years and
older. With regards to age of onset, the estimated
I-year prevalence of late-onset schizophrenia
(LOS) was 0.14% and that of very late-onset
schizophrenia (VLS) was 0.05%. Among indi-
viduals aged 40 years or older who developed
schizophrenia, 76.5% were women. This figure
rose to 92.9% for those individuals who devel-
oped symptoms of schizophrenia after 60 years of
age. Delusional disorder was found only in
women aged 40 years or older at onset. Individuals
with LOS have better premorbid social function-
ing and display less executive impairment and
higher levels of everyday functioning. Also, affec-
tive flattening and social withdrawal were reported
to be less prominent in LOS individuals.
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A study by Ostling and Skoog reported that the
prevalence of psychotic symptoms in the elderly
might be underrated because of reluctance to
report psychotic symptoms [38]. In a study of
non-demented individuals aged 85 years living in
a community or in institutions in Gothenburg,
Sweden, psychotic symptoms were identified in
10.1% of the individuals. Hallucinations were
seen in 6.9% of the participants, delusions in
5.5%, and paranoid ideations in 6.9%. Individuals
with hallucinations had an increased frequency
of depressed mood, anxiety, irritability, suicidal
ideation, and paranoid personality traits. These
symptoms were often associated with major
depressive syndrome, disability in daily life, and
visual deficits. Individuals with delusions had an
increased frequency of depressed mood, blunted
affect, and paranoid personality traits and were
associated with disability in life. Individuals with
paranoid ideation had an increased frequency of
depressed mood, irritability, and paranoid per-
sonality traits and were associated with visual
deficits and myocardial infarction. Among indi-
viduals with hallucinations or delusions, 20.0%
were prescribed neuroleptics, 17.1% antidepres-
sants, 22.9% anxiolytics or sedatives, and 37.1%
any psychotropic drug. No individuals with para-
noid ideation without concomitant hallucinations
or delusions were prescribed neuroleptics. The
3-year mortality rate was increased in women
with hallucinations (40.0%) and paranoid ide-
ations (36.8%) when compared to women with-
out these symptoms. Hallucinations, delusions,
and paranoid ideation were not associated with
mortality in men. In addition, hallucinations,
delusions, and paranoid ideation were each
related to an increased 3-year incidence of
dementia from 85 to 88 years. Sensory impair-
ments were associated with late life psychosis
and paranoid symptoms.

The study by Ostling et al. on cognitively
intact individuals aged 70 and above found that
the cumulative incidence of psychotic symptoms
during the 3.6-year follow-up period was 4.8%
[39]. The incidence rate for schizophrenia was
0.03/1000 person-years and for delusional disor-
der was 0.16/1000 person-years. The investiga-
tors found a double mortality risk in individuals
aged above 70 years with psychotic symptoms at
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baseline during the 3.6-year follow-up period. In
this study 8% of non-demented 70-year-olds
developed first-onset psychotic symptoms during
a 20-year follow-up period. There were no signifi-
cant sex differences in the incidence of first-onset
psychotic symptoms in the study. The cumulative
incidence for hallucinations and delusions among
individuals with probable Alzheimer’s disease
was 51% in 4 years. Hallucinations were in most
cases visual. Delusions were related to an
increased risk for developing dementia at a later
time period. Approximately 60% of individuals
with hallucinations, 30% with delusions, and 45%
of those with any psychotic symptom developed
dementia.

Conclusions

Epidemiology of psychiatric disorders in late life
indicates that with the exception of cognitive dis-
orders, these disorders are more common among
younger adults. Cognitive impairment is the most
prevalent diagnostic category followed by anxiety
disorders among older adults. The prevalence of
dementia is noted to increase with age.
Alzheimer’s disease is the most common form of
dementia. The rate of conversion of mild cogni-
tive impairment to dementia is approximately
10—15% per year. Phobias and affective disorders
are more common among elderly women, and
substance use disorders are more common among
elderly men. Phobia is the most common anxiety
disorder among older adults. Depression is a com-
mon psychiatric disorder in late life, and it is more
prevalent among females and Caucasian and
Hispanic races. Psychotic symptoms are uncom-
mon among the elderly but are often seen in indi-
viduals with dementia especially women. The
most common psychotic symptoms are visual hal-
lucinations and persecutory delusions. Alcohol
use disorders are more common in elderly men,
and its rate of onset decreases with age. Illicit
drug use appears to be rare among the elderly. The
elderly also have higher rates of suicides espe-
cially among older Caucasian men. Knowledge of
epidemiologic data regarding psychiatric illness
among the elderly can aid in the appropriate plan-
ning and treatment of these disorders.
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Culture and Gender

Brandon C. Yarns

Introduction

Culture is defined as “the integrated patterns of
human behavior that include the language,
thoughts, communications, actions, customs,
beliefs, values and institutions of racial, ethnic,
religious or social groups” [1]. Thus, culture can
be thought of as a complicated term which incor-
porates many facets of human experience and
applies broadly to a variety of different social
groups. For example, veterans may be considered
as a cultural group which struggles with health
disparities resulting from posttraumatic stress
disorder, depression, and substance abuse [2].
The smallest unit of culture in any society is the
culture of individual families, wherein a family’s
culture may, for example, promote or limit
options for its female members [3]. The American
Psychological Association, in a 2009 report on
multicultural competency for older adults, called
for age itself to be considered as having cultural
ramifications, given that cohorts of different ages
had exceptionally different experiences and life
events, attitudes, and values [1].

The DSM-5 states that, “mental disorders are
defined in relation to cultural, social, and familial
norms and values. Culture provides interpretive
frameworks that shape the experience and expres-
sion of the symptoms, signs, and behaviors that
are criteria for diagnosis. Culture is transmitted,
revised and recreated within the family and other
social systems and institutions” [4]. The field of
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cultural psychiatry is aimed at “the comparative
study of mental health and mental illness among
different societies, nations and cultures and the
interrelationships of mental disorders with
cultural environments” [5]. Thus, culture has
been a central focus in the diagnosis and treat-
ment of mental disorders for some time.

As a result of the importance of considering
culture in providing health and mental health ser-
vices, the US Department of Health and Human
Services Office of Minority Health calls for cul-
tural and linguistic competence or “a set of con-
gruent behaviors, attitudes and policies that come
together in a system, agency or among profes-
sionals that enables effective work in cross-
cultural situations” [1]. Given the broad definition
of what may account for cultural situations, a
geriatric mental health provider who strives for
“cultural competence” may, therefore, consider
the many ways in which a patient’s culture differs
from their own.

Acknowledging the broad definitions of cul-
ture, cultural psychiatry, and cultural compe-
tence, the remainder of this chapter describes
some of the important disparities in geriatric
mental health and mental health care evident
when considering three specific categories of cul-
tures—race/ethnicity, gender, and sexual minor-
ity status—and provides recommendations for
geriatric mental health providers to become more
culturally competent in working with these
unique groups of older adults.
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Racial/Ethnic Geriatric Mental
Health Disparities

For more than two decades, racial/ethnic minor-
ity elders have represented the fastest growing
segments of the aging population of the United
States [6]. Prevalence rates of psychiatric disor-
ders tend to be similar or lower in ethnic minority
elders when compared to their White counter-
parts, although access to and utilization of mental
health services is significantly less in minority
elders than among Whites [7].

Several studies have been conducted which
evaluate the prevalence of psychiatric diagnoses
across ethnically diverse older adults based on
data from the National Institute of Mental
Health’s Collaborative Psychiatric Epidemiology
Surveys (CPES) [7-11]. CPES combined data
from three multistage area probability samples
with a common set of objectives and instrumen-
tation: data for older non-Latino Whites in the
National Comorbidity Survey Replication, older
African Americans and Afro-Caribbean older
adults from the National Survey of American
Life, and Latino and Asian American older adults
from the National Latino and Asian American
Study [11]. Twelve-month and lifetime psychiat-
ric diagnoses were determined using the World
Mental  Health  Composite  International
Diagnostic Interview [11].

In these studies, older Asian American, African
American, and Afro-Caribbean respondents exhib-
ited lower lifetime rates of depression and anxiety
diagnoses than among older non-Latino Whites,
although no differences were found in 12-month
diagnoses. However, older Latinos had the same
lifetime rates of depression and anxiety diagnoses
as older non-Latino Whites and had higher
12-month rates of depressive disorders than non-
Latino Whites. The authors of one study concluded
that previously described “protective effects of eth-
nicity” may not extend in all ethnicities, particu-
larly among Latinos, into old age [7].

Similarly, the Aging, Demographics, and
Memory Study (ADAMS) , which included a
population-representative sample drawn from the
larger Health and Retirement Study, found that
among ADAMS participants aged 71 years and
older, non-Latino Whites and Latinos had nearly
three times the prevalence of depression as
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African Americans measured with the Composite
International Diagnostic Interview—Short Form
and the informant depression section of the
Neuropsychiatric Inventory [12].

Another interesting finding is the effects of
“nativity” or the distinction between US-born
and immigrant populations. Although there were
no significant differences in the aggregate cate-
gories of psychiatric illness according to nativity,
immigrant Latinos and Asian Americans had
higher rates of some individual disorders, such as
generalized anxiety disorder, than their US-born
counterparts [7].

In a small study of depression rates in home
health-care nurse depression assessment, rates of
positive depression screening using the Patient
Health Questionnaire 2-item were also lower
among older African Americans and Latinos than
older non-Latino Whites; however, when two key
clinical indicators from the patients’ charts were
included in analyses, preexisting depression
diagnosis, and presence of antidepressant medi-
cation on patient medication lists, African
Americans had significantly more positive
screens when compared with older non-Latino
Whites and Latinos [13]. The authors concluded
that special attention should be applied to diag-
nosing depression in African Americans with
depression risk factors [13].

In spite of these findings of lower rates of
depression and anxiety among some ethnically
diverse elders, a 2009 study using data from the
California Health Interview Survey revealed that
African American, Asian American, and Latino
elders in California were significantly more
likely to have mental distress than non-Latino
Whites (21.2-24.2% vs. 14.4%) and had signifi-
cantly higher prevalence of serious mental illness
(4.1-7.7% vs. 2.5%) [14].

Ethnic minority elders also have poorer access
to mental health services than non-Latino
Whites. In a study of depression treatment
among older ethnically diverse home health-care
patients, the odds of receiving an antidepressant
among those who screened positive for depres-
sion were lower for African Americans and
Latinos when compared to non-Latino Whites
[15]. In the aforementioned study using data
from the California Health Interview Survey,
African American, Asian American, and Latino
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older adults had worse access to mental health
services even after adjusting for health insurance
status [14].

Because of these lower rates of access and
utilization of geriatric mental health-care ser-
vices, it is important to understand the cultural
beliefs and mental health treatment preferences
of ethnic minority elders in order to best pro-
vide culturally competent geriatric mental
health care. In a study of cultural beliefs and
mental health treatment preferences among eth-
nically diverse older adults who participated in
the Primary Care Research in Substance Abuse
and Mental Health for the Elderly (PRISM-E)
randomized trial of integrated care versus refer-
ral, older African Americans tended to view
mental illness as caused by the loss of family or
friends, stress over money, and stress or worry
in general than non-Latino Whites [16]. Older
African Americans and Asian Americans were
also less willing to speak to psychiatrist or psy-
chologists than older non-Latino Whites,
although Latinos were more willing to speak to
a psychologist and less likely to speak to a med-
ical doctor than non-Latino Whites [16].
Finally, older African Americans preferred
more for their health-care providers to under-
stand their culture when compared to non-
Latino Whites, and older Asian Americans
preferred more for their health-care providers
to be of the same racial/ethnic group [16].

In a follow-up study, older PRISM-E patients
completed the Substance Abuse and Mental
Health Services Administration Mental Health
and Alcohol Abuse Stigma Assessment. This
assessment found that no significant differences
in shame or embarrassment at having a mental
illness were observed between older African
Americans and non-Latino Whites, but older
Asian Americans and Latinos felt significantly
more shame or embarrassment with regard to
having a mental illness than did non-Latino
Whites [17]. Older Asian Americans also stated
they had greater difficulty engaging in mental
health treatment if others knew, were less com-
fortable in speaking with their primary care pro-
viders about mental health issues, and had greater
difficulty seeking mental health treatment in spe-
cialty mental health clinics. However, older
African Americans and Latinos expressed greater
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comfort in speaking with primary care providers
and mental health professionals than older non-
Latino Whites [17].

Studies also have been conducted to determine
ethnic differences in the experience of dementia
diagnosis across immigrants in the United States
and the United Kingdom [18, 19]. While many
similarities exist, African American caregivers
noted special concerns about racism, while
Latino caregivers worried about their loved ones’
institutionalization, and Chinese caregivers
reported concerns that the stigmatization associ-
ated with mental illness in their culture may
extend to dementia as well [19].

Gender Geriatric Mental Health
Disparities

Most evidence on gender disparities among older
adults have been derived from studies of depres-
sion. Although some epidemiological studies
have found depression to be more common in
women across age groups, older women may
have rates closer to those of older men [12, 20].
Using data from the National Comorbidity Study
Replication, a nationally representative study of
the epidemiology of psychiatric disorders in the
United States, among those 65 years and older,
women had higher lifetime and 12-month preva-
lence rates than men for all psychiatric disorders,
24% vs. 16.7% and 12.6% vs. 2.9%, respectively
[21]. However, in the Aging, Demographics, and
Memory Study, prevalence of depression was
similar for older men (10.19%) and older women
(11.44%) [12].

Men have significantly lower rates of correct
depression identification and lower rates of treat-
ment when compared to women. In two studies
of depression diagnosis in primary care settings,
depression in older men was less likely to be rec-
ognized than depression in older women [22, 23].
In a survey of 9585 adults from 60 US communi-
ties, clinically depressed older men had signifi-
cantly lower rates of treatment when compared to
older women [24]. Older men also have signifi-
cantly higher rates of completed suicide than
older women (31.8 per 100,000 in men age
65 years and older when compared to 4.1 per
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100,000 in older women), emphasizing the criti-
cal importance for correct identification and
treatment of depression in older men [25].

Studies have investigated potential causes for
depression due to gender disparities. In particular,
men have been identified as having more negative
attitudes toward help-seeking for mental health
services, lower disclosure rates of depressive
symptoms, lower rates of health service utiliza-
tion, and more “atypical” presentations of depres-
sion [26-29]. In a mixed-method investigation of
gender disparities in IMPACT, older men were
significantly less likely to be referred to IMPACT,
to endorse core depressive symptoms, and to have
had prior depression treatment when compared to
older women, and qualitative themes identified as
important contributors to these disparities included
differences in how men experienced and expressed
depression, traditional masculine values, and the
stigma of mental illness [20]. In a survey of elderly
Korean Americans, living alone was significantly
correlated with depressive symptoms and suicidal
ideation in men but not in women, whereas living
in a multigenerational family without a spouse and
having a lower household income were signifi-
cantly associated with poorer mental health in
both men and women [30].

Apart from depression disparities, there is evi-
dence that men’s brains may lose gray matter
faster as they age when compared to women,
which may increase the likelihood in men versus
women of functional consequences such as cog-
nitive impairment and dementia [31, 32].
Nonetheless, incidences of dementia in men and
women have been shown to be similar in several
large epidemiologic studies [33-36]. Since
women tend to live longer on average than men,
a larger portion of women than men have
Alzheimer’s disease and dementia overall [37].

Finally, predictors for mild cognitive impair-
ment (MCI) differ between older men and older
women. In a study of Malaysian older adults,
hypercholesterolemia, age, ethnicity, and total
years of education predicted MCI in men, but in
women, MCI was best predicted by married sta-
tus, less exercise, and higher weight [38]. The
authors concluded that special care should be
taken by geriatric mental health-care providers to
evaluate gender-specific risk factors in older men
and women [38].
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Lesbian, Gay, Bisexual,
and Transgender Geriatric
Mental Health Disparities

The Centers for Disease Control and Prevention
in their landmark report The State of Aging and
Health in America 2013 announced a call for
action to address lesbian, gay, bisexual, and
transgender (LGBT) aging and health issues as
LGBT elders continue to have higher levels of
illness, disability, and premature deaths [39].
Additionally, aging services and the health needs
of LGBT elders are often not adequately
addressed in policies, research, and services.

A recent review article estimates that the cur-
rent population of older LGBT adults in the USA
numbers close to 1 million [40]. This was based
in part on a Gallup Poll in which 2% of individu-
als 65 years and older were identified as
LGBT. The authors note that the 2% in the Gallup
Poll may be an underestimate of the true popula-
tion of older LGBT adults, given that poll and
survey respondents need to ensure that they feel
safe in order to report their gender identities and
sexual orientations [40].

Cohort differences may be especially impor-
tant when considering the mental health of older
LGBT adults because of the rapid changes in
social attitudes toward LGBT individuals that
have occurred in the late 20th and early 21st cen-
turies. The findings from Caring and Aging with
Pride, a population-based survey which investi-
gated the disparities and resilience among over
2000 LGBT older adults, indicated that the rates
of victimization and internalized stigma were
higher for LGBT respondents aged 80 years and
older when compared to those aged 50-79 years
[41].

Until recently, very little empirical evidence
existed on the prevalence of psychiatric disorders
in the older LGBT population. The Institute of
Medicine Report, The Health of Lesbian, Gay,
Bisexual, and Transgender People: Building a
Foundation for Better Understanding, summa-
rizes data on the topic prior to 2011 [42]. Since
then, a population-based survey of LGBT elders
in the USA, Caring and Aging with Pride, and a
YouGov survey in the United Kingdom compar-
ing older LGBT and heterosexual individuals



3 Culture and Gender

have both shown that the rates of depression,
anxiety, suicidal ideation, and alcohol and sub-
stance misuse were as much as two to three times
higher among older LGBT respondents when
compared to older heterosexual respondents or
age-matched population norms [41, 43]. In the
US survey, rates of anxiety, depression, and men-
tal distress were highest among the transgender
respondents, and 71% of transgender elders
reported a lifetime history of suicidal ideation
[41]. Among the respondents with a history of
suicidal ideation, 39% reported that they had
become suicidal in relation to their sexual orien-
tation or gender identity [41].

Although no surveys have been completed
specifically to investigate disparities in health-
care access and utilization in older LGBT indi-
viduals, disparities in access and utilization were
noted among men and women in the same-sex
relationships across age groups in a study using
data from the 2000 to 2007 iterations of the
Behavioral Risk Factor Surveillance System
[44]. The study found that men and women in
same-sex relationships were less likely to have
health insurance and more likely to report unmet
medical needs than men and women in opposite-
sex relationships; women in same-sex relation-
ships were also less likely to have had a checkup
within the last year and less likely to have had a
recent mammogram or Pap test, although men in
same-sex relationships were more likely to have
had a checkup in the past year [44].

“Coming out,” a developmental process for all
LGBT individuals in which one’s sexual orienta-
tion or gender identity is realized internally and
then disclosed to others, has been emphasized as
a significant stressor for older LGBT individuals
who must often repeatedly come out to health-
care providers and caregivers as they age [40].
Concerns among gay and lesbian caregivers of
individuals living with dementia identify the lack
of cultural competence of health-care service
providers as a major concern, and caregivers of
gay and lesbian seniors in Canada also point to
concerns about anticipated discrimination and
the complex process of coming out in health-care
situations [45, 46].

In spite of these concerning findings, there is
also some evidence that older LGBT individuals
have many strengths and resilience factors and
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that many are aging successfully. Physical and
mental health quality of life using the Short Form
8-item were investigated among older LGBT
respondents in the US population-representative
Caring and Aging with Pride study, and many
older LGBT adults had high physical and mental
health quality of life [47]. In a subsequent edito-
rial, the lead investigator of Caring and Aging
with Pride noted that despite disparities, most
LGBT elders are aging well [48].

Understanding basic terminology may be a
good start for geriatric mental health providers
who want to reduce disparities and promote suc-
cessful aging by becoming more culturally com-
petent in caring for older LGBT patients. Sex is
assigned at birth and refers to one’s biological
status as male or female and is associated primar-
ily with physical attributes such as chromosomes,
hormones, and anatomy. Gender refers to socially
constructed roles, behaviors, and attributes that a
given society sees as appropriate for men versus
women [49]. Gender identity refers to one’s per-
sonal sense of being male, female, or something
else; cisgender is used to describe an individual
whose sex and gender identity are the same,
whereas transgender describes an individual
whose gender identity conflicts with biological
sex [49].

In contrast, sexual orientation refers to the
nature of emotional and sexual attraction for oth-
ers; one is said to be homosexual if one is primar-
ily attracted to members of the same sex, whereas
one is said to be heterosexual if one is primarily
attracted to members of the opposite sex; indi-
viduals who have attractions to members of both
sexes are bisexual [50]. Both cisgender and trans-
gender individuals may be homosexual, hetero-
sexual, or bisexual [40].

Conclusions

“Culture” refers broadly to an array of character-
istics which define various social groups. In order
to provide high-quality mental health care, a geri-
atric mental health-care provider should be sensi-
tive to the many ways in which an older patient’s
culture may differ from their own. Research
points to certain geriatric mental health and
health-care disparities which exist among certain
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racial/ethnic groups, between older men and older
women and in sexual minority populations. Older
African Americans and Asian Americans may
have lower rates of depression and anxiety than
older Latinos and non-Latino Whites, but racial/
ethnic minority groups tend to have poorer access
to and utilization of geriatric mental health-care
services compared to non-Latino Whites. Rates of
depression may be higher in older women than in
older men, although epidemiologic evidence is
mixed, but older men tend to receive less correct
identification of depression and less appropriate
treatment for depression when compared to older
women. LGBT elders have higher rates of depres-
sion, anxiety, alcohol and substance misuse, and
suicidal ideation than their heterosexual counter-
parts, with older transgender individuals having
the highest rates of all. Cultural competence in
geriatric mental health-care providers has been
cited repeatedly in studies as something that older
adult minorities want and expect from those tak-
ing care of them.
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Introduction

Advances in medicine and societal trends con-
tributing to an increasing lifespan and declining
fertility rate are two significant factors that con-
tribute to the growing population of aging indi-
viduals [1]. The aging population is predicted to
continue to grow and potentially accelerate, with
people ages 65 and older predicted to soon out-
number children under 5 years old for the first
time in known history [2]. Other trends in aging
include females having an average longer lifes-
pan than males but being in poorer health [1].
While it is now known that individuals can sus-
tain health and independence into old age, it is
also known that the prevalence of dementia, par-
ticularly Alzheimer’s dementia, increases with
age [1]. The risk of developing Alzheimer’s
dementia doubles every 5 years after age 65 [1].
There are differing thoughts on whether the prev-
alence of disability will increase or decrease with
the expanding aging population. One idea refers
to a “compression of morbidity” or that the
occurrence of physical or mental disability will
decrease as the average lifespan increases [1].
This is contrasted with the idea that, as lifespan
increases and medical advancements manage
chronic diseases, the prevalence of disability will
increase as the degree of disability decreases [1].
Alzheimer’s dementia is particularly associated
with a range of disabilities [1]. Greater disability
is likely to be associated with a greater need for
caregiving, which traditionally has included fam-

ily members and, more recently, social entitle-
ment programs such as Social Security and
Medicare [3].

Family and Community
Supports

Caregiving for the aging population may include
community support, assisted living, residential
living, medical care through nursing, and pro-
longed hospital stays [1]. Caregiving also pro-
vides support for physical or cognitive
impairment that ranges from moderate difficul-
ties to more significant loss of functioning and
independence [1]. It is estimated that 52 million
adults in the United States, or one in three adults,
voluntarily provide care to disabled family or
friends without receiving compensation [4].
Recent changes and trends in social structure
play a role in anticipated changes in both the
aging and caregiving populations. People are
now moving to cities and presumably benefitting
from more available resources than what metro-
politan areas can provide [1]. Rapidly developing
technology and the globalization of the economy
are impacting people of all ages and generations
[1]. There is evidence that suggests that remain-
ing individuals who are active in the workplace
maintain their cognitive functioning [1].
However, as a result of an increased life expec-
tancy, a greater proportion of one’s life is likely
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to be spent in retirement, resulting in a greater
burden on some social entitlement programs [2].
Females who are not married are less likely than
unmarried males to have assets or pensions,
while males have less propensity to maintain
social networks [2].

In addition to changes in the demographics of
the population, changes in the family structure, a
significant provider of care for the aging popula-
tion, are occurring as well [1]. With people liv-
ing longer and having fewer children, there are
more likely to be a greater number of genera-
tions made up of fewer members [1] and there-
fore fewer family members able to care for the
aging population. Negative aspects of this trend
impact both caregiving families and older indi-
viduals, who mutually benefit from sharing
resources and supports [1]. Despite these
changes, family and friends not only provide
approximately 75% of care given to Americans
with Alzheimer’s dementia, who remain at
home, but they also are the main purchasers of
the remainder of services needed [3]. The most
common caregiver for adults with dementia is
usually a single individual who is most likely to
be a spouse [3]. The next most common caregiv-
ers are typically adult children, with daughters
and daughters-in-law more likely to spend time
caregiving [3].

The trends discussed in the earlier paragraph
have been found to be happening at a faster pace
than in the past [1]. In the concept of successful
aging, the goal is to keep the aging individual in
the community as long as possible. Rowe and
Kahn [5] describe successful aging as maintain-
ing a low probability of disease and associated
disability with a high cognitive and physical
functional capacity and an active engagement
with life. Maintaining a low probability of dis-
ease requires maintaining few disease risk factors
and diseases [5]. Active engagement in life
describes the maintenance of relationships with
others through a mutual transferring of informa-
tion, emotional support, and assistance [5]. It also
includes maintaining activities that have value to
society [5]. Active engagement is important as
isolation is found to be a risk factor for negative
health consequences, and the emotional and
instrumental support of others can have positive
effects on health [5].
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One Canadian study found successful aging is
associated with marriage, a university-level edu-
cation, income, regular alcohol use, never smok-
ing, exercising regularly, taking calcium
supplements, perceiving themselves as having
better health, and satisfaction with life [6]. This
study further found that achieving successful
aging decreases with age [6]. Predictors specific
for maintaining cognitive ability included educa-
tion, strenuous activity around the home, peak
pulmonary flow rate, and one’s own perceived
self-efficacy [7]. Individuals living with either a
significant other or children are associated with
having the highest levels of functioning, while
single adults living with non-relatives have the
lowest [8]. Not surprisingly, remaining active in
the community and in relationships as well as
maintaining activities of daily living (ADLs) and
instrumental activities of daily living (iADLs)
can contribute to longer periods of functioning
and decrease the likelihood of entering a nursing
home to receive care [8]. Common comorbidities
in dementia that impact successful aging include
depression, which affects between 20% and 24%
of the individuals [9, 10] with dementia. The
Health and Retirement Study also found an asso-
ciation between an individual’s connections with
family and their economic status, depression sta-
tus, and health advantages [8]. Families and other
resources help keep the aging population in the
community.

By providing physical and emotional support,
caregivers support successful aging and indepen-
dence. Caregivers are often a strong source of
collateral information and provide insights
regarding behavioral and functional changes that
they have observed at home. Additionally, they
typically bear the responsibility to implement
treatment interventions that family members with
disabilities are requiring. This involvement is
crucial for the appropriate diagnosis and treat-
ment of patients with disabilities, including
dementia. Anecdotal reports point to dementia
care as the most stressful type of family caregiv-
ing, and the demands of the caregiver can lead to
negative impacts on the entire family [11].
National organizations (American Association
for Retired Persons (AARP) and the National
Association for Caregiving) support this report
with findings that indicate dementia caregivers
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provide more assistance and have more associ-
ated stress including work-related difficulties and
having to give up more vacation, hobbies, and
family time [12]. However, it is known that care-
giving can be akin to a severe, long-term chronic
stressor with effects dependent on degree of
physical and cognitive impairment, frequency of
problem behaviors, and length and intensity of
caregiving provided [13].

Caregiver Stress

Effects of caregiving on individuals can be mea-
sured and examined by the amount of psycho-
logical distress, psychiatric and physical
morbidity, and impact of reduced work hours or
leaving the workforce on the economy [14, 15].
These effects are also moderated by the caregiv-
er’s gender, personality, coping skills, relation-
ship to the care recipient, economic status, and
the availability of supportive resources [13, 16,
17]. Caregivers of patients with dementia are at
risk for developing depression, anxiety, and
dementia, especially the female caregivers [13,
17-20]. Caregivers are also more likely to have
an increased risk of illness [21, 22] and mortality
[23] and to take fewer preventative health mea-
sures [19]. They may have a less robust immune
response [18, 21, 24], greater cardiovascular
reactivity [25], and slower wound healing [26].
Furthermore, the relationship between the care-
giver and the recipient declines in the context of
a caregiving relationship [3].

Addressing caregiver’s modifiable factors can
lower the risk of negative outcomes that are
directly related to caregiving. Examples of these
modifiable factors include providing an age-
friendly environment, support networks within
the community, and coping skills for caregivers.
Ideal age-friendly environments would take into
consideration health, communication, transporta-
tion, labor, housing, safety, and long-term care
[27]. Providing sufficient coping strategies for
caregivers will not only help reduce stress for the
caregiver but could also improve the quality of
life of the patient. Caregivers have to adjust to
changes that they may not have anticipated
including a care recipient’s cognitive impair-
ments, behavioral problems, increased need for
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physical assistance, and navigating a complicated
healthcare system. Individual and community
interventions that utilize a broad range of inter-
ventions have been shown to be more effective
than targeting only caregiver knowledge about
caregiving and social support resources. These
interventions include addressing “individual or
family counseling, care management, skills train-
ing, environmental modification and behavioral
management strategies” [3]. Providing diverse
services and addressing multiple stressors have
been shown to improve support for caregivers
and occasionally patient symptom severity in
individuals with dementia. These strategies could
be applicable to the challenges all caregivers face
when dealing with aging family members. When
these services are not available, case studies have
found that single interventions have greater
impact if they are implemented with higher fre-
quency and for longer duration [3].

One dementia caregiver intervention trial
termed the Resources for Advancing Alzheimer’s
Caregiver Health tested several different social
and behavioral interventions. The results across
different sites and different interventions consis-
tently showed that interventions that targeted
behavior skills training “had the greatest impact
in reducing caregiver depression” [28].

Caregivers have daily contact with clients
and are often the best sources of information
regarding effectiveness of interventions. They
are also the ones most likely to be implement-
ing treatments and behavioral interventions, so
supporting them is vital to the success of the
patient’s care. The best outcomes are likely to
arise from the involvement of caregivers and
patients rather than treating either one alone.
Since clinicians have direct contact with family
and patient, they are essential in helping coor-
dinate non-pharmacological treatment plans.
For instance, they can assist in recruiting other
family members to help with caregiving to help
alleviate the burden on a single family member.
Clinicians can assess the needs of the family
and patient to be able to provide the most
appropriate individualized care. Referrals for
case management or instructions on how to
access local resources would be very impactful
for families that are not aware of resources in
the community.
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Guidelines published by the American Medical
Association (AMA) and American Psychiatric
Association (APA) attempt to address these con-
cerns and advocates for stronger caregiver sup-
port and partnerships. The AMA has produced a
Caregiver Self-Assessment Tool to help provid-
ers identify the most vulnerable caregivers and
begin to implement support networks [29].

Age-Friendly Environments

Ideal age-friendly environments would take into
consideration health, communication, transporta-
tion, labor, housing, safety, and long-term care
[27]. Having such support promotes greater adap-
tation to negative incidents [30]. The AARP and
WHO have gathered multiple community initia-
tives that contribute to environments that foster
healthy aging and provide adequate accommoda-
tions. These ideals focus on prohibiting barriers to
accessible community resources to support inde-
pendence and successful aging. These may
include wheelchair-accessible pavements and toi-
lets, lower curb height, and safe and accessible
public seating and transportation, all well-marked
and well-lit with visual and audio cues [27].
Benefits of maintaining environments where
elderly people are mobile and have access are
numerous. Financially, institutional care is sig-
nificantly more expensive than care in the com-
munity. By allowing older adults to be
geographically mobile, it increases their ability
to remain engaged with their own community.
As people age, they begin to have physical and
sensory limitations that may prohibit them from
driving. Implementing resources that make it
easier to move around will reduce isolation and
increase community involvement. Without cer-
tain community accommodations, older adults
would struggle to be adequately mobile and
independent. Ultimately this may result in older
adults having to leave their communities to gain
these important support systems elsewhere,
such as through assisted care facilities.
Placement into nursing homes has been associ-
ated with reduced quality of life and increased
risk of mortality for older individuals. It can also
increase distress felt by family members that pro-
vide care for these older adults [31]. Allowing
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elderly to stay within the communities allows
them to interact as neighbors and volunteers, thus
enabling them to make positive contributions to
the community around them. Appropriate hous-
ing that is safe and affordable is also vital to
building age-friendly cities. By allowing people
to age safely and be comfortable in their commu-
nity, it enables them to stay independent at their
home for longer time period.

Disaster Management

Older adults can be at higher risk for poor out-
comes during disasters because of vulnerabili-
ties that come with aging. Circumstances that
can occur during a disaster can worsen chronic
conditions and increase long-term morbidity.
With age comes a higher likelihood of physical
impairments and mobility restrictions. More
than half of adults have a functional limitation
that contributes to this increased vulnerability
[32]. Loss of medications during a disaster
period can increase the likelihood of conditions
relapsing and resulting in bad outcomes. Lack of
clean food and water and exposure to extreme
temperatures and to infection affect all age
groups, but their effects to the vulnerable elderly
can be devastating. Chronic medical conditions
and mental functioning can result in reduced
information processing capabilities and sensory
awareness. Social support systems are often
restricted in this age group by limited family net-
works and geographic isolation from direct fam-
ily contact. Elderly individuals are often retired
or unemployed and have a fixed financial income
that limits their ability to afford last minute
travel, housing expenses, or medical treatment
that would assist them in disaster situations.

In addition to recommendations that can help
assist all age groups in disasters, there are some
specific things that can be done for the elderly
population that can minimize adverse events.
These recommendations include [32]:

e Having stock supplies of ready to eat food,
water, and batteries for emergency

* Having an evacuation plan for people and for
pets

» Having a personalized emergency plan
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e Having a personalized list of medications,
doctors, and pharmacies

* Having a photocopy of prescriptions to make
it easier to get refills in another location

e Having a preidentified meeting place for
families

e Having the identity of shelters and special
needs shelters to use if needed

The above recommendations are ways to help
prepare this population during a disaster to lessen
the negative impact these unexpected situations
can cause.

Conclusion

Aging and caregiving can be very isolating, and
without proper support, it can negatively impact
the quality of life of both the older individual and
their caregivers. Incorporating community and
family involvement has been shown to have posi-
tive impacts on the health and quality of life of
both the elderly as well as their caregivers. Taking
care of the elderly should include exposing
patients and their families to local and national
organizations that can help provide the best care
for the elderly population.
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Introduction

Available data indicates that the population of
individuals 65 years and older in the United
States will grow from 46.2 million or 14.5% of
the total population to roughly 21.7% of the US
population by 2040 [1]. As the population ages,
the total healthcare costs escalate, and this results
in a greater burden on an already strained health-
care system [2]. To minimize the healthcare
costs, the use of available resources should be
closely monitored. In this chapter we review
important aspects of Medicare and Medicaid and
also recent policies and legislation that clinicians
caring for older adults with psychiatric disorders
should be aware of so as to improve the care of
their patients.

Medicare and Medicaid

Medicare and Medicaid are the two major payers
for healthcare among older adults [3]. These two
major healthcare programs were signed into law
on July 30, 1965. The Medicare Modernization
Act (MMA) that was signed into law by President
George W. Bush on December 8, 2003 added an
outpatient prescription drug benefit to Medicare.

In 2010, President Obama signed the
Affordable Care Act which created a national
Medicaid minimum eligibility level of 133% of
the federal poverty level (FPL) for nearly all
Americans who were <65 years in age [4]. In

2016 President Obama signed into law the
Twenty-First Century Cures Act that expedites
the discovery, development, and delivery of new
treatments and cures so as to maintain America’s
global status as the leader in biomedical innova-
tions [5].

Medicare

Medicare provides health insurance programs for
the following individuals [6]:

1. Individuals >65 years

2. Individuals <65 years with certain types of

disabilities

Individuals of all ages with disabilities

4. Individuals of all ages with end-stage renal
disease

hed

Medicare programs are divided into three
parts:

Medicare Part A: It is the hospital insurance
program that covers inpatient care in hospitals. It
includes care in critical access hospitals and
skilled nursing facilities. Part A also covers hos-
pice care and some home healthcare, but it does
not cover custodial or long-term care. It is paid
for by individuals from their payroll taxes while
working, and hence no premiums have to be paid.

Medicare Part B: This plan covers physician
services, outpatient care, physical and occupa-
tional therapy services, and some home health-
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care when deemed medically necessary. It also
pays for medical supplies when necessary. The
funds for Part B are levied as monthly premiums
from individuals.

Medicare Part C (Advantage Plan): This is
an insurance plan where individuals pay a
monthly premium to buy drug plans from private
companies. Beneficiaries may have to pay a pen-
alty if they decide not to enroll in a drug plan
when they are first eligible but choose to join
later.

Medicare Part D Coverage Gap Discount
Program: Manufacturer discounts on covered
Part D drugs are made available to eligible bene-
ficiaries while in the coverage gap with this
program.

The Centers for Medicare & Medicaid Services
which is a branch of the Department of Health
and Human Services runs the Medicare Program.
Medicare is funded by two trust funds, the
Hospital Insurance (HI) Trust Fund and
Supplementary Medical Insurance (SMI) Trust
Fund. Medicare spending as of 2014 was $618.7
billion [7].

Medicaid

Health coverage to nearly 69 million Americans
is provided by Medicaid [8]. It is the single larg-
est source of health coverage in the United States.
Medicaid provides healthcare coverage for chil-
dren, pregnant women, parents, and seniors and
to individuals with disabilities. It is funded jointly
by the federal and the state governments.
Medicaid programs are established and adminis-
tered by each state. The states using broad federal
guidelines determine the type, amount, duration,
and scope of the Medicaid services. The federal
government however requires the state govern-
ments to cover certain mandatory benefits.
Mandatory benefits include services like inpa-
tient and outpatient hospital services, physician
services, laboratory and x-ray services, and home
health services. The states can then choose to
provide additional/optional benefits. These addi-
tional/optional benefits include services like pre-
scription drugs, case management, physical
therapy, occupational therapy, and the payment
for prescription drugs. The federal government
provides the states with matching funds to pro-
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vide these benefits to individuals. It is required
under federal law that states need to cover certain
population groups called the “mandatory eligibil-
ity groups” in order to participate in Medicaid.
Low-income families, qualified pregnant women
and children, and individuals receiving the
Supplemental Security Income (SSI) are exam-
ples of mandatory eligibility groups. The law
also gives the states the flexibility to cover other
population groups also called “optional eligibil-
ity groups.” Examples of optional eligibility
groups include individuals receiving home- and
community-based services and children in foster
care who are not otherwise eligible. The states
are allowed to set individual eligibility criteria
within federal minimum standards.

The Affordable Care Act helped states expand
Medicaid to cover nearly all low-income
Americans under age 65 [8]. The Act extended
the eligibility for children to at least 133% of the
federal poverty level (FPL) in every state. In
addition, the states were given the option to
extend eligibility to adults with income at or
below 133% of the FPL. The states are paid a
specified percentage of program expenditures
called the Federal Medical Assistance Percentage
(FMAP) by the federal government. The states
calculate the income for many eligibility groups
using a percentage of FPL, e.g., 100% of FPL in
2017 for a family of four in the 48 contiguous
states is $22,350 [9]. Income standards are based
on income or other nonfinancial criteria stan-
dards such as the Supplemental Security Income
(SSI) program for the other groups [10]. The fed-
eral law gives the states the option to charge pre-
miums and to establish out-of-pocket spending
(cost sharing) requirements for Medicaid enroll-
ees [8]. The out-of-pocket costs may include
copayments, coinsurance, deductibles, etc.
Although the maximum out-of-pocket costs are
limited, the states can choose to impose higher
charges for certain higher income groups. Certain
vulnerable groups such as children and pregnant
women are exempt from most out-of-pocket
Costs.

In order to be eligible for Medicaid, individu-
als need to satisfy federal and state requirements
regarding residency, immigration status, and doc-
umentation of US citizenship [8]. The Medicaid
beneficiaries must generally be residing in the
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state in which they are receiving Medicaid. They
must be citizens of the United States or be cer-
tainly qualified noncitizens, such as lawful per-
manent residents. Medicaid coverage is effective
either on the date of application or the first day of
the month of application. There may be retroac-
tive coverage for up to 3 months prior to the
month of application, if the individual would
have been eligible during that period had they
applied for coverage. Coverage is terminated at
the end of the month at which an individual no
longer meets the eligibility requirements.

The law allows states to have the option to
establish a “medically needy program” for indi-
viduals who have significant health needs but
whose income is too high to otherwise qualify for
Medicaid [8]. These individuals can become eli-
gible by “spending down” the amount of income
that is above a particular state’s medically needy
income standard. They spend down by incurring
expenses for medical and remedial care for which
they do not have health insurance. Once these
individual’s incurred expenses have exceed the
difference between the individual’s income and
the state’s medically needy income level, i.e., the
“spend down” amount, then they can become eli-
gible for Medicaid programs. The Medicaid pro-
gram then pays the cost of services that are in
excess of what the individual had to incur in the
way of expenses in order to become eligible.

Medicaid is the single largest payer for mental
health services in the United States [8]. Its role is
being expanded to play an increasingly larger
role in the reimbursement of substance use disor-
der services.

The Mental Health Parity and Addiction
Equity Act (MHPAEA) enables Americans with
mental health and substance use disorders to get
the care that they need [8]. This Act prohibits cer-
tain discriminatory practices that limit insurance
coverage for behavioral health treatment and ser-
vices. The MHPAEA requires coverage for men-
tal health and substance use disorders to be no
more restrictive than the coverage that available
for medical and surgical conditions. This require-
ment applies to copays, coinsurance, and out-of-
pocket maximums; limitations on services
utilization such as limits on the number of inpa-
tient days or outpatient visits that are covered,
and the use of care management tools and criteria
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for medical necessity determinations. The federal
statutes require Medicaid programs to comply
with mental health and substance use disorder
parity requirements.

More than 4.6 million low-income seniors
most of whom are also enrolled in Medicare get
healthcare coverage through Medicaid [8]. In
addition, Medicaid provides coverage to 3.7 mil-
lion people with disabilities who are also enrolled
in Medicare. A total of 8.3 million individuals are
“dually eligible” and enrolled in both Medicaid
and Medicare. These individuals comprise more
than 17% of all the Medicaid enrollees. Under
federal statute those individuals who are enrolled
in both Medicaid and Medicare can be covered
under both optional and mandatory categories.
Those Medicare enrollees who have limited
income and access to resources can use Medicaid
to pay for their premiums and out-of-pocket
medical expenses. In addition, Medicaid also
covers additional services that are not usually
covered under Medicare. These services include
skilled nursing facility care beyond the 100-day
limit or custodial care in skilled nursing facilities,
prescription drugs, eyeglasses, and hearing aids.
Those services that are dually covered are usu-
ally first paid by Medicare with Medicaid filling
in the difference up to the state’s payment limit.

Affordable Care Act

The Affordable Care Act (ACA), comprising the
Patient Protection and Affordable Care Act (P.L.
111-148) and the Health Care and Education
Reconciliation Act of 2010 (PL. 111-152),
expanded Medicaid coverage for the poorest
Americans by creating an opportunity for states
to provide Medicaid eligibility, effective January
1, 2014, for individuals under 65 years of age
with incomes effectively up to 138% of the fed-
eral poverty level (FPL, $27,310 for family of
three in 2014; federal statute up to 133% with
mandatory income disregard up to 5% FPL) [11,
12]. However, in 2012 the Supreme Court ruled
that expansion could not be enforced by with-
holding funds for a state’s entire Medicaid pro-
gram, and this made the program optional for the
various states. According to the Kaiser Family
Foundation, as of January 2017, 32 states includ-
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ing the District of Columbia implemented the
ACA Medicaid expansion to the adults. In 2015,
about 14 million Medicaid enrollees were adults
in the expansion group representing 18% of total
Medicaid enrollees [13].

The ACA instituted several key changes to
Medicare, which broadly included significantly
decreased cost sharing in the Part D coverage
gap, increased coverage of preventative care and
screenings (including an annual Medicare
Wellness Visit), and provider payment and health
delivery reform. The Medicare provisions of the
ACA were estimated to result in a net reduction
of $428 billion in Medicare spending between
2010 and 2019 [14]. The life of the Medicare
Trust fund was extended to at least 2029—a
12-year extension due to reductions in waste,
fraud and abuse, and Medicare costs [15].

The Affordable Care Act also made several
provisions for increased coordination of care of
those eligible for both Medicare and Medicaid
[16]. These individuals are, by definition, among
the sickest and poorest covered by either the
Medicaid or Medicare programs. Medicare pri-
marily pays for acute and hospital care and pre-
scription drugs, while Medicaid generally helps
to pay for Medicare premiums, cost sharing, and
long-term care, as well as other nonmedical ser-
vices. The law increased federal support for state
efforts to expand home- and community-based
services and support for long-term care.

Twenty-First Century Cures Act

The Twenty-First Century Cures Act constituted a
landmark attempt at the overhaul of the mental
healthcare system in the United States. Signed by
President Obama into law in December 2016, this
Act drew upon mental health, substance use, and
criminal justice provisions from the Helping
Families in Mental Health Crisis Act (H.R. 2646),
the Mental Health Reform Act of 2016 (S. 2680),
the Mental Health and Safe Communities Act (S.
2002), as well as the Comprehensive Justice and
Mental Health Act (S. 993) [17]. It sought to orga-
nize a fragmented mental healthcare delivery sys-
tem by creating visible leadership positions, namely,
the Assistant Secretary for Mental Health and
Substance Use (ASMH), who would work in col-
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laboration with a newly appointed Chief Medical
Officer (CMO) at the Substance Abuse and Mental
Health Services Administration (SAMHSA). The
ASMH, CMO, and Assistant Secretary for Planning
and Evaluation (ASPE) would be tasked with incor-
porating evidence-based medicine into SAMHSA-
administered programs; recruiting and retaining a
mental health workforce, including psychiatrists;
and collaborating with other federal agencies such
as the Departments of Veterans Affairs, Labor,
Housing and Urban Development, and Defense to
improve care for veterans and address chronic
homelessness. The Act provided funding and grants
for multifaceted approaches to enhance education,
training, and innovation in mental health and sub-
stance abuse disorders. Most notably, it provided $1
billion over 2 years for opioid prevention and treat-
ment programs. The Act renewed focus on strength-
ening the enforcement of the Mental Health Parity
and Addiction Equity Act of 2008.

The Act also put a spotlight on research and
innovation elucidating the biological basis of
major mental health and substance abuse disor-
ders by providing $4.8 billion over 10 years to the
National Institutes of Health [18]. This includes
$1.5 billion for the Brain Research Through
Advancing  Innovative = Neurotechnologies
(BRAIN) Initiative that revolutionizes collabora-
tive approaches to find cures for disorders of the
brain, including schizophrenia, epilepsy, autism,
and Alzheimer’s, through the development and
application of innovative technologies.

CHIP Reauthorization Act
of 2015

The Medicare Access and CHIP Reauthorization
Act of 2015 (MACRA) was signed into law on
April 26, 2015 [19]. This Act addressed delivery
system and Medicare payment reform. It priori-
tized value over volume of care for Medicare/
CHIP enrollees by addressing provider payment
reform in Medicare/CHIP reimbursements.
Multiple quality and value programs for Medicare
physicians and practitioners were combined into
a Merit-Based Incentive Payment System (MIPS)
and alternative payment models (APMs) to
incentivize quality and value were strongly
promoted.
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Conclusion

In the United States, Medicare and Medicaid pro-
vide majority of the funding for the healthcare for
older adults. These two systems cover a range of
services including inpatient and outpatient care,
medication prescriptions, home care, and also
skilled nursing facility care. Recent legislations
have been enacted by the federal government to
improve the care of individuals with psychiatric
disorders and the care of older adults.
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Neuroanatomy and Neuropathology
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Aging is associated with stereotypical neuroana-
tomical and physiologic changes and constitutes
a significant risk factor for neurodegenerative
disorders, particularly Alzheimer’s disease [1].
As with most biological processes, there is vari-
ability in the degree to which aging adult brains
undergo characteristic age-related changes.
Furthermore the burden of medical and neuro-
logic comorbidity in the elderly, including
neurocognitive disorders, ischemia, and inflam-
mation, can lead to pathological findings that
overlap with neuropathological changes of nor-
mal aging. Differentiating age-related changes
from the early stages of neurocognitive disor-
ders can be confounding [2, 3]. While neuroana-
tomical and neuropathological changes
associated with age have long been studied and
are well documented, the relationship between
the cognitive and structural changes associated
with increasing age and the underlying mecha-
nisms of normal and pathologic aging remain
incompletely understood [4].

Neuroanatomy

Some cognitive functions are relatively unaf-
fected by age. Procedural, primary, and semantic
memory are preserved in healthy aging [5].
Cognitive abilities that decline with normal aging
include processing speed, executive function,
episodic memory, spatial memory, and both
short-term and delayed recall [6, 7]. Processing

speed is generally impacted the most, and one
way this manifests is that the ability to learn and
remember is preserved but slow [3, 4, 7].

Functional neuroimaging studies reveal tra-
jectories of age-related changes in neural activ-
ity that may underlie executive function
impairment. With increasing age, abnormal pat-
terns of activation are seen in the prefrontal cor-
tex and hippocampus [4]. Specifically, activation
in these areas is less coordinated and more delo-
calized, in contrast to activation patterns in
young adults which are more integrated and dis-
crete [1, 4]. The changes in activation patterns in
nonpathologic aging are likely a downstream
effect of alterations in mechanisms that affect
systems level functioning [1]. The driving forces
underlying functional cognitive decline of non-
pathologic aging include altered signaling
through disruption of myelin fibers, changes in
synaptic physiology, and alterations in gene
expression [1].

Structural changes associated with age are
observable at the gross level. Although the size
of the brain typically decreases with age, as
many as 30-50% of aging brains will not dem-
onstrate typical age-related anatomical or path-
ological changes, including atrophy [3]. The
average weight of a male adult brain is 1400 g
[3], which is approximately 10% higher than
female brain weight [8]. Brain weight and vol-
ume are thought to peak by the third decade,
and evidence of age-related gyral atrophy can
be visible on CT scan as early as age 40 [2]. By
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the mid-1980s, brain weight declines by 11% of
the weight in young adulthood [8]. There is a
consensus that brain weight declines at a fairly
constant rate through young and middle adult-
hood and that atrophy begins to accelerate at a
nonlinear rate around age 70 [9]. Loss of brain
weight is reflected on neuroimaging as both
ventricular enlargement, which can be multi-
factorial in etiology though likely also reflects
an independent process of healthy aging, and
also as gyral atrophy [2]. Accelerated volume
change in normal aging is seen in ventricular
CSF; frontal gray matter; superior, middle, and
medial frontal; and superior parietal regions; in
contrast, areas demonstrating accelerated vol-
ume change in the setting of mild cognitive
impairment include whole brain volume, ven-
tricular cerebrospinal fluid, temporal gray mat-
ter, and orbitofrontal and temporal association
cortices  including  hippocampus [10].
Differential patterns of accelerated volume loss
may distinguish mild cognitive impairment
from normal aging [10].

Structural brain changes have variable effect
on changes in cognitive function; 25-100% of
the differences in select cognitive function
between young and old age may be accounted for
by structural brain changes, and consistent with
this is the observation that patterns of age-related
changes in size are heterogeneous [6].
Alzheimer’s disease is associated with significant
atrophy in the medial temporal lobes and espe-
cially in the entorhinal cortex; however, in nor-
mally aging brains, these areas typically do not
demonstrate as significant volume loss [4].

The adult human brain has approximately 20
billion neurons [3]. Age-related reduction in brain
size is driven in only part by neuronal cell death
[11] with an estimated loss of 10% of neurons
from age 20 to age 90 [12]. More sophisticated
techniques for quantifying neurons have shown
that the number of neurons in the cortex and hip-
pocampus actually does not significantly decline
with age, and in fact neuronal loss in those areas
may even be minimal [1, 4]. Historically, neuron
cell loss was thought to occur widely throughout
the cortex and hippocampus, with more focal
areas of loss in subcortical structures, the brain-
stem and the cerebellum [2, 4]. Similarly, contrary
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to older findings [2, 13], dendritic branching in
the hippocampus may remain constant or increase
with age [4, 14]. While apoptosis accounts for
some of the volume loss, the majority of age-
related volume loss is likely through shrinkage of
neurons, reductions in synaptic spines, and fewer
numbers of synapses [6]. Synaptic density is
reduced in the frontal lobes of aged brains [15],
and this finding correlates with less activation in
the prefrontal cortex in performing executive pro-
cessing tasks [4].

Structural changes are downstream of age-
related genetic and molecular changes. Calcium
channel signaling, a process central to synaptic
plasticity [4], is affected by age-related reduction
in expression of proteins involved in calcium
channel signaling [16].

Additional molecular mechanisms that may
contribute to aging include mitochondrial dys-
function, oxidative stress, epigenetic changes,
autophagy and protein turnover, and insulin and
IGF-1 signaling [1].

There are additional quantifiable changes in
brain size that occur in the course of normal
aging. Cortical width can reduce by 0.5-1%
per year [6]; however, this measurement is not
consistently observed to be affected by aging
[2]. There have been findings of age-related
loss of myelin staining in association cortices
in the forebrain and in corticocortical tracts in
the centrum semiovale [2]. Total length of
myelinated fibers studied through neurostere-
ology has been found to be reduced with age
[12], and reductions in length may be by as
much as 50% [6]. Normal aging is associated
with a greater loss of white matter than of gray
matter [4, 13]. Loss of white matter density
with age is observable on neuroimaging in the
prefrontal cortex and anterior corpus callosum
[14, 17] and correlates with declines in mea-
sures of executive function including process-
ing speed and short-term recall [18] possibly
by impairing signaling through the prefrontal
cortex, hippocampus, and striatum [4]. The
number of glial cells is not thought to change
significantly with age [2, 12].

Table 6-1 summarizes common age-related
neuroanatomical changes and corresponding
functional changes that can be expected [19].
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TABLE 6-1. Neuroanatomical locations: age-related changes and their effects [19]

Location Changes seen with age Effects of age-related changes
Thalamus Reduction in size Slower processing Speed
Hypothalamus Decreased hormone production (e.g., reduced Physical changes associated with changes in
estrogen from decreased gonadotropin-releasing hormone level
factor) Disruption in sleep wake cycle
Disruption of circadian rhythm
Cerebrum Reduction in brain weight (gray and white matter)  Far reaching effects on learning, memory,

Cerebral cortex

Cerebellum

Basal ganglia

Olfactory bulb
and olfactory
cortex

Amygdala

Cingulate gyrus

Fornix

Hippocampus

Pineal gland

Pituitary gland

Increase CSF volume

Atrophy particularly in prefrontal cortex, motor and

sensory association areas affected more and
earlier than primary sensory; neuron number
relatively preserved

Volume of vermis declines more than volume of
medial hemisphere
Lateral hemisphere volume unaffected by age

Dopaminergic neuron drop out in nigrostriatal
pathway (less marked in normal aging than seen
in Parkinson’s disease); high levels of deleted
mitochondrial DNA and somatic mitochondrial
DNA deletions associated with selective neuron
loss in healthy aging and Parkinson’s disease

Age-dependent cell death in olfactory cortex,

reduced volume in sensory neuroepithelium (due

to cumulative effects of viral infections),
replacement of olfactory neuroepithelium with
nonsensory columnar epithelium in olfactory
clefts in nose, diminution of central
neurotransmitters

(1) Decreased reactivity to negative information and

maintained or increased reactivity to positive
information. (2) Greater functional connectivity
between right amygdala and ventral anterior
cingulate cortex. (3) Decreased functional
connectivity with posterior brain regions

Age-related loss in gray matter

Linear rate of degeneration starting in 20s-30s

Anterior hippocampal size relatively preserved in

normal aging compared with Alzheimer’s disease

Age-related decrease in central and peripheral levels

of melatonin

Smaller and more fibrous more so in men than
women

language, communication, sensory processing,
movement, planning, organizing, intelligence,
personality

Effects on executive function, vision and color
recognition, visuospatial recognition,
emotional responses, memory and speech

Coordination and timing of movements

Effects on voluntary movement and mood
regulation

Decline in sense of smell

(1) Experience less negative emotion, pay less
attention to negative than positive emotional
stimuli, less likely to remember negative than
positive emotional content. (2) Possible
correlate with increased emotional regulation.
(3) Decreased perceptual processing

Sensory input regarding emotions and regulation
of aggressive behavior

Decline in recall

Learning and memory

Effects on immune response, biologic rhythms

Reduction in hormone secretion with end organ
effects

Neuropathology

Neuropathological changes that result from nor-
mal aging processes are seen in most but not all
elderly individuals [3]. The relatively more com-
mon age-related pathological findings in cogni-

tively intact elderly individuals include senile

neuritic plaques and neurofibrillary tangles [3].

Neuritic plaques and neurofibrillary tangles are
also evident in various stages and subtypes of
neurocognitive disorders and are pathological
hallmarks of Alzheimer’s disease in particular
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[20]. There are images implicating neurons as the
initial nidus of plaque formation [21]. Senile
plaques initially develop in the neutropil as small
focal structures consisting of an immunoreactive
beta-amyloid core in a non-fibrillar form. These
so-called diffuse plaques are possible findings in
normal aging and can also appear early in the
course of Alzheimer’s disease [3, 20]. Diffuse or
pre-amyloid plaques mature into neuritic plaques
consisting of accumulations of neurites contain-
ing fibrillar amyloid among other proteinaceous
structures surrounding the beta-amyloid core [3,
20]. These mature neuritic plaques can distort the
neutropil [2] and may even be a common to fre-
quent incidental finding in healthy aging [3]. With
increasing maturity, plaques become small and
more compact; an effect of these “burned out”
plaques is that axons are displaced by beta-
amyloid. The presence of neuritic plaques does
not necessarily predict decline in cognitive func-
tion [3]. There are some interesting correlations
between plaque formation and age. The preva-
lence of senile plaques in the temporal neocortex
has been found to correlate with age, although the
density of senile plaques was not found to increase
with age, meaning that senile plaques stabilize
instead of steadily progressing with time.
Increasing age was also associated with a higher
proportion of neuritic to senile plaque ratio, sug-
gesting that evolution of individual plaques may
be a more meaningful metric than total number of
senile plaques in normal aging [20].

Neuritic senile plaques that are distributed
throughout the cortex and in Alzheimer’s disease
are similarly present in the cortex and also more
focally in the hippocampus, amygdala, and other
subcortical structures. Plaques are associated
with dystrophic neuritis and reactive astrocytic
and microglial responses [2]. In Alzheimer’s dis-
ease, as in normal aging, plaque burden does not
increase significantly with time [22]. Effecting
toxicity in the neutropil [22] and structural axo-
nal injury associated with abnormal sprouting
[23] are proposed mechanisms of plaques in the
pathophysiology of cognitive decline.

Neurofibrillary tangles (NFTs) are intracellu-
lar accumulations of hyperphosphorylated tau, a
microtubule-associated protein. As NFTs grow in
size, the neuron cell bodies become distorted,
and the nucleus is displaced. NFTs remain visible
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after the neuronal cell death has occurred. NFTs
are associated with expression of fetal antigens
and abnormal proliferation of dendrites, synaptic
spines, and axons [2]. NFTs can be seen in cogni-
tively intact elderly individuals as with neuritic
plaques; however, unlike neuritic plaque burden,
NFT frequency and distribution do correlate with
cognitive status [3]. Aged adults without cogni-
tive impairment will have fewer NFTs than those
who have Alzheimer’s disease. There is a charac-
teristic pattern of development and distribution of
neurofibrillary tangles in Alzheimer’s disease.
NFTs initially develop in the hippocampus, ento-
rhinal cortex, and adjacent limbic structures. As
they increase in number, NFTs begin to appear in
the adjacent temporal neocortex. NFTs continue
to develop and cluster and become more widely
distributed with time, emerging finally in the
frontal and parietal lobes with more advanced
disease [24]. Neurofibrillary tangles in the ven-
tromedial temporal lobe are evident in the brains
of older adults with amnestic mild cognitive
impairment, suggesting that amnestic mild cog-
nitive impairment may in fact represent early
Alzheimer’s disease [25]. The presence of neuro-
fibrillary tangles in the medial temporal lobe,
before Alzheimer’s disease is diagnosed clini-
cally, is consistent with the hypothesis that NFTs
are a substrate for memory loss in normal aging,
mild cognitive impairment, and Alzheimer’s dis-
ease [24].

Additional pathophysiologic findings in the
aging brain have variable significance with regard
to normal aging. Granulovacuolar degeneration
is a pathological finding marked by large double
membrane-bound vacuoles containing a central
granule that tend to develop in neurons in the CA
[1] region of the hippocampus. Granulovacuolar
degeneration is seen in less than 10% of hippo-
campal neurons in a normal aged brain and at
higher frequency in brains with Alzheimer’s dis-
ease [2, 26]. Granulovacuolar degeneration may
be associated with other neurocognitive disor-
ders; they may be associated with NFTs and neu-
ritic plaques, but they may also be independent of
these pathologic findings [2]. Accumulation of
granulovacuolar bodies may be connected to
incomplete autolysosome formation [26].

Hirano bodies are eosinophilic, spindle shaped,
and cytoplasmic inclusion bodies that are rich in
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actin arranged in highly refractile paracrystalline
arrays [2, 27]. Unlike other intraneuronal inclu-
sion bodies including Negri bodies, Lewy bodies,
and Pick bodies which are pathognomonic for
specific disease states, the Hirano body is more
newly identified, less specific finding that is more
generally associated with aging than other named
inclusion bodies [28]. Hirano bodies are associ-
ated with various neurocognitive disorders
including Alzheimer’s disease, Pick’s disease,
amyotrophic lateral sclerosis, and parkinsonism-
dementia complex, as well as chronic alcoholism
and normal aging [27]. Hirano bodies likely orig-
inate from age-related changes in the microfila-
mentous system [28].

Pigments in the brain demonstrate classic
changes with age. Lipofuscin, the “wear and
tear” pigment, accumulates in the lysosomes of
postmitotic cells and consists of undegradable
oxidized, cross-linked protein residues [2].
Lipofuscin accumulates linearly with age, and
correlates inversely with longevity [29]. In addi-
tion to being an indicator of age, lipofuscin accu-
mulation may contribute directly to cellular
degeneration by acting as a magnet of sorts for
newly produced lysosomal enzymes thus imped-
ing regular recycling of cellular components
[29]. Melanin is a pigment in the locus ceruleus
and substantia nigra that increases until age 60
and then decreases as neurons in those regions
are lost [29].

Conclusions

In summary, neuroanatomical age-related
changes in the brain include reduced brain
weight, gyral atrophy, greater loss of white mat-
ter than gray matter, ventricular dilation, and loss
of myelin staining. Apoptosis accounts for only a
small percentage of neuronal volume loss.
Activation of signaling pathways become delo-
calized and disintegrated in normal aging. There
are various hypotheses about genetic and molec-
ular mechanisms that underlie and contribute to
these changes.

Investigating the processes of normal and
pathological aging invites the central query: what
encourages healthy aging? Physical exercise and
caloric restriction have beneficial effects on life
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span and minimizing age-related pathology [4],
with caloric restriction without causing malnutri-
tion found to be associated with increasing lifes-
pan [1]. Studies have investigated techniques to
prevent oxidative damage through dietary vita-
min E, selegiline, and coenzyme Q; cyclooxy-
genase-2 inhibitors and omega-3 fatty acids have
been studied to target inflammation [4]. Despite
wide inquiry, the evidence base for interventions
to promote healthy aging is mixed [1].
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The aging brain undergoes a variety of biochemi-
cal changes consistent with normal aging that
may be primarily rooted in heredity. Many of
these changes are time related and may be etio-
logically relatively independent of stress, trauma,
or disease. Senescence from Latin senescere,
meaning “to grow old,” from senex is a term that
describes permanent proliferative arrest of cells
that has implications in the process of aging.
More than 50 years ago, cellular senescence was
described as “the limited in vitro lifetime of
human diploid cell strains.” It was observed that
human cells cultured in vitro ceased to proliferate
after a limited number of proliferations; these
cells remained metabolically active [1]. It is com-
monly believed that cellular senescence underlies
the larger organismal senescence.

The theories of wear and tear, oxidative dam-
age, DNA damage, and telomere shortening will
be introduced. While multiple theories of aging
have been proposed, there is no consensus on this
issue. Instead, many of the proposed theories
likely interact in a tangled way.

Wear-and-Tear Theory

The wear-and-tear theory suggests that cells and
tissues have vital parts that wear out resulting in
aging. Dr. August Weismann introduced this the-
ory in 1882. He postulates that the daily grind of
life, in particular abuse or overuse, literally wears
the body out and can result in disease states. This

is generally thought to happen with organs.
Toxins in our diet and in the environment wear
down the liver, stomach, kidneys, skin, and so on.
However, wear and tear can take place on a cel-
lular level or on an organ system level [2].

Oxidative Damage

The role of reactive oxygen species (ROS) has
been implicated in the process of aging and
senescence. More specifically, if there is an
imbalance between ROS and antioxidants, the
result is oxidative stress. Severe oxidative stress
can cause cell death; moderate oxidation can trig-
ger apoptosis, and even more intense stresses
may cause necrosis [3].

A free radical is a molecule or atom with
unpaired electron in the outer shell. They are
unstable, highly reactive, and energized mole-
cules. There are many types of free radicals, but
most related to biological systems are derived
from oxygen and thus termed ROS. They can be
classified into oxygen-centered radicals and
oxygen-centered nonradicals. Oxygen-centered
radicals are superoxide ion, hydroxyl radical, alk-
oxyl radical, and peroxyl radical. Oxygen-centered
nonradicals are hydrogen peroxide and singlet
oxygen. The free radicals commonly described in
aging are superoxide ion, hydroxyl radical, and
hydrogen peroxide. The formation of these radi-
cals can lead to harmful cellular effects, including
damage of DNA, oxidations of polyunsaturated
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fatty acids in lipids, oxidations of amino acids in
proteins, and oxidative deactivation of specific
enzymes by oxidation of cofactors [4].

Early evidence for this theory includes the
observation that the overexpression of catalase,
the enzyme that degrades peroxide and superoxide
dismutase, was protective in Drosophila. Those
that overexpressed the antioxidant live 30-40%
longer than controls [S]. More recent studies in
animal models have confirmed that ROS produc-
tion increases with age [6]. Other studies, looking
at aging rats, demonstrated a significant increase
in superoxide radical formation in the mitochon-
dria of the brain and heart tissue. Furthermore,
elevation in the level of lipid peroxidation was
found in tissue of the brain and the liver [7].
Similarly in humans, overproduction of the super-
oxide radical is associated with impaired endothe-
lial function in hypertension and aging [8].

The free radical theory has developed to
include aging and age-related diseases. Oxidative
stress and free radical damage have been associ-
ated with many neurodegenerative disorders,
such as Parkinson’s disease, Alzheimer’s disease,
Huntington’s disease, and amyotrophic lateral
sclerosis. There are increases in markers of lipid
oxidation and an increase in oxidative damage of
proteins [9].

DNA Damage Theory

Deoxyribonucleic acid (DNA) is a molecule that
carries most of the genetic instructions used in the
growth, development, functioning, and reproduc-
tion of all known living organisms. DNA stores
biological information. Remarkably, DNA is the
only biologic molecule that relies solely on repair
of existing molecules, without any remanufacture.
It accumulates damage over a lifetime and is rep-
resented by only one copy in most cells [10].
DNA damages occur continuously in cells of
living organisms. The DNA damage theory pro-
poses that aging is a consequence of unrepaired
accumulation of naturally occurring DNA dam-
ages. Damages can occur because of many
agents, including oxidizing agents, alkylating
agents, and ultraviolet light. The damage is spe-
cific to the offending agent. UV light can damage
DNA by producing thymine dimers, which are

J. Avari et al.

cross-links between pyrimidine bases [11]. Free
radicals may cause multiple types of damage,
including base modifications and double-strand
breaks [12].

DNA damages due to normal cellular pro-
cesses occur frequently. DNA repair processes
have evolved to compensate for this damage;
however, damage may remain even after the
repair process. It is this accumulation of residual
damage that may result in aging. Elevated levels
of DNA damage can also accelerate physiologi-
cal decline and the development of age-related
diseases. The damage may reduce the expression
of selectively vulnerable genes involved in areas
of learning, memory, and neuronal survival,
which promotes brain aging early in adult life.
Furthermore, higher DNA damage may trigger
cellular signaling pathways that result in a faster
depletion of stem cells [13, 14].

The accumulation of unrepaired DNA damage
is more prevalent in slowly replicating cells like
the brain, skeletal, and cardiac muscle. With
DNA damage, transcription of a gene can be pre-
vented, and translation into a protein will be
blocked.

The Telomere Shortening
Theory

A telomere is a region of repetitive nucleotide
sequences at each end of a chromosome. It pro-
tects the end of the chromosome from deteriora-
tion or from fusion with neighboring
chromosomes. The nucleotide sequence of a telo-
mere is “TTAGGG.”

When chromosomes replicate, the duplication
does not include the entire length of the chromo-
some. This leads to shortening of the ends of
chromosomes. The telomeres are the buffers at
the ends of chromosomes, which are reduced
during cell division, thus protecting the
DNA. Every time the cell divides, the telomeres
get shorter. When they get too short, the cell can
no longer divide, and it becomes inactive.

Counteracting telomere shortening is the enzyme
telomerase. Telomerase lengthens telomeres in
DNA strands and leads to longer cell life.
Telomerase, which is active in normal stem cells, is
normally absent from, or at very low levels in, most
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somatic cells [15]. If a cell were missing telomer-
ase and dividing repeatedly, the progeny would at
some point reach their “Hayflick limit.” The
“Hayflick limit” is the number of times a normal
human cell population will divide until cell divi-
sion stops. The telomerase absent cell’s Hayflick
limit is believed to be between 50 and 70 cell divi-
sions. Once the limit is reached, cell division stops
[1]. Telomerase does not completely prevent telo-
mere shortening after extensive stem cell division
either, providing a proposed mechanism for the
limit of stem cell replicative history [16].

In 2003, Richard Cawthon discovered that those
with longer telomeres lead longer lives than those
with short telomeres [17]. Short telomeres have
also been linked to age-related diseases and prema-
ture aging syndromes, including Werner syndrome,
ataxia-telangiectasia, ataxia-telangiectasia-like dis-
order, Bloom syndrome, Fanconi anemia, and
Nijmegen breakage syndrome [18].

Telomerase mutations have also been studied.
When mice are engineered to lack telomerase,
their telomeres progressively shorten over sev-
eral generations. These animals age much faster
than normal mice. The telomerase-deficient mice
are barely fertile; suffer from age-related condi-
tions such as osteoporosis, diabetes, and neuro-
degeneration; and die young [19].

In humans, we see the role of telomerase in
cancer cells. These cells are often “immortal,”
and in about 85% of tumors, their immortality is
the result of up-activation of their telomerase
genes [20].

Neuropharmacology

The therapeutic targets of pharmacology are most
often neurotransmitters, or chemical messengers,
that transmit signals across a chemical synapse,
such as a neuromuscular junction, from one neu-
ron to another “target” neuron. We discuss the
effect of aging on the neurotransmitters dopa-
mine, serotonin, glutamate, gamma-aminobutyric
acid, norepinephrine, and acetylcholine, common
targets of pharmacologic intervention. We must
keep in mind that age-related changes in the neu-
rotransmitter systems of the brain are not a global
phenomenon of normal aging, they are brain
region specific and cell type specific.
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Dopamine

Dopamine is a catecholamine neurotransmitter
that has many roles in the brain and body. In the
brain, there are many dopamine pathways related
toreward, pleasure, and motor control. Dopamine
is one of the most well-understood neurotrans-
mitters with regard to aging. Dopamine levels
decline by nearly 10% per decade from early
adulthood and have been associated with
declines in cognitive and motor performance
[21]. Many studies have shown age-dependent
dopamine decline in production and in receptor
density [22].

More specifically, D1-like receptors decrease
by 7-9% per decade in caudate, putamen, and
occipital cortex [23], and D2-like receptors
decrease by 6—12% per decade in thalamus, tem-
poral cortex, and frontal cortex [24].
Compounding this is the age-related reduction in
dopamine transporters [25]. The loss of dopa-
mine with age is likely responsible for many neu-
rological symptoms that are more commonly
seen in the elderly, including decreased arm
swing and increased rigidity.

Serotonin

Serotonin is a monoamine neurotransmitter
found primarily in the gastrointestinal tract
(approximately 90%), platelets, and the central
nervous system. Serotonin in the brain is thought
to regulate mood, appetite, and sleep. It is also
thought to have a role in cognition, including
memory and learning. Medications targeting
serotonin at synapses are thought to have antide-
pressant effect.

Broadly, serotonin levels, receptors, and trans-
porters are sensitive to aging. With increased age
come decreasing levels of serotonin receptors
and serotonin transporters. There is a decrease in
serotonin receptors, with 5-hydroxytryptamine
(SHT) 2A receptor decrease in the caudate
nucleus, putamen, and frontal cerebral cortex
[26]. The SHT 1A receptors decrease at a rate of
approximately 10% per decade [27]. The sero-
tonin transporter, SHT, has also been shown to
have a decreased binding capacity in the thala-
mus and the midbrain in the aging brain [28].
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Glutamate

Glutamate is the main excitatory neurotransmitter
in the nervous system. Glutamates activity is at
postsynaptic  N-methyl-D-aspartate (NMDA)
receptors and o-amino-3-hydroxy-5-methyl-4-
isoxazolepropionic acid (AMPA) receptors. It is
thought to have a role in synaptic plasticity and
cognitive functions [29]. Disruptions of the gluta-
mate system, like excess release of glutamate, can
lead to hyperexcitability in postsynaptic neurons,
to the point of excitotoxicity and cell death [30].

The glutamate system, too, is also affected by
age. There is an age-related decline in glutamate
concentrations in the parietal gray matter and
basal ganglia of men [31]. The parietal and basal
ganglia regions are often the areas affected in
degenerative brain diseases. This suggests that
glutamate may have a role as a marker in brain
diseases that are affected by aging [32].

This is supported by the use of memantine, a
noncompetitive NMDA antagonist, that has shown
benefit in cognition, function, and global outcome
in patients with moderate to severe AD [33].

Gamma-Aminobutyric Acid

Gamma-aminobutyric acid (GABA) is the chief
inhibitory neurotransmitter in the brain. GABA is
synthesized from glutamate by the enzyme
L-glutamic acid decarboxylase (GAD). To date,
three subtypes of GABA-specific receptors have
been identified: GABAA, GABAB, and
GABAC. Both GABAA and GABAB receptors
are localized in the central nervous system [34].

The GABAA receptor is pre- and postsynaptic,
with modulatory sites for benzodiazepines, bar-
biturates, steroids, and ethanol. GABAB is also
found both presynaptically and postsynaptically,
which decreases neuronal excitability and may
be linked to cognition.

In the aging brain, GAD decreases by roughly
20-30% in the cortex and thalamus of postmor-
tem human brains. There is also a decrease in
GABA receptor binding sites and GAD mRNA
levels in the aged rodent brain [35].

Examining the brains of people with Alzheimer’s
disease has led to theories of GABAergic regional
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disruptions. In Alzheimer’s disease, GABA con-
centrations are reduced in frontal, temporal, and
parietal areas. When combined with GABA and
benzodiazepine binding studies, the temporal
region is most affected. Neuroimaging studies
have identified the parietal cortex as having
reduced GABAergic binding [36].

Norepinephrine

Norepinephrine (NE) is the main neurotransmit-
ter used by the sympathetic nervous system. Its
release is lowest during sleep and rises during
wakefulness, reaching higher levels during stress
or danger (the fight-or-flight response). NE pro-
motes arousal, vigilance, formation and retrieval
of memory, and attention. Two broad families of
norepinephrine receptors have been identified,
known as alpha- and beta-adrenergic receptors.
Alpha receptors are divided into subtypes a; and
o, and beta receptors into subtypes B, ., and ;.

The locus coeruleus is the primary site for
brain synthesis of norepinephrine. The locus coe-
ruleus is a small nucleus in the pons on the lateral
edge of the fourth ventricle. The locus coeruleus
appears to be the first brain region where
Alzheimer’s disease pathology emerges. Lesions
in this NE-producing area exaggerate AD-related
pathology, and augmentation of the brain’s nor-
epinephrine transmission reduces neuroinflam-
mation and cognitive decline [37]. Furthermore,
evidence suggests that maintaining the neural
density of the NE nuclei can prevent cognitive
decline in aging [38]. AD has also been linked to
a 30-60% reduction in a-2 adrenergic receptors
in the frontal cortex, hypothalamus, and cerebel-
lum [39].

Acetylcholine

Acetylcholine (Ach) is synthesized from its two
immediate precursors, choline and acetyl coen-
zyme A. It has functions both in the peripheral
nervous system and central nervous system.
There are two main classes of acetylcholine
receptor, nicotinic and muscarinic. Nicotinic
receptors are ligand-gated ion channels that have
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the receptor site on the channel itself. Muscarinic
receptors work via a second messenger system
and increase intracellular levels of IP; and cal-
cium by activating phospholipase C. A group of
cholinergic neurons in the nucleus basalis of
Meynert projects to the cerebral cortex and lim-
bic system. In the reticular system, neurons proj-
ect to the cerebral cortex, limbic system,
hypothalamus, and thalamus.

ACh plays an important role in sustaining
attention, learning, and memory. Human stud-
ies have demonstrated that blocking musca-
rinic receptors impairs the encoding of new
memories but not the retrieval of previously
stored memories [40, 41] and impairs working
memory for some stimuli [42]. Conversely,
drugs which activate nicotinic receptors
enhance the programming of new information
[43]. Cholinergic abnormalities have been
observed in AD brains [44]. It has been
reported that the level of acetylcholine recep-
tors is reduced in AD and that dysfunction of
cholinergic signal transmission could be
responsible for the symptoms of AD [45]. This
has led to the development of cholinergic ther-
apy; treatments based on the assumption that
low levels of acetylcholine are responsible for
the cognitive decline associated with
AD. Cholinesterase inhibitors effectiveness is
in part through direct activation of the nicotinic
receptors and through a direct activation of the
allosteric site on the receptor [46]. Further sup-
port for this nicotinic receptor stimulation in
AD is based upon the fact that nicotine
improves memory in animals, healthy subjects,
and AD patients [47].

Conclusions

In this section, the biological theories of aging
were explored. Each provides a scientific expla-
nation for age-related changes, but none is recog-
nized as irrefutable. Also, the most common
neurotransmitters that are targets for pharmaco-
logic interventions were reviewed. A better
understanding of the processes that contribute to
aging and the effects on chemical messengers
remains critical.
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Age-associated anatomical and physiological
changes occur across all organ systems, at vary-
ing rates according to differences among indi-
viduals’ genetic makeup and environmental
exposures. The precise effects of usual aging
have been challenging to characterize. This is
because long-term studies are limited by the high
mortality rate in old age, the heterogeneity of the
older patient population results in high variability
of outcomes, and confounding factors make it
difficult to determine which changes are a result
of usual aging unrelated to a disease process or
other extrinsic factors [1]. Although a compre-
hensive narrative has yet to emerge, many age-
related physiologic changes have been identified.
These changes have important pharmacokinetic
and pharmacodynamic implications that are
reviewed in a later chapter. This section reviews
the impact of age on the major organ systems.

Body Composition
and Musculoskeletal System

With advancing age, there are alterations in body
composition that include a decrease in lean body
mass and total body water and an increase in total
body fat [2]. Adipose tissue is redistributed cen-
trally with a loss of fat subcutaneously, making
older people more sensitive to extremes of ambi-
ent temperature [3]. The increased fat-to-water
ratio carries clinical significance because fat-

soluble drugs, such as benzodiazepines, have a
larger volume of distribution that may lead to
increased half-life and medication effect.

Age-related changes in the musculoskeletal
system also impact older adults’ functioning.
There is a decrease in stature and bone mineral
density, and fat accumulates in the bone marrow
[4]. Additionally, cartilage becomes brittle, and
tendons and ligaments weaken and stiffen [5].
Together these changes increase the risk of devel-
oping osteoarthritis, which is a common cause of
chronic disability in older adults.

Skin

Aging of the skin is more influenced by environ-
mental exposures (e.g., photoaging) than by
intrinsic processes and is primarily caused by
oxidative degeneration [6]. Age-related physio-
logic changes include a loss of subcutaneous fat,
diminished capillarity, a decreased number of
sebaceous and eccrine glands, and reduced nutri-
ent transfer across the dermal-epidermal junc-
tion. This causes the skin to atrophy and become
xerotic, and the barrier and thermoregulation
functions of skin are impaired [3]. Composition
changes, including the fragmentation of elastin
and accumulation of collagen, result in dimin-
ished elasticity and wrinkling of the skin.
Furthermore, vitamin D synthesis is impaired,
and healing occurs at a slower rate [7].
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Cardiovascular System

A host of age-related structural and functional
changes occurs in the cardiovascular system that
results in a diminished cardiac output in response
to increased work demands [8]. These changes
can manifest as nonspecific symptoms such as
low energy, fatigability, and light-headedness, and
predispose older adults to developing cardiovas-
cular disease, a known risk factor for depression
and anxiety.

Age-related changes contribute to both a lower
cardiac output and a lower cardiac reserve. The
ventricular myocardium thickens, and the size of
ventricular cavities decreases, resulting in a lower
volume of blood pumped per contraction [9]. The
responsiveness of adrenergic receptors is dimin-
ished, and the number of sinus node cells is
decreased, resulting in a lower intrinsic and maxi-
mal heart rate [10]. Blood vessels thicken and
become less distensible, and blood vessel lumens
narrow, resulting in slow elevation in blood pres-
sure [11]. Additionally, there is an accumulation of
degenerative products such as lipids, collagen, and
calcium deposits, thereby increasing the risk of
atherosclerotic disease [3].

Respiratory System

Age-related anatomic changes and functional
decline occur throughout the respiratory system
in an analogous fashion to the aging of the car-
diovascular system but at a more rapid rate [3].
These changes contribute to an increased work of
breathing and a diminished respiratory reserve.
There is a loss of elastic and parenchymal tissue
in the lung, and pulmonary vasculature stiffens.
This results in a decrease in static elastic recoil
ability and a diminished surface area for gas
exchange [12]. In addition, alveolar ducts and
bronchioles dilate, cough reflexes are depressed,
mucociliary clearance ability is impaired, and
there is a diminished ventilatory response to
hypoxemia and hypercapnia with age [13].
Age-related changes outside of the lung also con-
tribute to diminished airway expansion. The chest
wall stiffens and becomes less compliant, respira-
tory smooth muscle strength declines, and the dia-
phragm flattens and loses function over time [14].
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Pulmonary function tests reveal age-associated
changes in the respiratory system. Total lung
capacity does not change with age, but residual
volume increases due to a loss of expiratory mus-
cle strength. There is a decrease in vital capacity,
functional reserve capacity, expiratory reserve
volume, forced vital capacity, and forced expira-
tory volume. Closing volume and ventilation-
perfusion mismatch increase, and there is a larger
region of alveolar dead space. Pulmonary diffus-
ing capacity and gas exchange progressively
decrease with age [14].

Gastrointestinal System

As individuals age, changes occur throughout the
gastrointestinal tract that have functional signifi-
cance. The epithelial lining of the oral mucosa
thins and the gums recede, making older adults
more susceptible to root caries and tooth loss.
Saliva production decreases with age, resulting in
dry mouth that can impact chewing and swallow-
ing. This can lead to incomplete mastication and
an increased risk of inadequate nutritional intake
or aspiration. Esophageal function is largely pre-
served with age, but there is a decrease in the
amplitude of peristalsis and a decline in the num-
ber of myenteric ganglion cells [3].

Anatomic and physiologic changes throughout
the stomach and colon can lead to changes in
basic digestive functions such as motility, secre-
tion, digestion, and absorption [15]. The stomach
secretes lower levels of gastric acid, serum gas-
trin levels increase, and intrinsic factor levels
decrease. There is a loss of microvilli of the brush
border and diminished enzymatic activity in the
colon [3]. Transit through the gastrointestinal
tract may be slower, leading to increased sensi-
tivity to irritants and risk of constipation.
However, studies implicating normal aging as a
cause of dysmotility in the elderly are inconclu-
sive due to abundant confounding factors [16].

Hepatobiliary System

Age-related hepatic changes include a decrease
in hepatic mass and perfusion, diminished func-
tion of enzymes of drug metabolism, a decline in
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detoxification and inflammatory functions, and
reduced rate of hepatic regeneration following
injury [17]. Hepatic mass is estimated to decrease
between 20% and 40% across the human lifespan
[18], and hepatic blood flow is estimated to
decrease by 40—60% [19].

Many liver functions decline with age. There is
a progressive decline of the cytochrome P-450
system beginning in the fifth decade of life,
impacting the clearance of many drugs [20].
Low-density lipoprotein metabolism decreases,
contributing to high cholesterol levels. Studies
regarding the effect of aging on albumin synthe-
sis in the liver have been inconsistent. However,
albumin has been shown to decrease with age,
which is significant because hypoalbuminemia
impacts the clearance of highly protein-bound
drugs and low levels have been correlated with
high mortality in a nursing home patient popula-
tion [20]. Of note, some hepatic functions are
unaffected, and standard liver function tests are
only minimally affected with age [21].

There are some age-related changes in biliary
function, including decreased bile acid flow and
secretion. In addition, bile has a higher lithogenic
index thereby increasing the risk of gallstone for-
mation [22].

Renal System

The kidney undergoes a progressive age-related
decline in structure and function. There is a
decrease in total renal mass, with dominant corti-
cal losses and relative sparing of the medulla.
Renal blood flow similarly decreases with age by
approximately 10% per decade after the fourth
decade. The reduction in renal perfusion exceeds
the reduction in renal mass, suggesting that lim-
ited blood flow is a primary factor in, and not a
consequence of, the involution of the kidney [23].

Renal vasculature and limited blood supply is
similarly implicated in the age-related decline of
kidney function on a microanatomical level.
Senescence of nephrons, the basic structural and
functional units of the kidney, is primarily char-
acterized by diffuse nephrosclerosis that is the
result of ischemic injury. Glomeruli, the net-
works of capillaries that function as the initial
filtering component of the nephron, decrease in
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number and undergo morphological changes that
are characterized by diminished lobulation and
an increased incidence of glomerulosclerosis.
The glomerular basement membrane (GBM)
folds and thickens. Furthermore, multiple studies
have demonstrated an age-associated increase in
the permeability of the GBM, which is accompa-
nied by a rise in microalbuminuria and protein-
uria [24, 25].

These structural changes result in diminished
function of the aging kidney. Functional losses
include a reduction of the glomerular filtration
rate, impaired excretion and reabsorption, and a
decline in the renal vasculature’s ability to auto-
regulate. The estimated glomerular filtration rate
(eGFR) is the rate at which blood passes through
the glomeruli each minute and is the standard lab
value for measuring overall kidney function.
Values of glomerular filtration rate in healthy
adults are on average 140 mL/min/1.73 m? until
age 40 and then drop by approximately 8 mL/
min/1.73 m? per decade [25, 26]. Glomeruli
receive blood supply from an afferent arteriole
and drain into an efferent arteriole, which sup-
ports the process of ultrafiltration. With ischemic
injury of age, afferent and efferent arterioles atro-
phy. Additionally, changes in the activity of key
vasoactive mediators, such as those in the renin-
angiotensin-aldosterone and nitric oxide systems,
contribute to the age-related physiological
changes in the kidney [25]. There is an impaired
responsiveness to vasoactive stimuli, thereby
diminishing the ability of the vasculature to
autoregulate.

Senescence of the kidney carries important
clinical considerations when caring for older
adults due to increased potential for toxic levels
of renally excreted drugs. Specific to psychiatry,
frequently used drugs that are primarily excreted
by the kidneys include lithium, bupropion, and
venlafaxine.

Genitourinary System

Age-related changes in the genitourinary system
contribute to the risk of urinary issues and a
decline of reproductive ability in older adults.
Impaired bladder contractility is thought to be
due to myogenic and neurogenic factors [27].



60

The detrusor muscle weakens due to decreased
autonomic innervation of the bladder [28]. The
result is decreased urinary flow rates and
increased post-void residual [1]. In addition,
studies in women have demonstrated that the ure-
thra atrophies and there is decreased urethral clo-
sure pressure, which is thought to be due to lower
levels of estrogen [1].

Age-related changes impact reproductive abil-
ity. In men, testosterone levels decrease over
time due to increased levels of sex hormone-
binding globulin with age, mean testicular vol-
ume declines, and there is a decrease in the
number of germ cells, Sertoli cells, and Leydig
cells [3]. Sperm production decreases, and sperm
have an increased frequency of chromosomal
abnormalities. Age-related prostate gland
enlargement is caused by hyperplasia of basal
cells and stromal cells and can manifest as uri-
nary problems [29].

In women aging of the ovary begins in utero,
after which there is a steady decline in potential
germ cells. Estrogen and progesterone produc-
tion decreases progressively. Menopause occurs
at the average age of 51 when there are inade-
quate hormone levels to support the negative-
feedback loop between the pituitary and the
gonads. Lower hormone levels cause atrophy of
the breasts and genitalia [3]. Of note, many uri-
nary and sexual problems are caused by prob-
lems that are not directly related to the
genitourinary system, such as medication side
effects and comorbidities.

Sensory System

As individuals age, there is a decline of all five
senses, which carries significant implications for
health and quality of life. Vision diminishes as a
result of many anatomic changes including weak-
ening of the ciliary muscle, decreased lens curva-
ture, increased pupil and blood vessel rigidity,
and atrophy of the conjunctiva [30]. Older adults
experience a loss of accommodation and dimin-
ished ability to adapt to changes in light.
Anatomical changes in the ear lead to hearing
loss across all frequencies, but age is particularly
associated with high-frequency sensorineural
hearing loss. Presbycusis, or age-related hearing

C. Snow et al.

loss, occurs due to a number of factors that pri-
marily impact the inner ear. Olfactory and taste
senses also deteriorate. Finally, touch sensation
diminishes with age, with functional implications
for articulation of speech, handgrip, and postural
stability [31].

Conclusion

Age-associated anatomic and physiologic
changes impact all organ systems. These changes
contribute to functional decline and risk of ill-
ness. Often therapeutic and pharmacologic modi-
fications must be made in order to safely treat
older patients. Further research is essential to bet-
ter understand the impact of age on the various
organ systems.

References

1. DuBeau CE. The aging lower urinary tract. J Urol.
2006;175(3):S11-5.

2. Fulop T Jr, Worum I, Csongor J, et al. Body com-
position in elderly people: determination of body
composition by multiisotope method and the elim-
ination kinetics of these isotopes in healthy elderly
subjects. Gerontology. 1985;31(1):6-14.

3. Leventhal EA, Burns EA. The biology of aging.
In: Sadavoy J, Jarvik LF, Grossberg GT, et al.,
editors. Comprehensive textbook of geriatric psy-
chiatry. 3rd ed. New York, NY: W.W. Norton &
Company; 2004. p. 105-30.

4. Tchkonia T, Morbeck DE, Zglinicki T, et al. Fat
tissue, aging, and cellular senescence. Aging Cell.
2010;9(5):667-84.

5. Loeser RF. Age-related changes in the musculo-
skeletal system and the development of osteoar-
thritis. Clin Geriatr Med. 2010;26(3):371-86.

6. Kammeyer A, Luiten RM. Oxidation events and
skin aging. Ageing Res Rev. 2015;21:16-29.

7. Ashcroft GS, Mills SJ, Ashworth JJ. Ageing and
wound healing. Biogerontology. 2002;3:337-45.

8. Folkow B, Svanborg A. Physiology of cardiovas-
cular aging. Physiol Rev. 1993;73:725-64.

9. Van de Veire NR, De Backer J, Ascoop AK, et al.
Echocardiographically estimated left ventricular
end-diastolic and right ventricular systolic pres-
sure in normotensive healthy individuals. Int J
Cardiovasc Imaging. 2006;22(5):633-41.

10. Stratton JR, Cerqueira MD, Schwartz RS, et al.
Differences in cardiovascular responses to isopro-



11.

12.

13.

15.

16.

17.

18.

19.

20.

Anatomy and Physiology

terenol in relation to age and exercise training in
healthy men. Circulation. 1992;86(2):504—12.
Kitzman DW, Scholz DG, Hagen PT, et al. Age-
related changes in normal human hearts during
the first 10 decades of life. Part Il (maturity): a
quantitative anatomic study of 765 specimens
from subjects 20 to 99 years old. Mayo Clin Proc.
1988:63(2):137-46.

Taylor BJ, Johnson BD. The pulmonary circula-
tion and exercise responses in the elderly. Semin
Respir Crit Care Med. 2010;31(5):528-38.
Kronenberg RS, Drage CW. Attenuation of the
ventilatory and heart rate responses to hypoxia
and hypercapnia with aging in normal men. J Clin
Invest. 1973;52(8):1812-9.

. Lalley P. The aging respiratory system—pulmo-

nary structure, function and neural control. Respir
Physiol Neurobiol. 2013;187(3):199-210.

Grassi M, Petraccia L, Mennuni G, et al.
Changes, functional disorders, and diseases in
the gastrointestinal tract of elderly. Nutr Hosp.
2011;26(4):659-68.

O’Mahony D, O’Leary P, Quigley EM. Aging
and intestinal motility: a review of factors that
affect intestinal motility in the aged. Drugs Aging.
2002;19(7):515-27.

Schmucker DL, Sanchez H. Liver regen-
eration and aging: a current perspective. Curr
Gerontol Geriatr Res. 2011;2001:8. https://doi.
org/10.1155/2011/526379.

Schmucker D. Age-related changes in liver struc-
ture and function: implications for disease? Exp
Gerontol. 2005;40(8-9):650-9.

Wynne HA, Cope LH, Mutch E, et al. The
effect of age upon liver volume and apparent
liver blood flow in healthy man. Hepatology.
1989;9(2):297-301.

Anantharaju A, Feller A, Chedid A. Aging Liver.
A review. Gerontology. 2002;48(6):343-53.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

61

Woodhouse K, Wynne HA. Age-related changes
in hepatic function. Implications for drug therapy.
Drugs Aging. 1992;2(3):243-55.

Desai AK, Morley JE. The aging body and brain. In:
Agronin ME, Maletta GJ, editors. Principles and prac-
tice of geriatric psychiatry, vol. 1. 2nd ed. Philadelphia,
PA: Lippincott Williams & Wilkins; 2011. p. 4-11.
Hollenberg NK, Adams DF, Solomon HS, et al.
Senescence and the renal vasculature in normal
man. Circ Res. 1974;34:309-16.

Bolton WK, Benton FR, Maclay JG, et al
Spontaneous glomerular sclerosis in aging
Sprague-Dawley rates. Am J Pathol. 1976;85:
227-302.

Weinstein JR, Anderson S. The aging kidney:
physiological changes. Adv Chronic Kidney Dis.
2010;17(4):302-7.

Davies DF, Shock NW. Age changes in glomeru-
lar filtration rate, effective renal plasma flow, and
tubular excretory capacity in adult males. J Clin
Invest. 1950;29:496-507.

Tadic SD, Griffiths D, Schaefer W, et al. Brain
activity underlying impaired continence control in
older women with overactive bladder. Neurourol
Urodyn. 2012;31(5):652-8.

Gilpin SA, Gilpin CJ, Dixon JS, et al. The effect
of age on the autonomic innervation of the urinary
bladder. Br J Urol. 1986;58(4):378-81.

Gunes S, Hekim GN, Arsian MA, et al. Effects of
aging on the male reproductive system. J Assist
Reprod Genet. 2016;33(4):441-54.

Kaiser RM. Physiological and clinical consider-
ations of geriatric patient care. In: Steffens DC,
Blazer DG, Thakur ME, editors. The American
Psychiatric Publishing textbook of geriatric psychi-
atry. 5th ed. Arlington, VA: American Psychiatric
Publishing; 2015. p. 2.

Wickremaratchi MM, Llewelyn JG. Effects of age-
ing on touch. Postgrad Med J. 2006;82(967):301-4.


https://doi.org/10.1155/2011/526379
https://doi.org/10.1155/2011/526379

Part 111
Diagnostic Methods



9

®

Check for
updates

Interviewing and History Taking

Lisa L. Boyle and Ali Abbas Asghar-Ali

A complete assessment of an elderly person is
multifaceted and includes the elements of an
assessment of an adult with special attention to
issues related to aging. Older individuals can be
expected to have more complex histories and
problems that require an interdisciplinary bio-
psychosocial approach to assessment and man-
agement. To help providers with the
biopsychosocial assessment of older adults and
facilitate tracking of complex data and interrela-
tionships, the Wisconsin Star Method
(Figure 9-1) adopts an approach to visually map
the individual’s medical factors, medications,
behavioral or psychiatric factors, social factors,
and personal factors [1, 2].

The Wisconsin Star Method can help facili-
tate the provider or interdisciplinary team’s
approach to gathering data during interview and
history taking while keeping the data organized
and accessible. The various points of the star are
filled in to help provide a better understanding
of the patient and facilitate visual mapping of
potential interactions across the five domains to
inform the biopsychosocial formulation and
subsequent treatment planning for complex
geriatric patients. Generally, the personal arm of
the star tends to need more deliberate attention
as it is less likely to be captured within tradi-
tional electronic medical records. The personal
arm of the star is essential for the provider to
understand the personal meaning of the problem
for the patient. It covers areas such as the

patient’s values, loyalties, personality traits, and
coping. Generally, understanding the problem
and developing an acceptable treatment plan for
the patient requires consideration of the per-
sonal arm of the star. Additional templates and
supporting materials to adopt the Wisconsin
Star Method in geriatric assessment are avail-
able for free public use [2].

Older adults’ medical and treatment histories
tend to have higher degrees of multimorbidities
and polypharmacy [3], resulting in more com-
plexity. Older adults are more at risk for develop-
ing medical ailments that can cause or worsen
cognitive function or psychiatric symptoms.
Moreover, individuals with severe and persistent
mental illness who are aging also have high med-
ical comorbidity, premature disability with higher
rates of institutionalization, and higher use of
emergency services [4]. These challenges can be
due to long-standing problems with self-care and
lack of access to preventative health services [4].
It is therefore important for a geriatric psychiatric
evaluation to include a thorough review of past
medical history in addition to a medical evalua-
tion, along with an assessment of its impact on
the individual. Common areas to which one needs
to be especially vigilant include assessment of
geriatric syndromes such as cognitive impair-
ment, sensory impairments such as vision and
hearing loss, gait disturbance and falls, and iatro-
genic effects. It is important to remember that
older adults have higher risk for delirium [5].
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FIGURE 9-1. The Wisconsin Star Method [1, 2] (Reproduced with permission from T. Howell. Disclaimer: The
Wisconsin Star Method is published in the public domain and as such may not be copyrighted, trademarked, or
patented. Permission is granted to use, reproduce, and/or adapt the Wisconsin Star Method provided this dis-
claimer is included in any and all such materials, including the following acknowledgment: The Madison Veterans
Administration Hospital, the University of Wisconsin-Madison School of Medicine and Public Health, the
Division of Mental Health and Substance Abuse Services of the Wisconsin Department of Health Services,
NAMI Wisconsin, and members of the Wisconsin Department of Geriatric Psychiatry Initiative have provided
in-kind support for the development of the Wisconsin Star Method)

As well, providers working with older adults
can expect a high degree of heterogeneity in
their patients as various factors, stemming from
the interplay of genetic and environmental fac-
tors and lived experiences, can impact how an
individual copes with emotional problems or
psychiatric illness throughout her or his life. One
should assess the older adult’s coping mecha-
nisms, personal values, and goals to help inform
what treatment approaches to consider. An
assessment of psychosocial domains over the
course of the patient’s life is essential. Assessing
and affirming a person’s relevant cultural aspects
during the interview helps build rapport and
allows for a better biopsychosocial formulation.
The Diagnostic and Statistical Manual of Mental
Disorders, fifth edition (DSM-5), contains
guidelines for a cultural formulation interview
with a special supplementary module that
accounts for the needs of older adults [6]. Briefly,
the supplementary module contains the follow-
ing categories that can help the clinician obtain a
thorough understanding of the geriatric person:
(1) conceptions of aging and cultural identity, (2)

conceptions of aging in relationship to illness
attributions and coping, (3) influence of comor-
bid medical problems and treatments, (4) quality
and nature of social supports and caregiving, (5)
additional age-related transitions, and (6) posi-
tive and negative attitudes toward aging and cli-
nician-patient relationship. The questions in
these categories can be implemented throughout
the evaluation process.

Moreover, the functional assessment, along
with social support network, is an essential com-
ponent of the geriatric psychiatry evaluation.
Knowledge of the older adult’s residential setting
along with functional status and supports avail-
able can provide a better understanding of
whether current demands on the older adult
match her or his capabilities and can inform what
additional social or environmental supports may
be needed to promote well-being. Additional
emphasis on the patient’s perceived quality of
life, optimal residential setting, and evaluation of
long-term care needs is also part of a comprehen-
sive assessment. The components of the inter-
view and history taking are provided in Table 9-1.
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TaBLE 9-1. Elements of interviewing and history
taking

History of present illness

Psychiatric and substance use history
Medical history

Medications

Family history

Developmental history

Social history

Considerations in Working
with Older Adults

Older adults have higher risk for sensory impair-
ments as they age [7]. It is important to assess for
visual or hearing impairment that can affect the
person’s ability to engage in the interview. Using
corrective lenses, hearing aids, and, if needed,
amplifiers can ensure that accurate information is
obtained. Also, normal age-associated cognitive
changes result in slower processing of informa-
tion and psychomotor speed [8]. This can present
as benign word-finding delays. The individual
who is interviewing an older adult needs to be
aware of these differences compared to younger
patients and convey patience to the older adult
whom he or she is interviewing. It is helpful to
provide additional time for completion of the
geriatric assessment. Also, conducting the inter-
view in a quiet room can help to minimize
distractions.

Stigma associated with mental illness is a sig-
nificant barrier among older Americans. Negative
attitudes held by society and the individual them-
selves can impact a person’s willingness to share
information or seek help. Accordingly, older
patients may be more hesitant to acknowledge or
provide information regarding psychiatric symp-
toms and therefore require more sensitivity when
eliciting symptoms. Older adults underutilize
mental health services compared with other age
groups, are more likely to receive mental health
care in primary care settings, and tend to engage
in mental health treatment if integrated into pri-
mary care [9]. Primary care providers especially
may have to carve out longer appointment times
or employ a collaborative care team approach to
help support meeting the needs of their geriatric
patients.
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The Role of Collateral
Informants

In geriatric assessment, the inclusion of collateral
informants, who may be a family member, paid
caregiver, or residence staff member, will help the
interdisciplinary geriatric team to gather a com-
plete picture of the person’s history and current
condition, especially in situations in which the
older adult is unable to provide the information due
to cognitive impairment. It is advisable to meet
separately with the older individual prior to includ-
ing an informant to build rapport, promote the
patient’s autonomy, and provide an opportunity to
address concerns in a confidential setting. Providing
protected time and space with the older adult alone
at some time during the assessment provides the
patient an opportunity to respond to questions
about sensitive issues such as potential suicidal ide-
ation, elder mistreatment, or past trauma history,
without fear or undue influence from others. There
may be times when the provider will have to set
firm boundaries if, at any time during the encoun-
ter, it becomes apparent that a family member,
caregiver, or other support person is dominating the
interview or acting in a way that is dismissive of the
older adult or the older adult does not appear com-
fortable speaking up. In these situations, the pro-
vider should request that the support person step
out so that the provider can continue the encounter
alone with the older adult.

Along these lines, it can be helpful to also
allow collateral informants an opportunity to
share their concerns and observations privately in
case there are similar safety or sensitive con-
cerns. Some family or caregivers may not feel
comfortable speaking of their concerns otherwise
for fear of upsetting the older adult. Ideally, an
interdisciplinary team would increase opportuni-
ties for open communication and support of the
older adult and their family or caregivers. The
DSM-5 supplementary modules to the core cul-
tural formulation interview have one designed for
caregivers [6]. It allows for ascertaining the cul-
tural context of caregiving by addressing the fol-
lowing categories: (1) nature of relationship, (2)
caregiving activities and cultural perceptions of
caregiving, (3) social context of caregiving, and
(4) clinical support for caregiving.
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History of Present Illness

Obtaining a thorough history is the first and most
important aspect of the assessment. Though
many older people have intact cognition, others
may not. In either situation, remember to involve
a collateral informant when able.

When eliciting the history, it can be helpful to
hear from the older adult patient her or his under-
standing of the purpose of the visit. Empathic lis-
tening can help facilitate developing rapport and
trust during the encounter. Generally, providing
some time in the beginning to let the patient
speak without interruption can give the provider
a sense of what the patient perceives as her or his
most pressing concerns. Sometimes the older
adult patient may not be aware of the reason for
the visit, and one can reorient the individual
about the purpose to determine if it helps jog her
or his memory or if she or he has some insight
about the concerns. However, another approach
to help facilitate rapport when it becomes clear
that the individual has little insight or concerns
about the referring problem can be to explore
personal and social history before delving into
more sensitive issues.

Ideally, a history of present illness will provide
a clear course of the symptoms (onset and fre-
quency) and their relationship with other health,
medication, personal, and social factors. Taking a
systematic approach to explore the presenting
problem or symptoms includes an exploration of
timeline and precipitating, aggravating, or poten-
tially protective factors or stressors. This
approach should determine whether and how the
symptoms impact daily quality of life and func-
tioning to meet criteria for established psychiat-
ric disorders. Some conditions like Alzheimer’s
disease tend to follow an insidious and gradually
progressive course, whereas other conditions,
like depression, are more likely to be episodic.
The DSM-5 provides an established approach to
diagnosis of mental disorders and can help guide
the types of symptoms to explore during inter-
view [10].

Moreover, due to higher risk for medical
comorbidities and medication use in older adults,
this approach helps to also inform the provider
whether the problem is secondary to another
medical condition, medication or substance use.
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For instance, the presence of delirium or medical/
iatrogenic conditions could be a source of an
acute condition. Older adults are at much greater
risk for developing delirium [5], and even rela-
tively minor metabolic or infectious conditions
can precipitate alterations in mental status or pre-
cipitate psychiatric sequelae. Given the longevity
of many symptoms and the presence of more than
one medical and psychiatric condition, careful
delineation of the multiple complaints is neces-
sary to understand the different syndromes and
their potential interplay. Additionally, some con-
ditions like neurocognitive disorders can be asso-
ciated with changes in personality, so it can be
helpful to determine premorbid personality char-
acteristics and whether there have been any
changes.

In general, providers must pay attention to
safety concerns such as whether the older adult
has been experiencing hopelessness, passive
death ideation, or suicidal ideation. There are dif-
ferent assessment tools that have been validated
to identify older adults who are at risk and aid
providers to help stratify suicide risk between
passive and more active suicidal ideation and
behaviors [11]. Further discussion of suicide
screens can be found in Chap. 12. Assessing
access to lethal means for suicide (e.g., access to
firearms) is important. Additionally, use of alco-
hol or other psychoactive drugs that can be asso-
ciated with impulsivity and disinhibition,
presence of psychotic symptoms or violent
thoughts, or homicidal ideation is part of the
comprehensive geriatric psychiatry assessment.

Psychiatric and Substance
Use History

While most psychiatric illnesses present prior to
the age of 60 years, older individuals may develop
psychiatric illnesses later in life [12]. In either
case, medical/iatrogenic contributors should first
be ruled out as the cause of the psychiatric symp-
toms. When gathering the psychiatric history,
collect as much information about the onset of
symptoms, the frequency and duration of symp-
toms, past treatments and response (psychophar-
macological, other biologic treatments like
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electroconvulsive treatment, as well as nonphar-
macological approaches like psychotherapy),
past hospitalizations, and past suicidal and
aggressive behaviors.

Though alcohol and substance use is not as fre-
quent among older persons than in the younger
population, the rates of use are increasing as the
baby boomer generation ages. The National
Survey on Drug Use and Health (NSDUH)
revealed from 2005 to 2014 increase in alcohol
use disorders in older adults, including in females
[13]. Providers should keep in mind that at least
one in four older adults is prescribed a psychoac-
tive medication with abuse potential and that
these numbers are expected to increase [14].
Given the substantial number of people affected
by substance use in the geriatric population,
screening for these conditions is essential.
Screening instruments validated in older adults
and additional assessment approaches for alcohol
and substance use disorders are reviewed in
Chap. 20.

Establishing a timeline of lifetime exposure to
alcohol, drug, or other psychoactive medications
with potential for misuse and relationship with
behavioral or psychiatric symptoms and func-
tioning can help inform potential substance-
induced psychiatric diagnoses, as substance use
problems can contribute to secondary anxiety,
mood, psychotic, and neurocognitive disorders.

Medical History

Older adults have more comorbid multiple medi-
cal illnesses, and these illnesses can directly result
in neuropsychiatric symptoms or exacerbate previ-
ously existing psychiatric disorders. As well, psy-
chiatric disorders can increase risk for medical or
neurologic diseases or complicate treatment for
these conditions. More detailed review of the asso-
ciations among medical and neurologic disorders
and behavioral or psychiatric conditions in later
life can be found in Chaps. 32-34.

Special attention should be paid to acute
changes in medical illnesses that can result in
delirium. Depending on the practice setting (i.e.,
intensive care unit, medical or surgical acute hos-
pitalization, or outpatient clinic), one could
consider implementing different delirium screens
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TaBLE 9-2. Common geriatric syndromes

Apathy

Cognitive impairment (delirium, dementia)
Falls

Frailty

Incontinence

Malnutrition

Mood disturbance

Pain

Sensory impairment

Sleep disturbance

Polypharmacy and inappropriate prescribing
Pressure sores

and assessment tools as part of an evaluation
[15]. An assessment of pain and treatments
received for pain is essential as approximately
60-75% of older adults have complaints of
chronic pain, and persistent pain has been associ-
ated with higher rates of depression, sleep distur-
bance, and suicidal ideation [16]. Also, many
older adults with chronic pain are prescribed psy-
choactive medications.

Table 9-2 highlights common geriatric syn-
dromes that can either contribute to behavioral or
psychiatric problems or can be complications of
psychiatric  disorders or its management.
Screening for these is part of a comprehensive
geriatric assessment [17].

The American Geriatrics Society has pub-
lished a Geriatrics Evaluation and Management
Tools (GEMS) mobile app to aid providers caring
for older adults to manage several geriatric syn-
dromes, including assessment and management
of behavioral disturbances in dementia, delirium,
and depression, among several others [18].

Medications

Medication reconciliation is of much greater
importance in older adults since they are pre-
scribed more medications than younger adults
and they are more prone to adverse side effects,
cognitive and functional impairments, poorer
health outcomes, and higher costs [19]. Providers
should be aware of the 2015 American Geriatrics
Society’s Beers Criteria [20]. The Beers Criteria
provide guidelines for potentially inappropriate
medications to be avoided in older adults in gen-
eral and in older adults with certain diseases and
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syndromes in which drugs can exacerbate the dis-
ease or syndrome. Also, it provides guidelines for
medications that are to be used with caution
among older adults or for which dose adjustment
is required based on kidney function and medica-
tions that can result in drug-drug interactions.
A review of potential psychoactive effects of var-
ious medications is beyond the scope of this
chapter; however, a thorough review of issues
related to pharmacology and psychopharmacol-
ogy can be found in Chap. 25.

The medication reconciliation should include
assessment of over-the-counter medications and
supplements as well as any “borrowed” medica-
tions. Asking the older adult to bring their medi-
cation bottles and reviewing how he or she takes
one’s medications can enhance medication rec-
onciliation. During discussion of medication use,
it may become apparent that the older adult is
experiencing cognitive or other challenges with
self-administering her or his medications, and
this can be an opportunity to address barriers.
Exploration of adopted strategies (e.g., charting,
pillboxes) or willingness to try different memory-
cuing approaches can help facilitate adherence.
Some older adults rely on family or other
caregivers such as visiting nurses or residential
facility nurses to help with administration of their
medications, and in such circumstances, any rec-
ommended changes must be shared with caregiv-
ers. In general, it is standard practice to provide
all changes to medications in writing along with
possible, common, or concerning side effects.

Family History

A family psychiatric history provides essential
information regarding genetic vulnerability for
certain illnesses. If there is a history of psychiat-
ric illness in family members, asking about medi-
cations that have been helpful to family members
is important as the older adult may also respond
to the same medication. A family member’s
illness course and history of suicidal behaviors
may provide additional insights and inform risks
to help care for the older adult. People with fam-
ily psychiatric history will likely present at a
younger age compared to those who do not have
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afamily history. Some disorders, like Alzheimer’s
disease, more commonly present later in life and
establishing a family history of Alzheimer’s dis-
ease or dementia, can help inform risk. Though
many seniors may present for the first time with
psychiatric symptoms at an older age, they may
have been experiencing symptoms for several
years.

Developmental History

Depending on the person’s cognitive function,
obtaining a developmental history may be chal-
lenging as children and spouses may not have as
much information about an older person’s early
developmental experiences. Nonetheless, child-
hood experiences, years of schooling, any per-
ceived or formally diagnosed history of learning
disability or ADHD during early schooling, rela-
tionships with parents, and exposure to abuse,
neglect, or trauma are all necessary to understand
a person’s psychological strengths and vulnera-
bilities. This information can help a clinician bet-
ter appreciate the patient’s perspectives and
treatment goals.

Social History

The social history is a varied collection of infor-
mation related to the older person’s social cir-
cumstances and well-being. The elements of the
social history can be found in Table 9-3. The
evaluation of an older adult’s late-life develop-
ment is essential, and a more detailed review of
common challenges such as bereavement and
retirement can be found in Chap. 1.

Ultimately the social history should forge an
understanding of the person as a whole. Paired
with an assessment of personality traits,
strengths, and coping strategies, it creates a psy-
chosocial context for the biologically related
complaints and conditions. Frequently, barriers
to implementation of behavioral changes and
adherence to treatment recommendations can be
understood in the context of an individual’s psy-
chosocial history (e.g., an older adult not taking
prescribed medications due to severe financial
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TABLE 9-3. Social history

Relationships (e.g., marital status, children, sexual
orientation, support network)

Living arrangements (to include caregiving supports and
transportation)

Work history (including retirement)

Financial status

Affiliations with social organizations, religious/spiritual
practices

Recreational activities

Losses (family, friends, possessions, functional ability) or
recent transitions

Legal issues (e.g., driving infractions, divorce)

Advance directives and preferences for future care needs

barriers, an older adult not engaging in behav-
ioral therapy if the recommended treatments do
not align with her or his personal values or moti-
vation for change).

When attempting to engage with a patient and
establish rapport, exploring what the older adult
finds meaningful can provide a foundation to
develop and negotiate an approach to treatment
that the patient finds acceptable. Kunik proposed
asking geriatric patients five questions during the
clinical assessment to help assess what gives the
patient meaning in life and purpose: (1) What
gives your life purpose or meaning currently?, (2)
What brings you enjoyment or pleasure in life?,
(3) What are the most important relationships in
your life right now?, (4) What role does religion
or spirituality play in your life?, and (5) What are
your current life goals [21]?

Caregiver and Family
Considerations

Although formally, the older adult is the geriatric
provider’s patient, when older adults have care-
givers or involved family, optimal care and inter-
ventions will address family and caregivers’ needs
in therapeutic interventions. Therefore, as part of
a comprehensive geropsychiatric assessment, the
provider will need to assess also the caregiver or
family for possible depression, stress, or unmet
needs. Assessment of the older adult’s family can
help providers better understand long-established
family dynamics, communication, and conflict
management tendencies that may impact the care
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of the older adult, potentially pose barriers to
implementation of interventions, or help resolve
conflict [22]. Several caregiver assessment tools
are available [23]. The Zarit Caregiver Burden
Interview’s 12-item short-version and 4-item
screen have been validated to identify caregivers
of older adults at risk [24]. More details regarding
the role of caregivers and family supports and
potential needs can be found in Chap. 4.

Routine screening for caregiver distress can
help providers facilitate referrals for supportive
services for caregivers or family members,
including referrals to their primary care provid-
ers, social work consults to link with additional
in-home or community supports, or referrals for
psychotherapy and counseling. The National
Alliance for the Mentally 11l (NAMI, www.nami.
org) provides support to family members and
caregivers for those with mental illness, while the
Alzheimer’s Association (www.alz.org) provides
support for family members and caregivers for
those with dementia.

Conclusion

A comprehensive interview of an older adult is
essential to inform appropriate diagnosis and
treatment. It is essential to establish rapport and
address any potential barriers that could interfere
with the interview. Providing a quiet space to
minimize distractions, along with an adequate
amount of time to complete the assessment, is
essential for success. In addition to being aware
of normal age-associated changes in information
processing and psychomotor speed as well as
higher risks for cognitive and sensory impair-
ments that can impact the quality of the inter-
view, providers need to be able to gather complex
histories that encompass interactive psychiatric,
psychological, medical, and social histories over
the life span. Obtaining additional history from
collateral informants can provide further infor-
mation, especially in cases when the older adult
has cognitive impairment. However, providers
need to be sensitive to issues related to autonomy
and confidentiality and managing potential
patient and family or caregiver dynamics during
the encounter. Finally, in many situations when
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working with an older adult, the provider will be
caring not just for the older adult patient, but also
providing support for her or his caregiver or fam-
ily. It is helpful to remember to assess for possi-
ble caregiver depression, stress, or unmet needs
to minimize potential barriers to care and opti-
mally care for the older adult.
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Mental Status Examination

Ali Abbas Asghar-Ali and Lisa L. Boyle

The mental status exam is an assessment of the
mental and emotional state of the person during
the meeting. Like the physical exam, it plays a
central role in the evaluation and understand-
ing of a patient. Accordingly, it must be a part
of a complete examination. While many aspects
of the mental status exam will be similar across
all age groups, when examining an older adult,
the provider should be aware of some potential
differences. Benign age-associated information
processing and psychomotor slowing may erro-
neously lead an examiner to attribute observed
changes in these areas to pathologic etiologies if
one is not aware of these normal cognitive aging
changes. Additionally, hearing or visual impair-
ments, which occur more frequently as people
age, may lead to an examiner to observe that a
patient appears aloof, confused, or distracted
which can lead to a broad differential diagnosis.
However, it is important the examiner be able to
recognize sensory impairment contributing to
these findings on exam to facilitate appropriate
management.

While some aspects of the mental status exam
will require specific questions, most elements can
be assessed over the course of the interview. We
will review each of the items in a mental status
exam below.

Mental Status Examination [1, 2]

Appearance

Pay attention to the person’s grooming, dress,
and physical features. Include features that are
notable or contribute to an understanding of the
person. For example, an elderly patient with
depressive illness who is not eating and not
attentive to his personal hygiene may present as
“Dressed in soiled clothing, shirt unbuttoned;
unshaven and hair in disarray; cachectic w/vis-
ible temporal wasting.”

Behavior and Attitude

This describes the manner in which the person
interacts with the clinician, e.g., “forthcoming
and polite” or “guarded and distant.”

Motor Activity

In younger adults, this may often be limited to a
description of the degree of activity, i.e., retarded
or increased (e.g., fidgety, pacing, twitching).
However, in the elderly, there is an increased risk
for neurologic changes that may manifest with
motor findings. In the geriatric person, include

© Springer International Publishing AG, part of Springer Nature 2018 75
R. R. Tampi et al. (eds.), Psychiatric Disorders Late in Life, https://doi.org/10.1007/978-3-319-73078-3_10


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-73078-3_10&domain=pdf

76

a comment about tremors, hyperkinetic motor
movements (dyskinesias), and gait. These are
important in assessing medication side effects,
concurrent neurologic illnesses, and safety.
Further review of this topic can be found in
Chap. 4E.

Speech

Speech can reveal both an emotional state and
also neurologic findings. Document the rate, vol-
ume, tone (e.g., monotone), and spontaneity. For
example, an older adult with dementia may have
pronounced word-finding difficulties or exhibit
paraphasic errors in speech. Further review of
this topic can be found in Chap. 4E.

Mood

Mood is generally considered to be the internal
state of a person that is sustained over time. It is
often documented in the patient’s words, though
it does not always have to be explicitly elicited
and may come up spontaneously in the interview.

Affect

Affect is a description of the person’s physical
manifestations of their emotional state. Affect is
defined by six features: (1) general description
(e.g., euthymic, elevated, dysphoric), (2) range
(flat, blunted, constricted, full), (3) stability
(stable vs. labile), (4) appropriateness (degree to
which affect matches the content of the thoughts
being conveyed), (5) intensity (the depth or
degree of the emotions), and (6) congruency
(whether the affect is congruent or incongruent
with the stated mood). A person in the midst of
a depressive episode may present as “Dysthymic,
blunted, stable, appropriate, increased intensity,
congruent with mood.”

Though Process

Thought process is usually described using one of
the following terms: (1) goal directed (thoughts
flow coherently from one point to another), (2)
circumstantial (thoughts are often convoluted and
meandering though ultimately answer the posed
question; may be seen in persons with mild cog-

A. A. Asghar-Ali and L. L. Boyle

nitive impairment), (3) flight of ideas (rapidly
shifting, connected thoughts in the context of
pressured speech; commonly seen in persons
experiencing mania), (4) loosening of associa-
tions (fragmented thoughts with no discernible
connections between thoughts; commonly seen
in persons experiencing psychosis or moder-
ate degrees of neurocognitive compromise),
or (5) word salad (individual words seemingly
unconnected; rare and if observed, it is typically
in context of delirium or significant language
impairment).

Thought Content

Suicidality, homicidality, and disturbances in
thoughts (delusions and obsessions) are recorded
in this section.

For suicidality, it is best to ask these ques-
tions directly but with empathy as many people
experience great shame in disclosing suicidal
thoughts. First assess whether suicidal thoughts
are present. If present, these may be passive,
i.e., believing that one would be better off dead,
or active, i.e., a desire to end one’s life. If sui-
cidality is present, assess for a plan for harm-
ing or killing herself or himself and access to
the means of executing the plan. For example,
the plan may be shoot herself or himself, and
the patient has access to a loaded gun at home.
Finally, assess for intent to enact the plan. You
may ask “have you ever shot yourself,” or “how
close have you come to shooting yourself.”
Developing a suicide safety plan which includes
means restriction with the older adult is criti-
cally important. Conti et al. have provided a
step-by-step manual for safety planning with
older adults [3]. Various suicide screening tools
have been developed [4], and adopting such
tools can be helpful as part of the geropsychiat-
ric assessment [5]. Chapter 4D will review sui-
cide screens in older adults.

Delusions in the elderly occur most commonly
in those experiencing psychotic features as a part
of a major depressive disorder in which case the
delusions are often nihilistic or as a part of neuro-
psychiatric symptoms due to a major neurocog-
nitive disorder. In the latter situation, phantom
boarder, delusions of jealousy, and persecutory
delusions are most common.
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Perceptions

Hallucinations and illusions are recorded in this
section of the mental status exam. Hallucinations
in the elderly, especially visual hallucinations,
are concerning for delirium. Dementia with
Lewy bodies is also often known to manifest with
visual hallucinations. Additional types of halluci-
nations can be olfactory and tactile.

Judgment

Judgment refers to the older adult’s ability to
make informed decisions about their life, includ-
ing health and finances. As noted with other ele-
ments of the mental status exam, judgment should
be assessed throughout the interview. Additional
collateral data may need to be collected to objec-
tively determine judgment.

Insight

Insight is defined as the degree of the patient’s
understanding of his or her condition (illnesses
and their impact).

Both judgment and insight can be impaired by
alterations in mood, thought processes or content
(as seen in psychotic disorders), and cognition.
When there is concern for impairment in judg-
ment, or insight, the physician should assess
the reason for the impairment and whether the
patient has decisional capacity to manage her or
his healthcare.

Cognition

For many younger patients, cognition is not evalu-
ated formally beyond whether the patient appears
to be alert and able to provide reliable history.
Commonly, providers will screen for orientation at
the most basic level. However, for the older adult,
it is important to systematically establish cognitive
functioning.

In brief, the cognitive domains include alert-
ness, attention, orientation, executive function,
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abstraction, memory, language, and visuospatial
processing. Additionally, providers should be
aware that sensory impairments (e.g., hearing or
vision loss) can impact performance on cogni-
tive tests and consider these impairments in their
interpretation of findings. The approach to cogni-
tive screening will be reviewed in Chap. 4D.

Conclusion

The mental status exam in an older adult gener-
ally follows the same approach one would take
with a younger adult with the exception that the
examiner needs to be sensitive to potential cog-
nitive and sensory changes and provide accom-
modations if needed. Additionally, due to higher
prevalence and risk of neurocognitive disorders
in older adults, assessment of the cognitive part
of the mental status exam needs to be more
comprehensive.
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The provider should assess functioning as part of
a comprehensive geropsychiatric assessment and
consider reviewing functional status with older
patients at follow-up appointments and at mini-
mum, annually. In general, late-life developmen-
tal challenges such as retirement or loss of a
spouse or elderly friends can pose challenges
when assessing impact of psychiatric symptoms
on social and occupational functioning. However,
it can be helpful to establish current day-to-day
functioning and compare with premorbid func-
tioning. One can ask about the context of retire-
ment to help determine whether the transition to
retirement was volitional or caused by mental or
physical health problems. Additionally, for iso-
lated elderly who live alone or lack access to easy
transportation, assessment of social functioning
can be challenging.

There are well-established approaches to
assessing daily functioning, and the most com-
monly used are the Katz Index for Independence
in Activities of Daily Living (ADL) [1] and the
Lawton Instrumental Activities of Daily Living
(IADL) Scale [2].

ADL refers to activities that focus on basic
personal care, compared with IADL referring to
more complicated and cognitive tasks to support
independent living. ADL and IADL should be
assessed in the context of both psychiatric and
medical history taking. For instance, it is helpful
to gather self-report from the older adult about
one’s functioning. Unfortunately, older adults
with neurocognitive disorders and limited insight

may overestimate their ability to care for one self
independently, and this may not come to light
unless collateral information is available.
Therefore, comparing self-report with report
from a collateral informant, when available, is
advisable. Also, it can be helpful to obtain opin-
ions whether any impairment in her or his ability
to perform ADL or IADL functions is due to cog-
nitive, psychological (e.g., from amotivational
symptoms of depression or avoidance due to
anxiety), or physical or sensory impairment
challenges.

The Katz ADL scale [1] assesses six areas of
functioning, including bathing, dressing, toilet-
ing, transferring, continence, and feeding, and
whether the individual can perform these inde-
pendently. Scores range from O to 6, with scores
of 2 or less revealing severe functional impair-
ment, compared with scores of 3-4 revealing
moderate impairment, and scores of 6 indicating
full functioning.

The Lawton IADL scale [2] assesses more com-
plex functioning and surveys eight areas, includ-
ing ability to use the telephone, shopping, food
preparation, housekeeping, laundry, mode of
transportation, responsibility for own medications,
and ability to handle finances. Given potential for
cultural or gender differences, it can help to estab-
lish whether the older adult ever historically par-
ticipated in the tasks (e.g., food preparation,
housekeeping) to determine whether he or she has
experienced a decline in functioning. Scores range
from O to 8, with lower scores associated with
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lower functioning and higher degrees of depen-
dency and higher scores associated with higher
functioning and higher degrees of independence.

An additional tool to screen for risk for physical
disability includes the Short Physical Performance
Battery Protocol (SPPB). The SPPB consists of a
brief series of three tests that include balance
(side-by-side, semi-tandem standing, and tandem
stand) (score range 0—4), walking speed (score
range 0—4), and chair stand test (score range 0—4).
It results in a composite score (range 0—12) that
stratifies physical disability and has been associ-
ated with disability, nursing home placement, and
mortality [3, 4]. Scores <10 have been shown to
identify seniors at risk for all-cause mortality [5].

Frailty is a geriatric syndrome that is associated
with muscle weakness, fatigue, slowed walking,
and reduced weight and physical activity and
associated with poorer outcomes such as falls,
slower recovery times, and increased dependency,
disability, and mortality [6]. The Vulnerable
Elders Survey (VES-13) provides a risk assess-
ment for frailty [7]. The VES-13 screens age, per-
ceived health status, and difficulty performing
physical activities such as stopping, crouching, or
kneeling, lifting or carrying objects as heavy as
ten pounds, reaching or extending arms above
shoulder level, writing or handling and grasping
small objects, walking a quarter of a mile, and
heavy housework such as scrubbing floors or
washing windows. Also, it asks about whether
impairments from health or physical conditions
interfere with five functional tasks (shopping,
managing finances, walking across a room, doing
light housework, and bathing or showering).
Positive screens can inform degree of vulnerabil-
ity risk and guide additional assessment including
possible referrals to nutrition, physical, or occupa-
tional therapy to optimize nutrition and strength.

In situations when individual or collateral self-
report does not align or there is discrepancy
between the examination and reported function-
ing, providers may need additional objective
information to augment the assessment of an older
adult. Commonly, this occurs in situations of sus-
pected cognitive impairment. It can be helpful to
refer to neuropsychology, speech, occupational
therapy, physical therapy, audiology, or nutritional
services to complete additional cognitive or func-
tional assessments. Referral for behind-the-wheel
driving assessment may be helpful [8].
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Conclusion

The geriatric mental health provider needs to be
well-versed with various approaches to assess
functioning in her or his older adult patient. Beyond
self-report, obtaining additional collateral infor-
mant report and objective bedside assessment can
help supplement understanding of an older adult’s
functional impairments, risk for disability and poor
health outcomes, and potential targets for interven-
tion. Additionally, one can consider further referral
to neuropsychology, speech, occupational therapy,
physical therapy, audiology, or nutritional services
for additional evaluation and management.
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and Neuropsychological Testing

Lisa L. Boyle

Geriatric mental health providers have several
tools available to help characterize older adults’
personality traits, along with screens for depres-
sion, suicidal ideation, anxiety, trauma, and
bipolar disorder. Some of these tools also can be
helpful to track treatment response. This section
will review additional diagnostic tools that can
be used to supplement the geriatric mental health
provider’s history taking and exam. Regardless of
the tools used, it is important that providers under-
stand the patient’s cognitive functioning to val-
idly interpret the results. Normal age-associated
cognitive changes and commonly used cogni-
tive assessment tools to help identify abnormal
changes consistent with dementia during bed-
side testing will be reviewed. Some patients may
need further, more detailed psychometric assess-
ment, and especially in situations when there is
diagnostic uncertainty, comorbid mood or other
psychiatric conditions that may confound cogni-
tive assessment, or lack of treatment response,
patients can be referred to neuropsychology.

Personality and Psychological
Assessment

In concert with understanding an older adult’s
development and social history, an understand-
ing of an individual’s personal strengths and val-
ues, characterological or personality traits, and
coping strategies when faced with loss or stress

is invaluable. Generally, collection of this data
may take some time and may not be apparent in
the initial evaluation but unfold as the therapeu-
tic relationship builds. These data usually will
not be readily apparent from chart review of tra-
ditional medical records. If using the Wisconsin
Star Method [1], this information would be
recorded under the personal arm of the star and
is essential to help inform potential therapy
approaches.

The NEO Five-Factor Inventory [2] is a tool
that has been developed that assesses five dif-
ferent personality characteristics: neuroticism
(vs. emotional stability), extraversion (vs. intro-
version), openness to experience (vs. closed-
ness), agreeableness (vs. antagonism), and
conscientiousness (vs. irresponsibility). It is self-
administered and has been used in older adults.
Certain personality traits have been found to be
associated with increased health services utiliza-
tion [3]. Also, certain personality traits, such as
higher conscientiousness, may be protective and
have been associated with lower mortality risk
[4], while higher neuroticism in older adults has
been associated with higher risk for medication
nonadherence [5]. Low conscientiousness, low
openness to experience, and high neuroticism
have been associated with higher risk for devel-
oping Alzheimer’s disease [6].

Beyond gathering data through unstructured
interview or the use of self-administered tools,
the geriatric mental health provider may consider
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asking the patient to undergo further psychologi-
cal assessment with a psychologist, especially in
cases that are atypical in presentation, or if there
is diagnostic uncertainty or treatment resistance.

Depression

Patient self-administered screens can be helpful
to identify seniors who have depression [7]. The
following section will discuss options that are
available in the public domain for free use. Two
of the most commonly used screens in the clini-
cal setting include the Geriatric Depression Scale
(Short Form, GDS) [8] and the Patient Health
Questionnaire (PHQ9) [9]. The GDS short form
is a 15-item yes-no scale that focuses more on
cognitive and non-neurovegetative symptoms of
depression. Scores >5 points are considered posi-
tive and should be further evaluated.

The PHQ9, an alternative depressive screen
also has been validated for use in older adults and
has been widely used in primary care and col-
laborative care practices [7]. It consists of nine
questions that assess the frequency of the nine
symptoms found in the Diagnostic and Statistical
Manual of Mental Disorders 5th Edition (DSMS5)
[10] criteria for major depression (each individu-
ally scored 0-3) and a final question asking how
much the endorsed symptoms interfere with
functioning (unscored). Total scores range from
0 to 27. Scores above 5 are considered a posi-
tive screen for depression, with 5-9 suggestive
of mild depression, 10—14 suggestive of moder-
ate depression, 15-19 suggestive of moderately
severe depression, and 20 or above suggestive of
severe depression. Providers should then follow
up with additional interview questions and evalu-
ation to verify the mood diagnosis. Protocols for
treatment that utilize tracking PHQ9 response
are common in collaborative care models of
treatment of late-life depression in primary care
settings. The PHQ?2 is a shorter screen that asks
about the two cardinal symptoms of depres-
sion: little interest or pleasure and feeling down,
depressed or hopeless. It has also been validated
for use in screening older adults for depression
[11]. Positive PHQ?2 screens should lead to com-
pletion of the full PHQY screen.

L. L. Boyle

An additional option for a depression self-
administered assessment tool is the Center for
Epidemiologic Studies Depression (CESD) Scale
[12]. The CESD is a 20-item scale that assesses
the nine depressive symptoms found in the DSM5
and scores range from 0 to 60.

Generally, geriatric mental health providers
need to recognize that evaluation of depression
in patients with significant cognitive impair-
ment or depression is challenged by several fac-
tors, including potential underreporting due to
forgetfulness, reliance on caregiver report, and
overlapping neurovegetative symptoms between
dementia and depression [13]. Depressive screens
may be limited for use in patients with severe
cognitive impairment or dementia [14], so pro-
viders should assess cognitive status before inter-
preting results. The Cornell Scale for Depression
in Dementia [15] is a validated depression assess-
ment tool for patients with dementia. It consists
of two semi-structured interviews (caregiver
informant and the patient), takes about 20 min
to complete, and has a caregiver-informant sec-
tion along with a clinical assessment section.
Scores are totaled, with <6 considered negative,
>10 positive for probable major depression, and
scores >18 definite major depression.

Suicide Screens in Older Adults

The US Preventive Services Task Force
(USPSTF) found insufficient evidence to recom-
mend routine screening for suicide in primary
care [16]; however, when evaluating older adults
for behavioral or psychiatric concerns, assess-
ment for suicide risk is necessary. Psychiatric
illness is the most robust risk factor for suicide
in older adults. Poor health, impaired function-
ing, pain, loss of independence, and stressful life
events have also been recognized, while social
connectedness is felt to be a protective factor
[17]. Generally, providers should ask about the
presence of suicidal ideation, and if present,
then evaluate the severity to inform safe treat-
ment planning and disposition. If providers use
standardized depression screens in their practice,
then positive screens should be coupled with fur-
ther assessment of suicidal ideation.
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Raue and colleagues propose an approach that
follows a hierarchical set of questions, starting
with questions assessing passive suicide ide-
ation and active suicide ideation; type of method,
frequency, and persistence; and survey for life
stressors, followed by specific suicide plan,
intention to act, reasons for living, and impulse
control [18].

The USPSTF assessed various tools such as
a three-item screen that consists of “thoughts of
death,” “wishing you were dead,” and “feeling
suicidal” within the previous month, which had
been used in a primary care population with older
adult representation [16].

Heisel and colleagues found that the Geriatric
Depression Scale (GDS), using a cutoff of four
(sensitivity 0.754, specificity 0.815), along with
an adapted version of the GDS consisting of
five items from the GDS that included symp-
toms of feeling life is empty, worthlessness,
and hopelessness and two questions about mood
(GDS-SI) with cutoff of one, can help identify
older adults with suicidal ideation in a primary
care setting [19].

Other potential tools to assess for suicide ide-
ation include the Columbia-Suicide Severity
Rating Scale [20] and the P4 screener [21], which
is a shorter screen that has been developed for use
in primary care.

Anxiety, Trauma, and Bipolar
Disorders

Assessment of anxiety disorders in older adults
can be more challenging due to overlap of some
somatic symptoms associated with other medi-
cal problems. Generalized anxiety disorder
(GAD) is the most common anxiety disorder in
late life [22]. Compared with depression, anxi-
ety in older adults and screening tools to iden-
tify anxiety disorders in late life have not been
as well studied [23]. The GAD-7 is a seven-item
tool that maps to DSM criteria for GAD and can
be used to screen for GAD, characterize symp-
tom severity, and response to treatment [24].
Its use has been validated in older adults with
a suggested lower cutoff of 5 (instead of 10),
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while the two-item GAD (GAD-2), which con-
sists of the first two items of the GAD-7, should
have a lower cutoff of 2 instead of 3 [23]. The
14-item Hamilton Anxiety Rating Scale (HAM-
A) has been used to follow treatment response in
anxiety intervention trials in older patients with
GAD [25].

The DSM-5 re-categorized post-traumatic
stress disorder (PTSD) to a new category,
trauma- and stressor-related disorders. The self-
report PTSD Checklist (PCL) has been used with
older adults, and generally a lower cutoff is rec-
ommended [26].

Bipolar screening tools have not been devel-
oped specifically for older adults [27]. Tools
to assess bipolar disorder have largely been
validated in younger or mixed-age populations;
however, several tools, such as the Young Mania
Rating Scale, Montgomery-Asberg Depression
Rating Scale, and the Clinical Global Impression-
Bipolar Disorder, have been recently included in
a multicenter clinical trial of mood stabilizers in
late-life mania [28].

Normal Age-Associated
Cognitive Changes

Cross-sectional and longitudinal studies of
cognitive abilities across the life span support
that there are normal age-associated cognitive
changes that can be expected in healthy older
adults [29]. With that said, there can also be het-
erogeneity in the degree in which older adults
experience decline in their abilities. The geri-
atric mental health provider needs to be aware
of what is likely to be normal benign cognitive
changes compared with pathological changes in
order to ensure appropriate diagnosis and man-
agement of cognitive concerns. Table 12-1 pro-
vides an overview of various cognitive domains,
whether one can expect age-associated cognitive
changes and potential clinical implications of
these changes.

Adapted from: Harada CN, Natelson Love
MC, Triebeld K. Normal Cognitive Aging. Clin
Geriatr Med. 2013; 29:737-752. doi:https://doi.
org/10.1016/j.cger.2013.07.002
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TaBLE 12-1. Normal age-associated cognitive changes [29]
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Cognitive domain

Abilities

Age-associated changes

Clinical implications

Crystallized
intelligence

Fluid intelligence

Processing speed
(fluid)

Attention (fluid)

Memory (fluid)

Language
(crystallized > fluid)

Overlearned, well-practiced
knowledge and skills (e.g.,

vocabulary, general
knowledge)
Problem-solving and

reasoning in novel, less

familiar situations

(incorporates executive
function, processing speed,
memory, psychomotor)

Cognitive processing and
motor response speed

Concentration, focus
Simple attention:

— Immediate recall (repeating

string of numbers)
Complex attention:

— Selective attention: ability
to focus on task when in
distracting environment

(conversation in loud
restaurant)
— Divided attention:
focus divided while
multitasking

Ability to recall information

Declarative (explicit)
memory:

— Conscious recall of events/

facts
— Two types:

1. Semantic memory (fund
of knowledge, such as

meaning of words)
2. Episodic memory
(autobiographical or
personal memory)
Nondeclarative (implicit)
memory:

— Unconscious recall (outside

of awareness)

— Procedural memory (motor
and cognitive, e.g., riding a

bicycle)
Vocabulary

Confrontation naming (e.g.,

object naming)

Verbal fluency

(e.g., categorical or letter

naming)

Stable or gradually
improved with age
through the sixth or
seventh decades

Declines with age

Declines with age after
third decade

Minimal change on
simple attention
tasks

Complex attention
declines with age.

Episodic memory
declines over the life
span.

Semantic memory
declines in later life.

Remains unchanged
with age

Stable/improves across
life span

Initially stable but
declines in later life
(>70)

Decreases with age

Accumulated wisdom can be a strength
for an older adult.

May impact an older adult’s ability to
novel-problem solve or adapt to new
situations as quickly as someone
younger.

Can impact other neuropsychological
test results, older adults may need
longer time to process information
and complete an assessment or
interview.

Important to minimize distractions
during the assessment. It can be
helpful to counsel patients to focus on
one task at a time before moving to
the next task and avoid multitasking.
Counsel family or caregivers to
ensure full attention of the older adult
when communicating.

Age-associated memory decline can be
multifactorial (e.g., changes in
processing speed, ability to disregard
unrelated info, or utilizing less
pro-memory/learning strategies).

Some memory stages affected by aging

— Decreased rate for encoding new
memories with age

— Preserved ability to retain newly
learned information with age

— Decreased access to stored memories
(retrieval) with age

Words “on the tip of the tongue” more
common in older adults

May take a little longer for older adults
to express themselves in an interview
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TABLE 12-1 (continued)
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Cognitive domain Abilities

Age-associated changes Clinical implications

Visuospatial Ability to conceptualize
construction 2D/3D space
(both crystallized
and fluid)

Visual construction

— Ability to assimilate parts
to construct a
comprehensive whole

Visual spatial

— Object perception: identify
objects (e.g., familiar faces)

— Spatial perception: how
objects physically relate in

Abnormalities in visuospatial perception
(e.g., fender benders or difficulties
parking the car) should signal further
work-up for etiology.

Decreases with age

Stable with age

Executive function
(fluid)

space with each other

Heterogeneous set of
cognitive skills that
facilitate independent
functioning

— Self-monitoring

— Planning

— Organization

— Reasoning

— Set-shifting/mental
flexibility

— Problem-solving

Aging (>70 years old)
has been associated
with decreases in:

— Abstraction

— Mental flexibility

— Response inhibition

— Slower if executive
function task tied to
motor speed

— Inductive reasoning
(starting >45 years
old)

— Reasoning for novel
situations

stable across life span

— Recognizing
similarities

— Proverb
interpretation

— Reasoning for
familiar situations

Executive dysfunction increases risk for
inability to manage self-care,
associated with decline in
instrumental activities of daily living
(IADL) [30].

Cognitive Screening

The USPSTF guidelines report that there is not
enough evidence to support screening for cogni-
tive impairment in community-dwelling popu-
lations 65 years and over [31]. However, if the
geriatric mental health or primary care provider
has clinical suspicion or if there are caregiver or
patient concerns, further assessment is warranted.

Additionally, late-onset psychiatric disorders
have high associations with neurocognitive dis-
orders, so at-risk populations of older adults who

present with behavioral or psychiatric concerns
should have at minimum a brief cognitive assess-
ment. Older adults with chronic mood disorders
(i.e., depressive or bipolar disorder) or other psy-
chiatric disorders (i.e., schizophrenia or PTSD)
may be at higher risk for developing cognitive
disorders later in life and should be considered
for screening and baseline cognitive assessment.

There are a variety of cognitive screens that
can be used in the office or inpatient setting. The
Alzheimer’s Association, in collaboration with a
panel of dementia experts, has developed online
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resources for providers to use for cognitive assess-
ment as part of the Medicare’s Annual Wellness
Visit in primary care [32]. They recognize that
there is no “gold standard” tool for detection of
cognitive impairment and recommend objec-
tive cognitive assessment. They include three
options of validated patient-assessment cognitive
screens, the mini-cog, the Memory Impairment
Screen, and the General Practitioner Assessment
of Cognition (GPCOG). All of these screens are
brief (<5 min), validated, and comparable or supe-
rior to the MMSE for detection of dementia. They
also include three options for informant-based
cognitive screens: the short form of the Informant
Questionnaire for Cognitive Decline in the Elderly
(short-IQCODE), the 8-Item Informant Interview
to Differentiate Aging and Dementia (ADS), and
the GPCOG.

Commonly used bedside cognitive screens are
listed in Table 12-2. This table is not considered
all-inclusive.

TABLE 12-2. Common cognitive screens

L. L. Boyle

When adopting a cognitive screen, it is essen-
tial to be familiar with what the screen was
designed to detect (e.g., cortical dementia such
as Alzheimer’s disease vs. other subcortical types
of dementia). An example of a bedside assess-
ment tool that can help distinguish frontal type
dementia from mild Alzheimer’s disease is the
Frontal Assessment Battery, with a cutoff of <12
suggestive of frontal dysexecutive type dementia
(sensitivity 77%, specificity 87%) [39].

Scales, such as the Functional Assessment
Staging Test (FAST) [40] and the Clinical
Dementia Rating (CDR) Scale [41, 42], that
characterize global assessment of functioning
in dementia patients can be useful. The data
collected from semi-structured interview of the
patient and informant caregivers are used to com-
plete these scales. The FAST has seven stages to
characterize the course of Alzheimer’s disease,
ranging from no functional difficulties (stage 1)
to severe impairments such as speaking less than

A.
Mini-cog [33]

Mini-Mental State Exam (MMSE) [34]

Neurocognitive Memory, executive function, perceptual-

domains motor function
Administration Approximately 3 min
time
Materials Test and pen
required
Scoring
use cutoff of <4 if need higher sensitivity
to refer patients for further assessment
Test 76% sensitivity and 89% specificity for
characteristics ~dementia
Additional Less associated with education, has been
considerations  validated for use in primary care
populations with different cultures and
languages
B.

Montreal Cognitive Assessment
(MoCA) [35]
Neurocognitive Orientation, memory, attention, executive

domains function, language, and perceptual-motor
function
Administration Approximately 10 min
time
Materials

required hand, pen

Orientation, memory, attention, language, and perceptual-motor

function

Approximately 5-10 min
Test and instructions, pen

0-5, abnormal score <3 for dementia, can 0-30, abnormal score <24 for cognitive impairment,

adjustments in score cutoff depending on age and education

Variable sensitivity and specificity data have been reported,

depending on sample population and criteria

Copyrighted, available for a fee. Designed to distinguish

organic from functional cognitive impairment. Less useful to
identify frontal executive dysfunction. Generally, well-
established expectations for MMSE score decline and AD
progression

Saint Louis University Mental Status Exam (SLUMS) [37]

Orientation, memory, attention, executive function, and

language

Approximately 7 min

Test and instructions, watch with second — Test, watch with a second hand, pen
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A.
Mini-cog [33] Mini-Mental State Exam (MMSE) [34]
Scoring 0-30, add 1 point if high school education 0-30,
or less, Mild neurocognitive disorder:
<26 is abnormal for mild cognitive 20-24 is abnormal for less than high school education;
impairment or Alzheimer’s disease 21-26 is abnormal for high school
Dementia:
<20 for less than high school education;
<21 for high school
Test 90% sensitivity for mild cognitive Mild neurocognitive disorder:

characteristics ~ impairment and 100% for Alzheimer’s

disease; 87% specificity

92% sensitivity and 81% specificity for less than high school
education;

95% sensitivity and 76% specificity for high school
Dementia:

100% and 98% for less than high school education;

98% and 100% for dementia

Additional
considerations

Free public use [36], multiple versions
available (three English versions, several
other languages, blind)

Free public use [38], only one version available

six words and inability to walk or sit without
assistance (stage 7). The CDR is a 5-point scale
that characterizes memory, orientation, judgment/
problem-solving, community affairs, home and
hobbies, and personal care. Scores range from
0 (normal) to 3 (severe dementia) and, like the
FAST, can be used to track dementia progression.
Behavioral and psychological symptoms of
dementia (BPSD) are nearly universal in demen-
tia patients [43]. One of the most commonly used
BPSD tools is the Neuropsychiatric Inventory
(NPI) [44], and there is an abbreviated version, the
NPI-Questionnaire (NPI-Q) [45] that can be used in
clinical practice. The NPI assesses 12 neuropsychi-
atric symptoms, such as depression, apathy, motor
disturbance, and nighttime behaviors. The shorter
NPI-Q can be completed either by self-adminis-
tration by a reliable informant or by the clinician
based on informant interview. It assesses the 12 NPI
domains as either present or absent. When symp-
toms are present, it then assesses severity (1-3,
mild-severe) and degree of caregiver distress (0-5,
not distressing—extreme or very severe distress).
Brief cognitive screens are not diagnostic tools
but rather should be used in conjunction with a
full examination and medical and neurologic
work-up to assess for presence of a neurocogni-
tive disorder. Patients may later be referred for
formal neuropsychological testing that provides

more definitive cognitive testing and can help
establish diagnoses, though not every patient
with cognitive complaints will need formal neu-
ropsychological testing.

Neuropsychological Testing

As mentioned previously, the geriatric mental
health provider may seek out additional neuro-
psychological assessment when there is diagnos-
tic uncertainty, such as in a patient with cognitive
complaints in the setting of major depression.
Objective testing can help distinguish cogni-
tive performance patterns that may be more
consistent with depression than neurocognitive
disorder. Additionally, one could consider refer-
ral when patients present with atypical features,
such as early-onset Alzheimer’s disease or to
help differentiate dementia etiology (e.g., fron-
tal temporal dementia from Alzheimer’s dis-
ease) after the usual clinical assessment is not
definitive. It can be helpful to consider also for
patients with milder or early symptoms in which
bedside cognitive screens may not yet pick up
mild impairments but for whom the provider has
clinical suspicion for neurocognitive disorder.
Neuropsychological testing also can help with
treatment planning. Patients and their family can
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develop a better understanding of relative cog-
nitive strengths and weaknesses to guide man-
agement strategies, such as whether to employ
memory cuing or other environmental or com-
munication strategies. Objective psychometrics
also can help monitor progression of dementia
or response to treatment (e.g., improvement in
cognitive testing after successful treatment of
depression). Neuropsychologists also may be
asked to evaluate decision-making capacity or
need for guardianship.

During a neuropsychological evaluation, the
neuropsychologist interviews the patient and
available informant (usually family member or
caregiver). The neuropsychologist frequently
incorporates the referral source; psychoso-
cial, developmental, medical, and psychiatric

L. L. Boyle

histories; current social supports and current
environmental demands; and significant other
interviews into the assessment and complete
mental status exam [46]. Evaluations include
either the neuropsychologist or psychometri-
cian assisting with the case, administration of
measures assessing mood and affect, objective
personality tests, and neuropsychological tests.
Additional behavioral assessments, functional
assessments, projective personality tests, and
review of school and work records can also be
considered [46].

Table 12-3 reviews specific cognitive domains
frequently examined during neuropsychological
assessments and common neuropsychological
tests that may be utilized. It is not meant to be
all-inclusive.

TaBLE 12-3. Cognitive domains and examples of neuropsychological tests [47, 48]

Cognitive domain Neuropsychological test(s) examples

Intelligence/ Premorbid intelligence: Wechsler Adult Intelligence Scale-4th Edition (WAIS-IV) Vocabulary subtest;
intellectual revised Wechsler Test of Adult Reading (WTAR), Test of Premorbid Functioning (TOPF)
function Intellectual functioning: WAIS-IV

Academic ‘Woodcock-Johnson Achievement Test
achievement

Attention Simple auditory attention: WAIS-IV Digit Span forward trials

Simple visual attention: Trail Making Test A (Trails A)
Executive Processing speed: Trails A; Symbol Digit Modalities Test (SDMT)
functions Simple auditory working memory: WAIS-IV Digit span backwards trials; Serial 7’s
Phonemic fluency: Letter-cued verbal fluency
Simple visuospatial planning and Organization: Clock drawing to request
Abstract verbal reasoning: WAIS-IV Similarities subtest; Delis-Kaplan Executive Function System
(D-KEFS) Proverbs Test
Impulse control: D-KEFS Color-Word Inhibition Test; (original) Stroop Test
Mental flexibility/set-shifting: Trail making test B (Trails B); D-KEFS Category Switching Accuracy
Complex problem-solving skills: D-KEFS Tower Test; Wisconsin Card Sorting Test (WCST)
Language Basic receptive and expressive language skills: Western Aphasia Battery-Revised (WAB-R); Boston

Aphasia Diagnostic Examination ITI

Aural comprehension: Ability to understand test instructions, by observation; Token Test
Object naming: Boston Naming Test (BNT)
Word fluency: Controlled Oral Word Association Test (name words beginning with specific letter within
set time)
Semantic fluency: Category-cued verbal fluency
Verbal learning and Verbal learning and memory of structured information (i.e., stories): Wechsler Memory Scale-4th Edition

memory (WMS-1V) Logical Memory subtest
Verbal learning and memory of unstructured information (i.e., a word list): Hopkins Verbal Learning
Test-Revised (HVLT-R); California Verbal Learning Test-2nd Edition (CVLT-II); Rey Verbal Learning
Test
Visual learning and WMS—Visual Memory Index; Rey Complex Figure Test (RCFT)
memory
Visuoconstruction WAIS-IV Block Design subset; Clock drawing to copy
skills
Motor skills Fine motor speed: Finger-tapping test

Fine motor coordination and speed: Grooved Pegboard Test
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Conclusion

Self- and provider-administered tools to help
screen older adults at risk who need further
assessment and to help providers track symptom
severity and response to treatment for common
psychiatric disorders in older adults are useful
and can be implemented easily into routine prac-
tice. Normal age-associated cognitive changes
affect several cognitive domains, and the geri-
atric psychiatrist needs to be familiar with these
changes and how they can impact the approach
to assessment compared with a younger adult.
Objective cognitive screens have a role in rou-
tine geriatric psychiatry assessment, and there
are several options to choose from. Though not
every patient will require neuropsychology con-
sultation, it can be useful for patients when there
is diagnostic uncertainty and atypical presenta-
tions or to help inform treatment response and
planning.

References

1. Howell T. The Wisconsin star method: under-
standing and addressing complexity in geriat-
rics. In: Malone ML, Capezuti E, Palmer RM,
editors. Geriatrics models of care: bringing
“Best Practices” to an aging America. st ed.
Switzerland: Springer International Publishing;
2015. p. 87-94.

2. Costa PT, RR MC. Revised NEO Personality
Inventory (NEO PI-R) and NEO Five-Factor
Inventory (NEO FFI): professional manual.
Odessa, FL: Psychological Assessment Resources;
1992.

3. Friedman B, Veazie PJ, Chapman BP, et al. Is per-
sonality associated with health care use by older
adults? Milbank Q. 2013;91:491-527. https://doi.
org/10.1111/1468-0009.12024.

4. Turiano NA, Chapman BP, Gruenewald TL, et al.
Personality and the leading behavioral contribu-
tors of mortality. Health Psychol. 2015;34:51-60.
https://doi.org/10.1037/hea0000038.

5. Jerant A, Chapman B, Duberstein P, et al.
Personality and medication non-adherence among
older adults enrolled in a six-year trial. Br J Health
Psychol. 2011;16:151-69. https://doi.org/10.1348/
135910710X524219.

6. Duberstein PR, Chapman BP, Tindle HA, et al.
Personality and risk for Alzheimer's disease in
adults 72 years of age and older: a 6-year follow-

10.

11.

12.
13.

14.

15.

17.

18.

19.

20.
21.

89

up. Psychol Aging. 2011;26:351-62. https://doi.
org/10.1037/a0021377.

. Smith M, Haedtke C, Shibley D. Late life depres-

sion detection: an evidence-based guideline.
J Gerontol Nurs. 2015:41(2):18-25. https://doi.
org/10.3928/00989134-20150115-99.

. https://web.stanford.edu/~yesavage/GDS.html.

Accessed 23 Sept 2017.

. http://aims.uw.edu/resource-library/phq-9-depres-

sion-scale. Accessed 23 Sept 2017.

American Psychiatric Association. Diagnostic
and Statistical Manual of Mental Disorders.
5th ed. Washington, DC: American Psychiatric
Association; 2013.

Li MM, Friedman B, Conwell Y, et al. Validity of
the patient health questionnaire 2 (phg-2) in iden-
tifying major depression in older people. ] Am
Geriatr Soc. 2007;55:596-602.
http://cesd-r.com/cesdr/. Accessed 23 Sept 2017.
Brown EL, Raue P, Halpert KD, et al. Evidence-
based guideline detection of depression in
older adults with dementia. J Gerontol Nurs.
2009;35(2):11-5.

Boyle LL, Richardson TM, He H, et al. How do
the Phq-2, the Phq-9 perform in aging services
clients with cognitive impairment? Int J Geriatr
Psychiatry. 2011;26(9):952-60. https://doi.org/10.
1002/gps.2632.
http://www.scalesandmeasures.net/files/
files/The%20Cornell%20Scale%20for%20
Depression%20in%20Dementia.pdf. Accessed 23
Sept 2017.

. O’Connor E, Gaynes B, Burda BU, et al. Screening

for suicide risk in primary care: a systematic evi-
dence review for the U.S. Preventive Services
Task Force. Evidence Synthesis No. 103. AHRQ
Publication No. 13-05188-EF-1. Agency for
Healthcare Research and Quality: Rockville, MD;
2013.

Conwell Y, Van Orden K, Caine ED. Suicide in Older
Adults. Psychiatr Clin North Am. 2011;34:451-68.
https://doi.org/10.1016/j.psc.2011.02.002.

Raue PJ, Ghesquiere AR, Bruce ML. Suicide risk
in primary care: identification and management in
older adults. Curr Psychiatry Rep. 2014;16:466—
73. https://doi.org/10.1007/s11920-014-0466-8.
Heisel MJ, Duberstein PR, Lyness JM, et al.
Screening for suicide ideation among older primary
care patients. ] Am Board Fam Med. 2010;23:260—
9. https://doi.org/10.3122/jabfm.2010.02.080163.
http://cssrs.columbia.edu/. Accessed 24 Sept 2017.
Dube P, Kurt K, Bair MJ, et al. The P4 screener:
evaluation of a brief measure for assessing
potential suicide risk in 2 randomized effec-


https://doi.org/10.1111/1468-0009.12024
https://doi.org/10.1111/1468-0009.12024
https://doi.org/10.1037/hea0000038
https://doi.org/10.1348/135910710X524219
https://doi.org/10.1348/135910710X524219
https://doi.org/10.1037/a0021377
https://doi.org/10.1037/a0021377
https://doi.org/10.3928/00989134-20150115-99
https://doi.org/10.3928/00989134-20150115-99
https://web.stanford.edu/~yesavage/GDS.html
http://aims.uw.edu/resource-library/phq-9-depression-scale
http://aims.uw.edu/resource-library/phq-9-depression-scale
http://cesd-r.com/cesdr/
https://doi.org/10.1002/gps.2632
https://doi.org/10.1002/gps.2632
http://www.scalesandmeasures.net/files/files/The Cornell Scale for Depression in Dementia.pdf
http://www.scalesandmeasures.net/files/files/The Cornell Scale for Depression in Dementia.pdf
http://www.scalesandmeasures.net/files/files/The Cornell Scale for Depression in Dementia.pdf
https://doi.org/10.1016/j.psc.2011.02.002
https://doi.org/10.1007/s11920-014-0466-8
https://doi.org/10.3122/jabfm.2010.02.080163
http://cssrs.columbia.edu/

90

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

tiveness trials of primary care and oncology
patients. Prim Care Companion J Clin Psychiatry.
2010;12(6):PCC.10m00978. https://doi.org/10.
4088/PCC.10m00978blu.

Lenze EJ, Wetherell JL. A lifespan view of
anxiety disorders. Dialogues Clin Neurosci.
2011;13:381-99.

Wild B, Eckl A, Herzog W, et al. Assessing gener-
alized anxiety disorder in elderly people using the
GAD-7 and GAD-2 scales: results of a validation
study. Am J Geriatr Psychiatry. 2014;22:1029-38.
https://doi.org/10.1016/j.jagp.2013.01.076.
Spitzer RL, Kroenke K, Williams JB, et al. A brief
measure for assessing generalized anxiety disorder:
the GAD-7. Arch Intern Med. 2006;166:1092-7.
Wetherell JL, Ayers CR, Sorrell JT, et al. Modular
psychotherapy for anxiety in older primary care
patients. Am J Geriatr Psychiatry. 2009;17:483-92.
https://doi.org/10.1097/JGP.0b013e3181a311b5.
https://www.ptsd.va.gov/professional/treatment/
older/assessment_tx_older_adults.asp. Accessed
24 Sept 2017.

Sajatovic M, Chen PJ. Geriatric bipolar disorder:
epidemiology, clinical features, assessment, and
diagnosis. Philadelphia: Wolters Kluwer Health.
UpToDate: Feb 2012; updated on August 2016
www.uptodate.com. Accessed 24 Sept 2017.
Marino P, Schulberg HC, Gildengers AG, et al.
Assessing bipolar disorder in the older adult: the
GERI-BD toolbox. Int J Geriatr Psychiatry. 2017.
https://doi.org/10.1002/gps.4738.

Harada CN, Natelson Love MC, Triebeld
K. Normal cognitive aging. Clin Geriatr Med.
2013;29:737-52. https://doi.org/10.1016/j.cger.
2013.07.002.

Royall DR, Palmer R, Chiodo LK, et al. Declining
executive control in normal aging predicts change
in fuctional status: the freedom house study. J
Am Geriatr Soc. 2004;52:346-52. https://doi.
org/10.1111/j.1532-5415.2004.52104.x.

Lin JS, O’Connor E, Rossom RC, et al. Screening for
cognitive impairment in older adults: a systematic
review for the U.S. preventive services task force.
Ann Intern Med. 2013;159:601-12. https://doi.
org/10.7326/0003-4819-159-9-201311050-00730.
Cordell CB, Borson S, Boustani M, et al.
Alzheimer’s association recommendations for
operationalizing the detection of cognitive impair-
ment during the medicare annual wellness visit
in a primary care setting. Alzheimers Dementia.
2013;9:141-50.

Borson S, Scanlan JM, Chen P, et al. ] Am Geriatr
Soc. 2003;51:1451-4.

34.

35.

36.
37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

L. L. Boyle

Tombaugh TN, Mclntyre NJ. The mini-mental
state examination: a comprehensive review. J
Am Geriatr Soc. 40(40):922-35. https://doi.
org/10.1111/j.1532-5415.1992.tb01992 x.
Nasreddine ZS, Phillips NA, Bédirian V, et al.
The montreal cognitive assessment, MoCA: a
brief screening tool for mild cognitive impair-
ment. J Am Geriatr Soc. 53:695-9. https://doi.
org/10.1111/j.1532-5415.2005.53221 x.
www.mocatest.org. Accessed 3 Sept 2017.

Tariq SH, Tumosa N, Chibnall JT, et al. Comparison
of the Saint Louis University mental status exam.
Am J Geriatr Psychiatry. 2006;14:900-10. https://
doi.org/10.1097/01.JGP.0000221510.33817.86.
http://medschool.slu.edu/agingsuccessfully/pdf-
surveys/slumsexam_05.pdf. Accessed 27 Sept
2017.

Dubois B, Slachevsky A, Litvan I, et al. The FAB:
a frontal assessment battery at bedside. Neurology.
2000;55:1621-6. https://doi.org/10.1212/WNL.
55.11.1621.

Reisberg B. Functional assessment
Psychopharmacol Bull. 1988;24:653-9.
http://knightadrc.wustl.edu/cdr/PDFs/CDR_
Table.pdf. Accessed 24 Sept 2017.

Morris JC. The Clinical Dementia Rating (CDR):
current version and scoring rules. Neurology.
1993:43:2412-4.

Lyketsos CG, Carrillo MC, Ryan JM, et al.
Neuropsychiatric symptoms in Alzheimer’s dis-
ease. Alzheimers Dement. 2011;7:532-9.
Cummings JL. The neuropsychiatric inventory:
assessing psychopathology in dementia patients.
Neurology. 1997;48(Suppl 6):S10-6.

Kaufer DI, Cummings JL, Ketchel P, et al.
Validation of the NPI-Q, a brief clinical form of
the neuropsychiatric inventory. J Neuropsychiatry
Clin Neurosci. 2000;12:233-9. https://doi.org/10.
1176/jnp.12.2.233.

Rabin LA, Barr WB, Burton LA. Assessment
practices of clinical neuropsychologists in the
United States and Canada: A Survey of INS,
NAN, and APA division 40 members. Arch
Clin Neuropsychol. 2005;20:33-65. https://doi.
org/10.1016/j.acn.2004.02.005.
http://emedicine.medscape.com/article/317596-
overview#al. Accessed 24 Sept 2017.

Morris RG, Brookes RL. Neuropsychological
assessment of older adults. In: Goldstein LH,
McNeil JE, editors. Clinical neuropsychology:
a practical guide to assessment and management
for clinicians. United Kingdom: Wiley; 2013.
p. 347-74.

staging.


https://doi.org/10.4088/PCC.10m00978blu
https://doi.org/10.4088/PCC.10m00978blu
https://doi.org/10.1016/j.jagp.2013.01.076
https://doi.org/10.1097/JGP.0b013e3181a31fb5
https://www.ptsd.va.gov/professional/treatment/older/assessment_tx_older_adults.asp
https://www.ptsd.va.gov/professional/treatment/older/assessment_tx_older_adults.asp
https://doi.org/10.1002/gps.4738
https://doi.org/10.1016/j.cger.2013.07.002
https://doi.org/10.1016/j.cger.2013.07.002
https://doi.org/10.1111/j.1532-5415.2004.52104.x
https://doi.org/10.1111/j.1532-5415.2004.52104.x
https://doi.org/10.7326/0003-4819-159-9-201311050-00730
https://doi.org/10.7326/0003-4819-159-9-201311050-00730
https://doi.org/10.1111/j.1532-5415.1992.tb01992.x
https://doi.org/10.1111/j.1532-5415.1992.tb01992.x
https://doi.org/10.1111/j.1532-5415.2005.53221.x
https://doi.org/10.1111/j.1532-5415.2005.53221.x
http://www.mocatest.org
https://doi.org/10.1097/01.JGP.0000221510.33817.86
https://doi.org/10.1097/01.JGP.0000221510.33817.86
http://medschool.slu.edu/agingsuccessfully/pdfsurveys/slumsexam_05.pdf
http://medschool.slu.edu/agingsuccessfully/pdfsurveys/slumsexam_05.pdf
https://doi.org/10.1212/WNL.55.11.1621
https://doi.org/10.1212/WNL.55.11.1621
http://knightadrc.wustl.edu/cdr/PDFs/CDR_Table.pdf
http://knightadrc.wustl.edu/cdr/PDFs/CDR_Table.pdf
https://doi.org/10.1176/jnp.12.2.233
https://doi.org/10.1176/jnp.12.2.233
https://doi.org/10.1016/j.acn.2004.02.005
https://doi.org/10.1016/j.acn.2004.02.005
http://emedicine.medscape.com/article/317596-overview#a1
http://emedicine.medscape.com/article/317596-overview#a1

13

®

Check for
updates
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Lisa L. Boyle

Because of higher risk of neurologic disease,
such as dementia, stroke, and movement dis-
orders in the elderly, the neurologic exam is
an important part of a geropsychiatric assess-
ment. The level of detail to various sections of
the neurologic exam may vary depending on the
chief complaint. For instance, it may be a more
focused exam with the evaluation of depression,
while more comprehensive with the evaluation of
depression in a patient with known Parkinson’s
disease or memory concerns. The components of
the neurologic exam will be reviewed in this sec-
tion. Additional demonstration of how to conduct
the neurologic exam is beyond the scope of this
chapter; however, resources demonstrating the
neurologic exam can be found online [1].

As reviewed in Chap. 6, normal aging is asso-
ciated with several changes in the brain, includ-
ing loss of brain volume, reduced white matter
density in areas of the brain, and changes in neu-
rotransmitter levels that are involved with cog-
nitive function and movement. Taken altogether,
besides normal age-associated cognitive changes
such as mild information processing slowing
and decline in executive function [2], additional
age-associated neurologic signs can be observed
in motor and sensory domains as well. These
changes include psychomotor slowing, reduced
visual acuity and pupil size, reduced upgaze,
reduced hearing (i.e., discrimination of spoken
language), atrophy of muscles, reduced range of
motion in the neck and back, gait changes such
as reduced stride length and arm swing, reduced

vibration sense and mild Romberg sway, and
reduced Achilles reflexes [3—5]. A more detailed
review of commonly encountered neurologic
conditions and approaches to management in
geriatric patients can be found in Chap. 32.

One should consider pairing the neurologic
exam with the medical evaluation and focused
physical exam when evaluating older adults for
behavioral or psychiatric concerns. For exam-
ple, in a patient whom one may be concerned
for cardiovascular and cerebrovascular disease,
a focused physical exam that also includes aus-
cultation of the heart and carotid arteries would
be helpful to evaluate for possible heart arrhyth-
mia, murmur, or carotid bruit. Additionally, in a
patient who presents with mental status changes,
further assessment for possible delirium may
lead to obtaining chest X-ray, urinalysis, and
blood count to evaluate for a possible infectious
etiology.

Neurologic Exam [1, 3, 5]

Mental status exam: The mental status exam and
neuropsychological assessment were reviewed
in Chaps. 10 and 12. Additional neurocognitive
assessment can include evaluation of apraxia,
anosognosia, hemi-neglect, testing of speech and
language (e.g., decreased fluency suggestive of
expressive impairment, decreased understanding
of language or commands suggestive of receptive
impairment), reading and writing, and calculations.
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Apraxia is the loss of ability to perform com-
plex motor commands and tasks such as zipping a
coat or using a fork and knife and can be assessed
by asking the patient to pretend to perform tasks
using imaginary tools. Anosognosia refers to
reduced awareness of deficits. Hemi-neglect
results in decreased attention to one side of the
body, not caused by primary sensory or motor
deficits. It can be evaluated by observing a patient
neglecting to move one side of her or his body in
the absence of focal weakness. Alternatively, a
patient with hemi-neglect may not detect touch
on the affected side if presented with stimulus
touch bilaterally, but can discriminate touch on
the affected side if presented with stimulus touch
only on that side. Assessment for hemi-neglect
can overlap with sensory and motor portions of
the neurologic exam.

Cranial Nerves (CN): There are 12 cranial
nerves.

I: Olfactory nerve—Smell and ability to dis-
tinguish different odors. The examiner can ask
the patient whether he or she has noted a change
in ability to smell. If concerned, one could ask
the patient to discriminate among different odors.
Differential diagnosis of abnormal exam find-
ings includes nasal congestion, tumor, or brain
trauma.

II: Optic nerve—Visual acuity and color vision
can be tested using an eye chart, while visual
fields testing to confrontation can be done by
evaluating each eye separately for peripheral dis-
crimination of fingers to confrontation. The fun-
duscopic exam allows the examiner to visualize
the health of the optic nerve, retina and papill-
edema that may be seen with increased intracra-
nial pressure.

The examiner can assess health of both CN II
and III (carries parasympathetic nerve fibers and
controls pupillary constrictor muscles) by assess-
ing pupillary reaction to bright light. Bright light
should cause pupillary constriction in both the
eye the light is directly shone into as well as the
consensual eye. Afferent pupillary deficits will
result in abnormal pupil dilation when direct
light is applied to affected eye. By swinging the
penlight between both eyes, this difference can
become more apparent. Normal accommodation
of the pupils results in constriction when asked to
focus on an object that moves closer. Differential
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diagnosis for abnormalities can be related to
retinal or optic nerve damage or disease. Older
adults are more prone to visual impairment from
cataracts which can be found on physical exam.
Additionally, visual extinction (visual hemi-
neglect) can be demonstrated if patient cannot
distinguish stimuli on the affected side when
the stimuli are presented simultaneously on both
sides, but the patient can distinguish the stimulus
if presented one side at a time.

III, Oculomotor; IV, Trochlear; VI, Abducens—
These three cranial nerves are involved with con-
trolling movement of the eye. The examiner can
assess for smoothness and fullness of eye move-
ments by asking the patient to watch the exam-
iner’s finger or pen while they move it in different
directions, including testing for accommodation
(moving the object from far away to closer to
the patient’s eyes). Problems with functioning of
these nerves can result in complaints of double
vision or observed restricted range of motion of
the eyes. Progressive supranuclear palsy is an
example of a neurologic condition that manifests
with abnormal control of extraocular movements,
gait, and cognitive and mood disturbances.
Nystagmus, a rhythmic oscillating motion of the
eyes, may be observed on exam and can be patho-
logical due to alcohol or another drug toxicity.

V: Trigeminal—The trigeminal nerve has both
motor and sensory functions, though the sen-
sory function is more prominent. The examiner
can assess for whether the patient can clench the
jaw. The examiner can check for an abnormal
jaw jerk reflex by tapping on the jaw with the
mouth slightly open. Presence of a jaw jerk reflex
suggests upper motor neuron abnormality in the
trigeminal nerve. Dysfunction of the trigeminal
nerve is more often picked up by detecting loss
of sensation of the face. Both sides of the face
should be tested for comparison. Trigeminal neu-
ralgia is a painful condition that results in dis-
tressing pain in the distribution of the trigeminal
nerve.

VII: Facial—The facial nerve has a larger role
for movement of the face when compared to the
smaller scope of movement from the trigeminal
nerve. The examiner should assess for asymme-
try and may observe during the interview asym-
metry of the depths of the nasolabial folds as
well as decreased spontaneous facial movement.
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Additionally, the examiner can ask the patient to
perform different movements of the face to assess
for asymmetry (e.g., raise eyebrows, close eyes,
puff out cheeks, smile). Abnormal facial nerve
function may be the result of stroke or Bell palsy.
Also, the facial nerve is responsible for taste.

VIII:  Auditory  (vestibulocochlear)—The
auditory nerve facilitates hearing and vestibular
function. It can be examined grossly by audi-
tory whisper test and by formal hearing test.
Tests using a tuning fork can help to discriminate
mechanical conduction from sensorineural defi-
cits. In patients with vertigo, positional vestibu-
lar testing such as the Hallpike maneuver can be
helpful.

IX, Glossopharyngeal; X, Vagus—These
nerves work together for movement of the pal-
ate and can be assessed by asking the patient to
say “ahhh” while observing the palate and uvula.
One should see symmetric elevation of the pal-
ate and the uvula at midline. Additionally, one
can assess the integrity of these cranial nerves by
testing gag reflex.

XI: Spinal accessory—The spinal accessory
nerve innervates the sternomastoid and trapezius
muscles and can be assessed by asking the patient
to turn her or his head from side to side and raise
the shoulders. The examiner is assessing for any
evidence for asymmetry.

XII: Hypoglossal—The hypoglossal nerve
controls the tongue. The examiner can observe
for evidence of lower motor nerve lesion by look-
ing for possible atrophy of the tongue muscle or
fasciculation. If there is weakness on one side,
the tongue will go toward the weak side when
the examiner asks the patient to stick out her or
his tongue. Additional testing includes asking the
patient to move the tongue from one side of the
cheek to the other.

CN V, VII, IX, X, and XII are collectively
involved with speech articulation. Dysarthric
speech (e.g., slurred or altered pronunciation of
speech) may result from lesions to these nerves.

Motor: Adults may experience some gener-
alized atrophy of muscles with aging, and the
degree can vary depending on physical activity
and lifestyle and other health conditions. The
examiner should observe the patient’s general
appearance during the interview. More focused
neurologic motor exam consists of visual inspec-
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tion of muscle groups, palpation for tenderness,
assessment of tone, motor sequencing (e.g., rapid
alternating movements, fine finger tapping),
pronator drift (i.e., asking patient to hold arms
raised with eyes closed to assess for drift), and
strength testing. Looking for evidence of tremors
or involuntary movements or abnormal tone can
provide clues of possible movement disorders
such as Parkinson’s disease or adverse psycho-
tropic medication reactions such as tardive dys-
kinesia. Additionally, evidence of upper motor
neuron lesions includes weakness in the context
of increased tone and absence of atrophy and
fasciculations, while lower motor neuron lesions
include weakness in the context of decreased
tone and presence of atrophy and fasciculations.
The motor exam should also be interpreted in the
context of the findings of the reflexes exam.

Reflexes: The examiner generally uses a reflex
hammer to assess deep tendon reflexes. The most
commonly tested deep tendon reflexes are biceps,
brachioradialis, triceps, patellar, and Achilles
tendons. Generally, hyporeflexic responses are
concerning for lower motor neuron lesions, while
hyperreflexic responses are concerning for upper
motor neuron lesions. Additionally, presence of
abnormal reflexes such as the Babinski may be
seen with upper motor neuron lesions such as
stroke, while frontal release signs (e.g., palmo-
mental, grasp, snout, suck) can be associated
with dementia and other conditions causing dif-
fuse brain disease affecting the frontal lobes and
pyramidal tracts [6].

Coordination: Cerebellar integrity can be
assessed with maneuvers such as rapid alternat-
ing hand movements and finger-to-nose testing.
Additionally, the Romberg maneuver can be
employed by asking the patient to stand with feet
together and eyes closed. The examiner observes
for body sway or loss of balance.

Gait: The assessment of a patient’s gait gener-
ally can occur naturally at the start of the encoun-
ter with the examiner observing how the patient
ambulates to the room. The examiner can make
observations about the patient’s posture, the
width of the patient’s stance, step height, stride
length, and arm swing. The examiner is observ-
ing for any evidence of asymmetrical move-
ments or abnormalities such as shuffling gait.
Depending on the patient’s problem, the exam-



94

iner may pursue more formal assessment by
asking the patient to walk back and forth in the
hallway under different conditions (e.g., tandem
gait or toe and heel walking). Gait changes can
range from shuffling gait seen in Parkinson’s dis-
ease, antalgic gait from arthritis, ataxic gait from
alcoholism, and apraxic gait from normal pres-
sure hydrocephalus, among others.

Sensory: The sensory exam usually involves
assessment of the upper and lower limbs for sen-
sation to pinprick, light touch, temperature, and
vibration. Additionally, the examiner can assess
ability to discriminate positional change by mov-
ing the big toe up or down with the patient’s eyes
closed. As with visual and facial sensation test-
ing, the examiner can apply a similar approach to
evaluate for evidence of tactile extinction (hemi-
neglect) in the limbs. Additional cortical sensory
testing includes assessment for graphesthesia by
tracing a letter or number on a patient’s hand with
a fingertip while the patient’s eyes are closed and
asking the patient to identify the letter or num-
ber that was traced. Assessment for stereognosis
involves asking a patient to recognize objects
placed in her or his hands while the patient’s eyes
are closed.

Electroencephalogram (EEG)

If there are concerns for potential seizures or
mental status changes or brain disease, the
geriatric psychiatry patient may be referred for
additional assessment to include an electroen-
cephalogram (EEG). The EEG records electrical
activity of the brain using scalp electrodes. It usu-
ally can be completed in approximately 30 min
and typically is completed with eyes open and
eyes closed while awake. Rarely will a routine
EEG detect seizure activity, so a normal study
does not exclude the possibility of seizure dis-
order. Between seizures, more than 50% of epi-
lepsy patients have normal routine EEG [7].

The EEG’s electrical activity is described in
terms of amplitude (voltage) and frequency (Hz).
Characteristic waveforms are delta (<4 Hz), theta
(4-7 Hz), alpha (8-14 Hz), and beta (>14 Hz)
[7]. Sleep cycle phases have characteristic pre-
dominance of different EEG waveforms, with
beta waves predominant when awake with eyes
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TABLE 13-1. EEG abnormalities [9-12]

Condition EEG pattern

Grand mal seizures Generalized, bilaterally
synchronous spike
discharges

Generalized, bilateral 3 Hz
spike-wave

Focal discharges

Focal or lateralized
periodic slow waves

Periodic lateralizing
epileptiform discharges

Petit mal (absence) seizures

Partial seizures
Herpes simplex encephalitis

Acute hemispheric pathology
(e.g., abscess, hematoma,

tumor) (PLEDs)
Delirium tremens or Fast activity
pharmacologic

(benzodiazepine, barbiturate)

Metabolic encephalopathy Frontal Intermittent
Rhythmic Delta Activity
(FIRDA)

Dementia Normal or diffuse slowing

Creutzfeldt-Jakob disease Periodic complexes,
1-2 Hz biphasic and

triphasic waves

Adapted from: Tampi RR. Laboratory Investigations. In:
Tampi, RR and Williamson, D, ed. Fundamentals of Geriatric
Psychiatry. New York, NY; 2013: 15-25

open, alpha waves when awake with eyes closed,
theta waves when in stage I sleep (drowsy), theta
waves with sleep spindles (12—14 Hz, >0.5 s) and
K complexes (triphasic waves) when in stage 11
sleep, <50% delta waves during stage III sleep,
and >50% delta waves during stage IV sleep [8,
9]. The EEG during REM sleep is similar to the
EEG when awake with eyes open. Table 13-1
highlights common EEG abnormalities.

Lumbar Puncture
for Cerebrospinal Fluid (CSF)
Analysis

Although lumbar puncture is not routinely indi-
cated for behavioral or psychiatric complaints
that are encountered in geriatric psychiatry prac-
tice, there are situations when referral to neurol-
ogy for a lumbar puncture is indicated [7, 13].
The lumbar puncture is a diagnostic approach
to evaluate for concerns of possible central
nervous system infection. In situations when
a patient develops mental status changes suspi-
cious for possible central nervous system infection
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(encephalitis, meningitis), the cerebrospinal fluid
(CSF) analysis can help distinguish whether
an infection is present and, if so, whether the
pathogen is bacterial, fungal, or viral to inform
appropriate management. Additionally, a lumbar
puncture can be used to help diagnose subarach-
noid hemorrhage, demyelinating processes like
Guillain-Barré or multiple sclerosis, and central
nervous system malignancies. Therapeutic lum-
bar punctures may also be considered for normal
pressure hydrocephalus. Imaging guided-lumbar
punctures should also be considered with older
patients who have degenerative spine disease.

In clinical practice, the evaluation of
Alzheimer’s disease (AD) does not include CSF
analysis as standard of care; however, the identi-
fication of CSF biomarkers to help identify pro-
dromal AD is quickly building research data to
support an “AD signature” (low AP42 and high
total tau and phosphorylated tau proteins) in the
CSF [14]. Additional research is necessary to
validate these findings.

Conclusion

The neurologic assessment is an important com-
ponent of a comprehensive geropsychiatric eval-
uation. The comprehensiveness of the neurologic
exam will vary depending on the patient’s com-
plaint and other comorbidities. This section of the
chapter reviewed the approach to the neurologic
exam and the use of EEG and lumbar puncture
for CSF analysis.
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Lisa L. Boyle

Older patients with mental illness have higher
levels of multimorbidity [1, 2]. Medical
comorbidities, in themselves, can increase
likelihood of developing behavioral and psy-
chiatric conditions later in life or exacerbate
chronic mental conditions as people age.
Medical comorbidities also complicate deci-
sions regarding management due to concerns
about possible disease-medication interactions
that can impact tolerability of different treat-
ments and lead to higher risk for toxicity and
delirium. Therefore, when evaluating a patient
for a new psychiatric concern, it is helpful to
evaluate and manage comorbid medical condi-
tions. Laboratory screening and electrocardio-
gram (EKG) may be indicated to achieve these
tasks.

Additionally, depending on the type of psychi-
atric medication used in treatment, additional
standard drug monitoring may be necessary [3].
Standard laboratory surveillance is standard of
care when prescribing atypical antipsychotics
and many mood stabilizers (e.g., lithium, val-
proic acid, carbamazepine). Certain psychotropic
medications (e.g., lithium, valproic acid, carbam-
azepine, tricyclic antidepressants) have well-
established drug levels that can be monitored

periodically during therapy. Moreover, in
situations when providers suspect possible over-
dose or intoxication, serum alcohol, acetamino-
phen, salicylate levels, and urine toxicology
studies to evaluate for presence or absence of
illicit or prescription benzodiazepine, stimulants,
or opioids can be obtained.

This chapter will review common laboratory
and EKG studies that providers should be famil-
iar with, along with potential significance of
abnormal values. Reference ranges vary depend-
ing on laboratory, so it is advised that providers
refer to the reference ranges provided by the lab-
oratory that is analyzing the sample. Additional
review of potential adverse effects of psychiatric
medications and review of medical comorbidities
in older adults can be found in Chaps. 25 and 33,
respectively. Depending on the chief complaint,
providers may consider pursuing additional test-
ing as part of work-up, e.g., screening for sexu-
ally  transmitted  diseases like  human
immunodeficiency virus (HIV) or syphilis for
cognitive concerns in older adults with higher-
risk exposures. The tables (Tables 14.1, 14.2,
14.3, 14.4, 14.5, 14.6, and 14.7) provided are
meant to highlight commonly encountered stud-
ies but are not all-inclusive.
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TABLE 14-1. Serum chemistry [3, 4]

Name Potential meaning of abnormal values

Sodium High: dehydration, renal failure
Low: nutritional depletion, syndrome of inappropriate ADH secretion (SIADH)
Note: STADH associated with antidepressants (selective serotonin reuptake inhibitors)

is more common in older adults [5]. Also can be seen with some mood stabilizers.
Potassium High: potassium supplementation, renal failure

Low: nutritional depletion
Note: Low potassium levels increase risk for arrhythmia in patients with prolonged
QTc on EKG [6].

Chloride High: vomiting, diarrhea, diabetes, hyperventilation, diuretic therapy
Low: hypoventilation, respiratory acidosis
Bicarbonate High: excessive vomiting, hyperaldosteronism, Cushing’s syndrome

Low: diabetic ketoacidosis, lactic acidosis, alcoholic ketoacidosis, renal failure,
diarrhea, Addison’s disease, ethylene glycol poisoning or methanol poisoning

Blood urea nitrogen (BUN) High: dehydration, renal failure, congestive heart failure
Low: severe liver disease, malnutrition, overhydration
Creatinine High: renal failure, congestive heart failure, cirrhosis of the liver, urinary tract

obstruction, high-meat diet, severe exercise

Low: elderly, small stature, decreased muscle mass, inadequate dietary protein

Note: Baseline screening and routine follow-up monitoring of renal function is
recommended for patients starting on or maintained on lithium.

BUN-to-creatinine ratio High: acute renal failure, shock, severe dehydration, renal stones, gastrointestinal

bleed

Low: low-protein diet, rhabdomyolysis, pregnancy, cirrhosis, syndrome of
inappropriate antidiuretic hormone secretion (SIADH)

Note: Baseline screening and routine follow-up monitoring of renal function is
recommended for patients starting on or maintained on lithium.

Creatinine clearance High: strenuous exercise, muscle injury (crushing injuries), burns, carbon monoxide
Cockceroft and Gault poisoning, hypothyroidism, pregnancy
equation:CrCl = (140 — age) x IBW/ Low: infections, shock, cancer, low blood flow to the kidneys, urinary tract blockage,
(serum creatinine x 72) (x 0.85 for heart failure, dehydration, cirrhosis of the liver
females) Note: Acute lithium toxicity and chronic lithium use can be associated with acute and
Estimate ideal body weight in (kg) chronic renal failure, respectively [7]. Baseline screening and routine follow-up
Males: IBW =50 kg + 2.3 kg for monitoring of renal function is recommended for patients starting on or maintained
each inch over 5 feet on lithium.

Females: IBW =45.5 kg + 2.3 kg for
each inch over 5 feet
IBW, ideal body weight
Glucose High: diabetes, steroid use
Low: starvation, alcohol intake, diabetic medications
Note: Atypical antipsychotic use can increase risk for diabetes. Guidelines for routine
monitoring for metabolic risk factors while on atypical antipsychotics exist [8].

Calcium High: hyperparathyroidism, multiple myeloma, vitamin D intoxication
Low: hypoparathyroidism, vitamin D deficiency, renal failure, alkalosis, pancreatitis,
hypomagnesemia

Note: Low calcium levels can increase risk for arrhythmia in patients with prolonged
QTc on EKG [6].
Magnesium High: renal failure, dietary intake, lithium intoxication, hyperparathyroidism
Low: malnutrition, alcoholism, diarrhea, loop and thiazide diuretic use, pancreatitis
Note: Low magnesium levels can increase risk for arrhythmia in patients with
elevated QTc on EKG [6].

Phosphorous High: hypoparathyroidism, chronic renal failure, osteomalacia, malabsorption
Low: hyperparathyroidism, respiratory alkalosis, decreased dietary intake

Adapted from: Tampi RR. Laboratory Investigations. In: Tampi, RR and Williamson, D, ed. Fundamentals of Geriatric
Psychiatry. New York, NY; 2013: 15-25



14 Clinical Laboratory Testing 99

TABLE 14-2. Liver function tests [3, 4]

Name Potential meaning of abnormal values
Albumin (Alb) Low: chronic liver disease, such as cirrhosis and nephrotic syndrome
Alanine transaminase (ALT) High: hepatitis
Note: May become elevated with valproic acid therapy [9]
Aspartate transaminase (AST) High: hepatitis, cardiac failure, muscle injury
Note: May become elevated with valproic acid therapy [9]
Alkaline phosphatase (ALP) High: hepatitis, intrahepatic cholestasis or infiltrative diseases of the liver,
growing children, Paget’s disease of the bone
Total bilirubin (TBIL) High: cirrhosis, hepatitis, hemolytic anemia, cholestasis
Direct bilirubin (conjugated bilirubin) High: gallstones, biliary cancer
Gamma-glutamy] transpeptidase (GGT) High: liver disease, chronic alcohol use
5" Nucleotidase (5'NTD) High: liver disease, chronic alcohol use
Lactate dehydrogenase (LDH) High: hepatitis, cardiac failure, muscle injury
Ammonia High: liver disease

Note: May become elevated with valproic acid therapy [9]

Adapted from: Tampi RR. Laboratory Investigations. In: Tampi, RR and Williamson, D, ed. Fundamentals of Geriatric
Psychiatry. New York, NY; 2013: 15-25

TaBLE 14-3. Thyroid function tests [3, 4]

Name Potential meaning of abnormal values

Thyroid-stimulating hormone (TSH) High: hypothyroidism

1. Primary: thyroiditis, iatrogenic

2. Secondary: hypopituitarism

3. Tertiary: hypothalamic conditions

Low: Grave’s disease, thyroid adenoma, toxic multinodular goiter, thyroiditis,
postpartum thyroiditis

Note: Lithium can lead to hypothyroidism and less commonly hyperthyroidism
[10]. Baseline screening and routine follow-up thyroid monitoring is
recommended for patients starting on or maintained on lithium.

For older adults >70-80 years old, the TSH target may be higher (4-6 mIU/L) than
for younger adults [11]. Although subclinical hypothyroidism is associated with
depressive and cognitive symptoms, the efficacy of thyroid hormone replacement
for subclinical hypothyroidism of TSH < 10mIU/L to improve these symptoms is

not known [12].
Total thyroxine (total T,) High: Grave’s disease, thyroid adenoma, toxic multinodular goiter, thyroiditis,

postpartum thyroiditis, amiodarone
Low: hypothyroidism
1. Primary: thyroiditis, iatrogenic
2. Secondary: hypopituitarism
3. Tertiary: hypothalamic conditions

Free thyroxine (free T,) Same as above in total T,

Total triiodothyronine (total T;) Same as above in total T,

Free triiodothyronine (free Ts) Same as above in total T,

Thyroxine-binding globulin (TBG) High: results in an increased total thyroxine level and total triiodothyronine without
an actual increase in hormonal activity of thyroid hormones

Thyroid hormone uptake (T; uptake) High: unsaturated TBG increases with decreased levels of thyroid hormones

(measures unbound thyroxine-binding
globulins in the blood)
Free thyroxine index (FTI or T,) (reliable Same as above in total T,
indicator of thyroid status in the
presence of abnormalities in plasma
protein binding)

Adapted from: Tampi RR. Laboratory Investigations. In: Tampi, RR and Williamson, D, ed. Fundamentals of Geriatric
Psychiatry. New York, NY; 2013: 15-25
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TABLE 14-4. Vitamin B 12, folic acid, methylmalonic acid (MMA) [3, 4, 13, 14]

Name Potential meaning of abnormal values

Vitamin B 12 Low: malabsorption syndrome, celiac disease or Crohn’s disease, malnutrition, pernicious
anemia, h/o bariatric surgery, alcoholism, potential medications such as proton pump
inhibitors or H2-receptor antagonists

Note: In older adults, neuropsychiatric manifestations of low vitamin B12 can be present at
low-normal B12 levels and often precede hematological manifestations of B12 deficiency.
Consider screening also for MMA in older adults with B12 < 350 pg/mL as MMA usually
is elevated before B12 level becomes abnormally low.

Folic acid Low: malabsorption syndrome, malnutrition, alcohol abuse, malignancies

Methylmalonic acid (MMA) High: renal insufficiency, intravascular volume depletion, vitamin B12 deficiency

Note: Consider screening also for MMA in older adults with B12 < 350 pg/mL as MMA
usually is elevated before B12 level becomes abnormally low.

Vitamin D High: excessive vitamin D dietary supplements
Low: rickets, osteomalacia, low vitamin D diet (e.g., milk allergy, lactose intolerance,
veganism), inadequate sun exposure, renal disease, fat malabsorption or history of gastric
bypass surgery
Note: In older adults, vitamin D deficiency has been associated with depression and cognitive
impairment [15].

Adapted from: Tampi RR. Laboratory Investigations. In: Tampi, RR and Williamson, D, ed. Fundamentals of Geriatric
Psychiatry. New York, NY; 2013: 15-25

TABLE 14-5. Iron studies [3, 4]

Name Potential meaning of abnormal values
Serum iron High: iron overload, iron therapy
Low: intercurrent illness, chronic disease
Transferrin High: iron deficiency, estrogen therapy
Low: chronic disease
Transferrin saturation High: iron therapy, iron overload

Low: iron deficiency, chronic disease
Ferritin High: iron overload
Low: liver disease, malignancy, iron deficiency
Note: Low ferritin may be associated with restless legs syndrome [16].

Adapted from: Tampi RR. Laboratory Investigations. In: Tampi, RR and Williamson, D, ed. Fundamentals of Geriatric
Psychiatry. New York, NY; 2013: 15-25

TaBLE 14-6. Complete blood count (CBC) and differential [3, 4]

Name Potential meaning of abnormal values

White blood cells (WBC)  High: bacterial infection, leukemia

Low: viral diseases, aplastic anemia
Red blood cells (RBC) High: polycythemia, smoking and pulmonary disease

Low: iron deficiency, internal bleeding, anemias

Hemoglobin (HGB) High: polycythemia, smoking and pulmonary disease
Low: iron deficiency, internal bleeding, anemias
Hematocrit (HCT) High: polycythemia, smoking and pulmonary disease

Low: iron deficiency, internal bleeding, anemia
Mean corpuscular volume  High: vitamin B12 deficiency, folic acid deficiency, alcohol abuse

MVC) Low: iron deficiency anemias, internal bleeding
Mean corpuscular High: lung disease

hemoglobin (MCH) Low: iron deficiency, anemia, excessive bleeding
Platelets High: leukemias

Low: anemias

(Continued)
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Name Potential meaning of abnormal values
Red blood cell distribution High: iron deficiency anemia, folate and vitamin B12 deficiency, recent hemorrhage
width (RDW) Low: anemias
Neutrophils High: bacterial infections, cigarette smoking, stress reactions, leukemias
(polymorphonuclear Low: viral infections, aplastic anemia, overwhelming infections
leukocyte, PMN)
Lymphocytes High: viral infections, leukemias
Low: bacterial infections, aplastic anemia
Eosinophils High: allergies, leukemias, parasitic infestations
Low: anemias
Basophils High: chronic infections, allergies, leukemias

Low: anemias
High: leukemias, infections
Low: chemotherapy

Absolute neutrophil count
(ANC)

Note: Patients on clozapine require ANC monitoring due to risk for severe neutropenia [17]

Erythrocyte sedimentation
rate (ESR)

High: multiple myeloma, temporal arteritis, polymyalgia rheumatica, systemic lupus
erythematosus, rheumatoid arthritis, chronic kidney diseases

Low: polycythemia, sickle cell anemia

Adapted from: Tampi RR. Laboratory Investigations. In: Tampi, RR and Williamson, D, ed. Fundamentals of Geriatric

Psychiatry. New York, NY; 2013: 15-25

TaBLE 14-7 Urine study findings [3, 18, 19]

Name Potential meaning of abnormal values

Urine toxicology

Presence or absence of benzodiazepine, stimulants, opioid, and illicit drugs. Depending on the substance

or test used, additional confirmatory studies may be needed.

Urinalysis

Discoloration could indicate infection or blood or myoglobin (rhabdomyolysis); urine dipstick could

reveal infection (positive WBC, leukocyte esterase, nitrites, bacteria) or elevated protein or glucose
(kidney disease); urine culture and sensitivity to confirm infection

Urine culture

Provides evidence to establish urinary tract infection. Bacterial or fungal growth, along with identified

organisms/species and antibiotic sensitivity, helps guide treatment

Urine osmolality
polydipsia

Reduced in diabetes insipidus. Chronic lithium can increase risk for nephrogenic DI [7]. Psychogenic

Electrocardiogram
(ECG or EKG)

In geriatric psychiatric practice, when starting a
new medication that is associated with potential
for QTc prolongation (which can increase risk
for fatal arrhythmia), providers should obtain a
baseline and follow-up EKG, especially in
patients with known cardiac disease or risk fac-
tors such as co-administered medications with
potential for QTc prolongation [20]. Psychiatric
medications such as many antipsychotics (e.g.,
haloperidol, atypical antipsychotics) and some
antidepressants (e.g., citalopram, tricyclics) are

associated with potential for QTc prolongation
[20-22].

Conclusion

Geriatric mental health providers need to be well
versed with the use of laboratory and EKG diag-
nostic tools in the evaluation and management of
older adults with behavioral and psychiatric dis-
orders. These approaches can be used as part of
the initial work-up or as part of ongoing surveil-
lance and monitoring to ensure safe use of psy-
chotropic medications.
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Structural and Functional Imaging

Vimal M. Aga

Introduction

A biomarker can be defined as an objective phys-
iological, biochemical, or anatomical parameter
that indicates a normal biological process, a path-
ological process, or a response to a therapeutic
intervention [1]. A recently proposed taxonomy
classified biomarkers into biomarkers of risk, bio-
markers of trait/diagnosis, biomarkers of state/
acuity, biomarkers of stage, biomarkers of treat-
ment response, and biomarkers of prognosis [2].
In neuropsychiatric practice, imaging and cere-
brospinal fluid biomarkers are still mostly being
used only for diagnostic purposes in patients with
neurocognitive disorders, although in the future
they will likely be used for other indications as
well. This chapter will therefore focus mainly on
the current state of diagnostic imaging in clini-
cal neuropsychiatry, while other potential roles of
imaging biomarkers in clinical practice, such as
in determining prognosis and response to treat-
ment, will not be covered.

Indications for the use of imaging in routine
clinical practice will be provided first which will
lay out the scope of the chapter. A case will then
be made for training in imaging modalities that
is relevant to psychiatric practice. This will be
followed by a discussion of the various struc-
tural and functional imaging modalities which
have been shown to have diagnostic utility at the
individual level. There are also many advanced
imaging techniques that are being extensively
used in research which do not have a place in
routine clinical practice yet, and these will not

© Springer International Publishing AG, part of Springer Nature 2018

be discussed in the interest of brevity, with occa-
sional exceptions. Readers who are interested in
learning more about imaging techniques used in
psychiatric research are referred to this excellent
review of the topic [3].

Note that in the remainder of this chapter, the
DSM-5 term major neurocognitive disorder has
been used interchangeably with the more tradi-
tional term dementia for the sake of continuity.
This is not to imply that these are completely
overlapping constructs, since the DSM-5 text
indicates that major neurocognitive disorder is
a broader construct than dementia and recom-
mends restricting the use of the latter term to
indicate only degenerative dementias in older
adults where there is substantial decline in at
least two cognitive domains. It is essential to note
that almost no research that forms the basis for
the use of imaging in clinical neuropsychiatric
practice has been done using the broader DSM-5
construct of major neurocognitive disorder.

Practical Indications
for Imaging in Psychiatry

While imaging has been studied as a diagnostic
tool in psychiatric research for decades, imag-
ing studies are seldom ordered and almost never
interpreted by the psychiatrist in general clinical
practice, with the exception of those working in
specialized settings. There are several reasons for
this. Imaging did not have a place in the syndromic
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approach to psychiatric diagnosis adopted by suc-
cessive iterations of the Diagnostic and Statistical
Manual of Mental Disorders (DSM) published
by the American Psychiatric Association (APA)
until the fifth edition (DSM-5) came out in 2013.
While several APA clinical practice guidelines
do recommend the use of imaging studies in
the diagnostic work-up of psychiatric disorders
other than the neurocognitive disorders, the goal
in such cases appears to be mainly to exclude
“organic” (disorders due to “another medical
condition” in DSM-5 [4]) phenocopies of psychi-
atric disorders, and clear guidelines on practical
aspects of ordering and interpreting these expen-
sive studies are still mostly lacking.

An example of this is the 2004 clinical prac-
tice guideline for treatment of patients with
schizophrenia, which recommends that “A CT or
MRI scan may provide helpful information, par-
ticularly in assessing patients with a new onset of
psychosis or with an atypical clinical presenta-
tion. Although imaging studies cannot establish
a diagnosis of schizophrenia, specific findings
froma CT or MRI scan (e.g., ventricular enlarge-
ment, diminished cortical volume) may enhance
the confidence of the diagnosis and provide
information that is relevant to treatment plan-
ning and prognosis. Given the subtle nature of
the neuropathological findings in schizophrenia,
MRI is preferred over CT” [5]. This recommen-
dation for structural neuroimaging in schizophre-
nia provides no further guidance regarding when
brain scans are indicated in “atypical” presenta-
tions of schizophrenia at the individual level, or
exactly what the referring clinician or the inter-
preting radiologist might look for in such scans.
Specifically, no details are provided regarding the
“subtle neuropathological finding(s)” on a brain
MRI that would “enhance the confidence of the
diagnosis” in the clinic. Ventricular enlargement
and diminished cortical volume are nonspecific
findings which are especially common in the
elderly. The specific biosignature of schizophre-
nia on neuroimaging is still unclear, even after
decades of research in this area, and the widely
reported finding of hippocampal atrophy in
schizophrenia research has not been consistently
replicated [5]. This conundrum applies to the
other psychiatric disorders as well. MRI studies
of bipolar disorder, for example, have reported
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modest effect sizes and significant heterogeneity
across studies [6].

Functional imaging studies have not fared any
better. '®Fluorodeoxyglucose positron emission
tomography (FDG-PET) studies first demon-
strated frontal hypometabolism or hypofrontal-
ity in schizophrenia in the 1980s [7]; more than
30 years later, this has still not translated into a
diagnostic biomarker that can be used in routine
clinical practice. In bipolar disorder, the anterior
and posterior cingulate cortices, precuneus, and
cuneus were all implicated in a large quantita-
tive meta-analysis of 55 functional neuroimaging
studies, but as in the MRI studies, the results of
the "*FDG-PET studies in bipolar disorder are
also confounded by clinical and demographic
variables such as the subjects’ age, mood state
at the time of the study, stage of illness, and
presence or absence of pharmacological treat-
ments [6, 8].

It was thought that late-onset variants of psy-
chiatric disorders, such as schizophrenia and
bipolar disorder, may be distinct from their
early onset counterparts by having more of an
“organic” etiology. Therefore, the possibility
of finding unique structural or functional brain
lesions underlying the late-onset disorders was
thought to be higher. Unfortunately, no consistent
structural or functional lesion has been found to
date in late-onset schizophrenia or bipolar disor-
der, although some of the preliminary results are
promising if they can be replicated [9]. For an
excellent critique of the search for the “elusive
psychiatric lesion,” including several method-
ological problems, the reader is referred to this
recent review [10].

In summary, recommending imaging in the
clinic in every patient with a young-onset psychi-
atric disorder cannot be justified based on current
evidence, in the absence of a strong clinical sus-
picion of an “organic” etiology where imaging
has known diagnostic value. Unfortunately, cur-
rent recommendations in clinical practice guide-
lines for the use of imaging in several psychiatric
disorders, such as those mentioned above, may
be interpreted as blanket recommendations to
order expensive and time-consuming brain scans
for every patient with new-onset psychosis or a
mood disorder, which will almost certainly result
in denied insurance claims for such studies,
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leaving the patient with a large bill to pay for a
study which will contribute minimally, if at all,
to the diagnosis and management. Additionally,
patients with psychiatric disorders may be unable
to tolerate and may even react negatively to the
scanning process, which may occasionally place
the radiology personnel and expensive scan-
ning equipment at risk. Psychotic patients may
interpret the noisy MRI environment as yet more
evidence of electronic surveillance, or the injec-
tion of a PET tracer may further exacerbate the
patient’s persecutory delusions of being poi-
soned, all of which needs to be factored in when
referring such patients for imaging studies.

The single most important clinical indication
for ordering imaging studies in psychiatric prac-
tice is for the diagnostic work-up of the neuro-
cognitive disorders, and several neurocognitive
disorders have valid biosignatures on imaging.
Patients with neurocognitive disorders usually
present to the psychiatrist with behavioral symp-
toms, while those whose symptoms are pre-
dominantly cognitive are usually referred to the
neurologist. Concurrent behavioral symptoms
occur in the vast majority of community dwell-
ing adults with neurocognitive disorders at some
point in time during the course of the illness [11],
and are commonly referred to as behavioral and
psychological symptoms of dementia (BPSD) or
neuropsychiatric symptoms (NPS) of dementia.

Patients with behavioral symptoms can further
present in several ways. Patients with known a
diagnosis of a major neurocognitive disorder can
present to the clinic with new-onset BPSD. In
many cases, the underlying disease is not imme-
diately obvious, in which case it behooves the
psychiatrist to order further diagnostic work-up
to clarify the etiology. Furthermore, as disease-
modifying therapies become available in the near
future, the current state of nihilism in diagnos-
ing and treating neurocognitive disorders will
become increasingly unacceptable, and making
an etiological diagnosis will become the critical
first step in selecting the appropriate disease-
modifying therapy in every patient.

Another group of patients can present with
behavioral and psychological symptoms in the
context of mild cognitive impairment (MCI,
called mild neurocognitive disorder in DSM-5
[4]) or even without any overt cognitive symp-
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toms. A late-onset syndrome consisting of “per-
sistent behavioral changes and mild psychiatric
symptoms” in patients with “no serious memory
complaints” and “normal activities of daily liv-
ing” has been called mild behavioral impair-
ment (MBI) [12]. MBI was first described in
the context of frontotemporal dementia (FTD),
the various subtypes of which can present with
a psychiatric prodrome which has a substantial
phenotypic overlap with the psychiatric disor-
ders. However, it is now recognized that MBI is
not restricted to prodromal FTD, but can occur
in the other neurodegenerative dementias as well.
Even in the original data presented by Taragano
in 2003, 45% patients developed frontotempo-
ral dementia, 25% developed dementia of the
Alzheimer’s type, and 7% developed dementia
of the Lewy body type within the 3-year follow-
up period, while only 23% did not end up with a
dementia [12]. Patients with MBI often receive an
erroneous diagnosis of a primary psychiatric dis-
order early on when cognitive problems are not
yet prominent. In a recent blinded, retrospective
chart review, the false positive rate for psychiatric
disorders was as high as 28% across the various
neurodegenerative dementias, being the highest
for behavioral-variant FTD (51%), followed by
semantic-variant FTD (24%) and Alzheimer’s
disease (AD) dementia (23%) [13]. The mean
time to accurate diagnosis in this study was 33.3
(SD 3.4) months. Such patients usually present
to the primary care or psychiatric clinic, and it
has been suggested that the psychiatrist’s lack of
familiarity with interpreting relevant biomarker
studies, including imaging studies, contributes to
the high misdiagnosis rate in such patients [14].
Accurately diagnosing such patients also has
important prognostic implications, since MBI is
a bad prognostic marker and such patients have
a higher annual rate of conversion to dementia
compared to MCI patients without MBI [15].
This has led to the recommendation that
patients with late-onset atypical psychiatric
symptoms should be evaluated for neurocogni-
tive disorders, and in such patients, imaging is
essential in making an accurate diagnosis [16].
Late onset has been variously defined in this con-
text, such as “patients who present with new onset
behavioral, emotional or cognitive changes after
age 40” (italics mine) [13]. The clinical spectrum
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of atypical psychiatric symptoms in such patients
is even broader. The recently proposed provi-
sional research diagnostic criteria for MBI by the
Alzheimer’s Association International Society to
Advance Alzheimer’s Research and Treatment
(AA-ISTAART) Neuropsychiatric Symptoms
Professional Interest Area are a first step toward
refining these recommendations [17]. While still
overly broad, these criteria define late onset as
age 50 or above, and psychiatric symptoms are
consolidated into five domains, must persist
or present intermittently for 6 months (thereby
excluding adjustment disorder precipitated by
life stressors), and must result in at least mini-
mal impairment in one of the following areas—
interpersonal relationships, other aspects of
social functioning, or the ability to perform in the
workplace without leading to a loss of functional
independence. A concurrent diagnosis of MCI is
allowed in the AA-ISTAART MBI criteria but is
not necessary. These criteria appear to have high
sensitivity but low specificity, as they are inad-
equate for filtering out other late-onset psychiat-
ric disorders that may have a prodrome lasting
more than 6 months. The criteria will certainly
undergo further revisions but, until then, the cli-
nician should use these criteria to select appro-
priate candidates for imaging studies to look for
biosignatures of neurocognitive disorders within
the fairly large cohort of patients whose psychi-
atric symptoms first appear in mid-life or later.
An MBI checklist has been recently developed
to assist with the application of these criteria in
the clinic [18].

MBI, with or without concurrent MCI, can also
confound the clinical presentation of patients with
pre-existing psychiatric disorders. Mid- or late-
life worsening of a pre-existing stable psychiatric
disorder for no apparent reason, or the appear-
ance of behavioral symptoms that are atypical for
that psychiatric disorder, e.g., new-onset obses-
sions later in life in a patient with known young-
onset bipolar disorder, often herald the onset of
a neurocognitive disorder in such patients. This
can either be a superimposed neurodegenerative
dementia or a nondegenerative dementia due to
risk factors not uncommonly seen in psychi-
atric patients, such as substance use [19] and
cerebrovascular disease [20]. Furthermore, it is
well known that patients with chronic psychiat-
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ric disorders, such as schizophrenia and bipolar
disorder, can develop cognitive impairment, even
dementia, later in life [21-23], which appears to
be related to the disorder itself [24], but almost
nothing is currently known about any specific
biomarkers of cognitive decline in such patients.
Imaging in such patients should be used only
to diagnose those neurocognitive disorders for
which there are well-known neuroimaging bio-
signatures, with the caveat that identical findings
due to the pre-existing psychiatric disorder, such
as hippocampal atrophy in chronic schizophre-
nia, may confound interpretation, and therefore
fluid biomarkers may be the biomarkers of choice
in such patients.

Imaging is also increasingly finding a place
in the diagnosis of movement disorders, most of
which were hitherto diagnosed based solely on
history and clinical examination. The approval
of the dopamine transporter scan for the clinical
diagnosis of idiopathic Parkinson’s disease by
the US Food and Drug Administration (FDA) in
2011 has revolutionized this field [25]. While it
is certainly not recommended that psychiatrists
order imaging studies to diagnose movement
disorders, they need to be aware of the applica-
tions and limitations of this imaging modality
since such patients are often seen in psychiatric
practices. Patients on dopamine antagonists often
develop drug-induced parkinsonism, and patients
with idiopathic Parkinson’s disease (and less
commonly, those with the atypical parkinsonian
syndromes) often develop concurrent neuropsy-
chiatric symptoms [26]. Psychiatrists may there-
fore be asked by patients, who have already had
a dopamine transporter scan done elsewhere, to
review their scan and provide a second opinion.
Conversely, the psychiatrist may need to refer a
patient to a neurologist to determine whether a
dopamine transporter scan is indicated.

Finally, clarification of etiology is necessary
for accurate coding of neurocognitive disorders
in DSM-5 [4]. There are 13 specific etiological
subtypes of neurocognitive disorders in DSM-
5. Borrowing from the general framework first
proposed by the International Working Group
(IWG) in 2007 for diagnosing AD [27] and subse-
quently expanded upon by the National Institute
on Aging-Alzheimer’s Association (NIA-AA) in
2011 [28], the DSM-5 criteria require clinicians
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to make a dichotomous “probable” versus “pos-
sible” distinction in 5 of the 13 neurocognitive
disorders, each of which has a different diag-
nostic code. Imaging is required to rule in the
probable neurocognitive disorder in 2 of these 5
disorders (vascular and frontotemporal), while in
all the others it is required to rule out mixed eti-
ology due to concurrent cerebrovascular disease.
Ironically, DSM-5 does not require neuroimaging
or cerebrospinal fluid biomarker evidence for the
diagnosis of “probable” AD, as the text indicates
that these markers are “not yet fully validated.”
It should be clear by now that the treating
clinician can best integrate clinical, lab, and
imaging data meaningfully, thereby improving
patient care. Not only is the use of diagnostic
biomarkers in memory and movement disorder
clinics expected to increase exponentially, but
testing for biomarkers is in the not-so-distant
future for several other psychiatric disorders as
well. The first grants in the ambitious Human
Connectome Project were awarded by the
U.S. National Institutes of Health in 2010 [29],
but 7 years later, the average trainee psychiatrist
is unfortunately still receiving minimal training
in ordering and interpreting even basic imag-
ing studies, and the practicing psychiatrist is
possibly the least “imaging-savvy” amongst all
physicians trained in the clinical neurosciences.

The Case for Practice-Relevant
Training in Imaging

It is certainly the expectation of accreditation
and other agencies tasked with oversight of psy-
chiatric training and practice that psychiatrists
will become familiar with ordering appropriate
neuroimaging studies relevant to their practice.
The Accreditation Council for Graduate Medical
Education (ACGME) Program Requirements
for Graduate Medical Education in Geriatric
Psychiatry (revised 7/1/15) specify that trainees
must “demonstrate proficiency in the selection
and use of clinical laboratory tests, radiologic
and other imaging procedures... (italics mine).”
Third-party payers also acknowledge the psy-
chiatrist’s potential in interpreting brain scans.
For example, the Center for Medicare and
Medicaid Services (CMS) National Coverage
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Determination (NCD) for PET scans for
Dementia and Neurodegenerative Diseases states
that the “reading of the scan should be done by an
expert in nuclear medicine, radiology, neurology,
or psychiatry...” (italics mine). Unfortunately,
in practice, even when trainees have a dedicated
neuroradiology rotation as part of their psychiat-
ric training curriculum, they are mostly trained to
diagnose neurological conditions such as large-
vessel strokes, space occupying lesions, and the
demyelinating disorders, but receive relatively
little education about the imaging findings that
may support a diagnosis of a neurocognitive dis-
order. It is even more doubtful that any psychiatry
training program has a dedicated nuclear medi-
cine rotation as part of the psychiatry residency
or geriatric psychiatry fellowship curriculum. It
is therefore incumbent upon trainee psychiatrists
to make themselves familiar with the common
neuroimaging modalities, just as it is incumbent
upon the psychiatry residency training directors,
and especially geriatric psychiatry fellowship
training directors, to collaborate with their radi-
ology and nuclear medicine colleagues to ensure
that psychiatry residents and fellows are getting
practice-relevant radiology training. As already
noted, research in neurocognitive disorders has
already moved beyond the study of regional brain
structure and function toward multimodal imag-
ing [30] and the study of the human connectome
[29], where the connectome has both structural
and functional elements and was first defined in
2005 as “a comprehensive structural description
of the network of elements and connections form-
ing the human brain” [31]. Therefore, there is an
urgent need to incorporate these recent advances
into routine psychiatric training and practice in a
way that is clinically meaningful [32].

With this background, the common structural,
functional, and molecular imaging modalities
will now be reviewed in some detail.

Structural Imaging

Structural imaging modalities commonly used in
clinical practice are the Computerized Tomography
(CT) and Magnetic Resonance Imaging (MRI).
CT remains the imaging modality of choice for
acute craniocerebral trauma [33], and geriatric
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patients who come to the clinic will often have
had at least one CT scan of the brain, usually
during an emergency room (ER) visit for a fall
or a suspected stroke. The technical aspects of
CT scanning will not be discussed in detail as
these are usually not of relevance to the practic-
ing psychiatrist. However, it is important to note
that the use of multidetector computed tomogra-
phy (MDCT) has shortened the acquisition time
greatly, and new generation scanners contain
multiple detector arrays or rows perpendicular
to the axial CT plane which can generate images
within a matter of seconds that can then be pro-
cessed into high-resolution three-dimensional
images [34].

While an MRI is the imaging modality of
choice for diagnosing the neurodegenerative
disorders in clinical practice, CT scans are the
default option for patients who may be agitated,
claustrophobic, sensitive to noise, or have MRI-
incompatible medical devices. The most com-
mon MRI-incompatible medical devices in older
individuals are pacing devices. While new pacing
devices are designed to be safe in the MRI envi-
ronment, one should always ask for any implanted
medical devices and check for device safety before
referring a patient for brain imaging. Every imag-
ing center has an MRI screening checklist for this
very purpose. A good online resource for check-
ing device safety can be found at http:/www.
mrisafety.com/. However, such websites are not a
substitute for the expertise of a radiologist, and it
is always best to confer with radiology colleagues
when questions regarding device safety arise in
the clinic. Finally, CT scan should be considered
as a viable alternative in patients who cannot
afford an MRI because they are either self-paying
or their insurance plan will not cover the MRI.

Two safety concerns regarding CT scans
require further elaboration. The first is the use of
contrast. Note that subtle alterations in the blood-
brain barrier in the neurodegenerative [35, 36]
and vascular dementias [37] are not enough to
allow macroscopic leakage of contrast material,
so intravenous (IV) contrast should not be rou-
tinely used in both CT and MRI scans to diagnose
these disorders. Indications for administration of
contrast include disorders that result in gross dis-
ruption of the blood-brain barrier, such as inflam-
matory disorders, infections, and tumors. These

V.M. Aga

disorders may present as rapidly progressive
dementias in younger adults. As a general rule of
thumb, these disorders are also indications for a
neurology referral, since diagnosis and manage-
ment of these conditions are outside the scope of
the typical psychiatric practice. Therefore, if use
of contrast appears to be clinically indicated, con-
sultation with a radiologist and preferably, refer-
ral to a neurologist must be strongly considered.

All contrast agents used for CT are iodine-
based, but the newer contrast media are non-
ionic low-osmolality water soluble molecules
with a lower risk of allergic and physiologic
reactions and toxicity compared to the older
ionic high-osmolality contrast media. With the
newer contrast media, the risk of acute allergic
reactions is about 0.6% overall with serious acute
reactions occurring in about 0.04% of cases [38,
39]. High-risk patients are those with a history
of asthma, atopic disease, or prior allergy to
iodinated contrast media [39]. A test injection of
iodinated contrast is not recommended for pre-
dicting which patients will react to iodinated con-
trast [40]. Patients with impaired renal function
can experience a worsening of their renal func-
tion following intravenous (IV) administration
of iodinated contrast material (contrast-induced
nephropathy). For patients with an estimated
glomerular filtration rate (GFR) between 30 and
60 mL/min, a reduced dose of the contrast mate-
rial is recommended, and for patients with GFR
below 30 mL/min, IV iodinated contrast use is
best avoided altogether [41]. If contrast admin-
istration is imperative in such patients, proper
hydration before and after the procedure is essen-
tial. Nephrotoxic agents are best avoided for 48 h
before and after contrast administration. This is
another situation where it is essential to confer
with the staff radiologist prior to ordering a con-
trast CT scan.

The second safety concern with CT is that it
utilizes ionizing radiation (x-rays) which can
be carcinogenic. Large epidemiologic studies
of atomic bomb survivors and nuclear industry
workers have demonstrated that there is a linear
dose-response curve between radiation exposure
and lifetime relative risk of developing a fatal
malignancy. These studies have also shown that
children are more susceptible to the carcinogenic
effects of radiation than adults. CT parameters
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such as tube current, tube rotation time, peak
voltage, pitch, and collimation contribute to the
amount of radiation received during a CT scan;
in order to maintain image quality, if one param-
eter is reduced, another needs to be increased
[42]. The harm from exposure to radiation,
which is what the patient is typically interested
in, is a function of the radiation dose, the sensi-
tivity of the scanned body part to radiation, and
the patient’s age. This has led to the concept of
“effective dose,” which is the weighted average
of the mean absorbed dose to the various body
organs and tissues, and is expressed in Sievert
(Sv) [43]. The weighting factor is the radia-
tion detriment for the given organ. The average
annual ambient environmental radiation in the
USA is roughly about 3.00 mSv. Effective dose
of radiation from a typical chest radiograph is
about 0.1 to 0.2 mSy, but from a typical head CT
is 1 to 2 mSv. The estimated risk of fatal malig-
nancy or death from radiation exposure is 0.05
per 1000 individuals for every 1 mSV of effective
radiation dose, while the lifetime odds of dying
from a motor vehicle accident is 11.9 and from a
natural fatal cancer is 212 [44]. The cancer risk
for geriatric patients receiving CT scan is even
lower, as there is a 1-2 decade lag time between
radiation exposure and development of malig-
nancy. For further information on this topic, the
reader is referred to the American Association of
Medical Physicists Task Group 23 report, which
can be accessed online at https://www.aapm.org/
pubs/reports/RPT_96.pdf.

MRI is the neuroimaging modality of choice
in neurocognitive disorders. The advantage of
MRI lies in its superior resolution and soft tissue
contrast, as well as the ability to use specialized
pulse sequences. Unlike CT, it is important for
the referring clinician to have a basic knowledge
of the physics of MRI in order to understand
pulse sequences. Most contemporary MRI scan-
ners contain a powerful, doughnut-shaped super-
conducting magnet cooled by liquid helium. At
the center of the doughnut, the resultant mag-
netic field vector (designated B,) is oriented par-
allel to the axis of the patient table. B, strengths
of 1.5 T (T) and 3 T are currently used in clinical
practice, while higher strengths (7 T and 11.7 T)
are being used in research. In 2015, Siemens
introduced the first 7 T MRI scanner for clinical
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use, but FDA approval has not yet been granted
for ultra-high field MR imaging. While there
are distinct advantages to using ultra-high field
MRI scanning in practice, including the approxi-
mately linear increase in the raw signal to noise
ratio (SNR) with the increase in the strength of
By, there are several problems as well, and a lon-
ger discussion of this topic can be found else-
where [45].

The main contribution to the MRI signal comes
from water in biological tissues, since hydrogen
atoms are abundantly present in water molecules.
Hydrogen protons have a native magnetic spin,
and the external magnetic field B, adds a “wob-
ble” to this spin which is called precession. When
hydrogen atoms, each containing a single proton
with its own native spin, are placed in the strong
magnetic field B, the spin vectors of all the pro-
tons either align with or against the field. More
protons align with the field rather than against it,
and the sum of all spin vectors within a certain
volume of tissue generates the net magnetization
vector (NMV) which is parallel to the B, field.
A radiofrequency (RF) wave is then transmitted
briefly (hence the use of the word “pulse”) at the
precessional (Larmor) frequency of the hydro-
gen proton, which “flips” the NMV away from
its original longitudinal direction (z-axis) into the
transverse direction perpendicular to the origi-
nal field (x-axis), thereby forming the flip angle.
Other MR-active nuclei remain unaffected at the
Larmor frequency of the hydrogen proton, since
they are precessing at different frequencies which
do not resonate with the RF pulse frequency. An
RF pulse is defined by the amount of rotation
that it generates; thus, if the RF pulse is switched
off as soon as the NMV reaches the transverse
plane, it is called a 90° pulse because it “flips”
the magnetization vector by 90° where the lon-
gitudinal magnetization is 0°. The RF magnetic
field, called B,, is applied in a transverse plane.
When the RF pulse is switched off, this trans-
verse magnetization starts to return to its original
longitudinal direction. T/ relaxation is the time
taken for the transverse magnetization to revert
to the longitudinal direction to 63% of its final
value (for a 90° RF pulse), while 72 decay is
the time taken for the transverse magnetization
to reduce to 37% of its original value. Due to
inhomogeneities within the magnetic field, T2
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decay actually occurs at a faster rate than what
would be expected for any given tissue, and this
“effective” decay rate is called 72* (T2-star)
decay [46]. Note that T1 relaxation and T2 decay
occur simultaneously but independently of each
other. If the effects of both T1 and T2 contrasts
are minimized, image contrast is generated due
to the difference in the number of protons per
unit volume of tissue which is referred to as pro-
ton density (PD). When “weighting” is applied
preferentially to one of these parameters and
away from the others, soft tissue contrast is cre-
ated. As the moving magnetic field cuts across
the receiver coil, it generates an electric voltage
which is the source of the MRI signal. Alterations
in the main magnetic field in any linear direction
can be created by “gradient” wire coils, whose
primary function is spatial encoding of the signal.
There are three gradient wire coils, one in each
axis (x-coil, y-coil, and z-coil). Gradient coils are
also responsible for most of the noise emanating
from an MRL

There are only two fundamental types of MR
sequence families that are used clinically. Spin
echo (SE) and its variants use RF pulses as
described. Gradient echo (GRE) and its variants
use variations of gradients instead of RF pulses,
resulting in much faster acquisition times. A
“refocusing” pulse eliminates the effect of mag-
netic inhomogeneities in an SE sequence, so T2*
decay can only be seen in GRE sequences, and
the T2*-weighting can be increased by manipu-
lating certain parameters [46]. An MRI “pulse
sequence” can now be defined as a series of RF
pulses, gradient applications, and intervening
time periods. Pulse sequences have specific uses
and each is tailored to identify specific neuropa-
thology, which is why several pulse sequences are
used in every MRI scan. Furthermore, the pulse
sequences have names and acronyms, several of
which the referring clinician must become famil-
iar with in order to be able to order and interpret
MRI scans. To make matters even more confus-
ing, MRI manufacturers use different acronyms
for the MRI pulses. For more details regard-
ing the physics of MRI, the interested reader
is referred to this standard text [47]. Websites
such as http://www.ismrm.org and http://www.
users.on.net/~vision/ can be used to obtain more
information on the ever-increasing numbers of
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sequence names. Some common pulse sequences
used in neuropsychiatry are discussed later in this
section.

There are also safety concerns associated with
the use of MRI scans. MRI does not utilize ioniz-
ing radiation, so carcinogenesis is not a concern.
The relatively long acquisition time relative to
CT scan does preclude its use in agitated patients.
As with CT scans, there are not many indica-
tions for the use of IV contrast material in MRI
in psychiatry. Common indications for MRI with
IV contrast include rapidly progressive demen-
tia in a younger patient, and suspicion of infec-
tion, tumor, demyelination, or vasculitis [48].
IV contrast material for MRI is not iodine-based
but instead contains a heavy metal called gado-
linium, which is toxic to humans in its elemental
form. There are nine gadolinium-based contrast
agents (GBCA) currently approved for use by
the US FDA, of which two are not approved for
contrast-enhanced brain MR imaging [41, 49].
All GBCA are extracellular and do not cross the
blood-brain barrier, and all of them selectively
shorten T1 relaxation within a lesion compared
with healthy tissue, which is the basis for their
use in clinical practice. GBCA can be ionic or
non-ionic. Allergic reactions to GBCA are rare,
with severe life-threatening reaction incidence
of 0.001-0.01% [50]. Knowledge of an aller-
gic reaction in a patient to a previous dose of
GBCA should prompt pretreatment with ste-
roids for future contrast-enhanced MRI studies.
Nephrogenic systemic fibrosis (NSF) is a severe
scleroderma-like disease that can develop in
patients with renal insufficiency who received
GBCA. The first case was first described in 2006
[51], some 18 years after the first GBCA was
approved for use by the FDA. The decision to
administer a GBCA to a patient with impaired
renal function needs to account for the necessity
of the MRI study, degree of renal impairment, the
specific types of GBCA available, as well as the
availability of dialysis, since some GBCA can be
cleared by hemodialysis [52]. Consultation with
radiologist and nephrologist colleagues can help
in the decision-making process.

In 2014, a new concern appeared regarding
toxicity from GBCA—gadolinium deposition in
neural tissues (globus pallidus, dentate nucleus)
after multiple administrations of GBCA [49].
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This adverse effect appears to be independent
of renal function, and the clinical significance of
this is yet to be fully understood.

Formal postgraduate training in interpretation
of cross-sectional imaging of the brain entails
several years of training. It is neither possible
nor expected that non-radiologists will have the
same level of expertise. A comprehensive review
of brain CT and MRI interpretation is therefore
beyond the scope of this chapter. Described next
are key elements of brain MRI interpretation
and strategies for improving the nonradiologist’s
interpretive skill.

Clinicians should make it a habit to person-
ally review all of their patients’ scans. All
images must be reviewed and interpreted inde-
pendently, and then the interpretation should
be compared with the formal radiology read to
assess for discrepancies, which is also an effi-
cient way to learn. The same approach should be
used each time when reviewing scans. There is
no single best approach, but as long as one sticks
to the same approach each time, the likelihood
of overlooking potentially important findings
is decreased. Clinicians must become aware
of the “satisfaction of search” phenomenon—
identifying a potentially important finding on the
MRI scan and subsequently decreasing vigilance
for detecting additional abnormalities—as this
is well known to lead to oversight of important
imaging findings. In reviewing MRI scans, all
parts of the imaged anatomy must be assessed
for morphology, volume, and signal change,
where signal change is any inhomogeneity in the
intensity of the greyscale and likely represents
pathology [53].

There are five MRI pulse sequences standard to
most brain MRI protocols: T1, T2, T2*, FLAIR
(Fluid Attenuated Inversion Recovery), and dif-
fusion. Each pulse sequence has a particular use,
somewhat analogous to the different histologic
stains used by the pathologist.

When reviewing the scan, starting with
T1-weighted images (T1WI) is useful as it
gives a broad overview of the brain anatomy.
Grey matter appears grey, white matter appears
white, and cerebrospinal fluid (CSF) appears
dark in TIWI. Lipid and subacute blood products
appear bright on TIWI. TIWI is used for imag-
ing with IV contrast material; structures/lesions
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that become hyperintense on post-contrast TIWI
as compared to pre-contrast TIWI are said to
enhance.

On T2-weighted imaging (T2WI), CSF
appears bright and the white matter appears dark
relative to grey matter. Fluid-attenuated inver-
sion recovery (FLAIR) is a variant of T2WI in
which an “inversion pulse” has been applied so
as to null (darken) the signal arising from normal
CSF. T2WI and FLAIR are sensitive for detec-
tion of brain edema, which manifests as a bright
signal. Many acute brain pathologies generate
brain edema (e.g., cerebritis, cerebral abscess,
septic emboli, encephalitis, active demyelination,
brain tumors), and T2WI and FLAIR are useful
in the detection of such pathologies. Also appear-
ing bright on T2WI and FLAIR are sequelae
of prior brain injury, including post-ischemic
encephalomalacia, post-traumatic encephalo-
malacia and multiple sclerosis lesions. Chronic
microvascular ischemic changes and chronic
lacunar infarcts are also well depicted on T2WI
and FLAIR. However, T2WI and FLAIR do
not have comparable sensitivity in diagnosing
all vascular lesions; for example, vascular syn-
dromes involving the thalamus can present with
much psychiatric and neurological morbidity
[54], but the FLAIR sequence is less sensitive to
vascular lesions in the thalamus than T2WI [55].
T2/FLAIR sequence should not be confused with
the T1-inversion recovery (T1/IR or T1/FLAIR)
sequence that can replace the T1-weighted SE
sequence in some protocols as it improves grey-
white matter contrast and lesion delineation with-
out significantly increased acquisition time [56].
In the context of the neurocognitive disorders,
the T1/IR sequence is especially useful for delin-
eating enlarged perivascular spaces [57]. Other
inversion recovery sequences are also used in
brain imaging and may be occasionally seen in
MRI scans of patients presenting in the psychiat-
ric clinic, such as the short T1-inversion recovery
(STIR) sequence for imaging spinal cord lesions
in multiple sclerosis [58].

T2*GRE and the related susceptibility-
weighted imaging (SWI) are used primar-
ily to detect intracranial blood products. The
hemoglobin associated with the extravasated
red blood cells in the brain parenchyma fol-
lows a sequence of degradation, beginning with
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oxyhemoglobin and ending with hemosiderin.
Hemosiderin remains in the brain parenchyma
for decades following extravasation and appears
as dark areas on T2*GRE/SWI. On these blood-
sensitive sequences, hypertensive microhemor-
rhages appear as numerous dark spots in the basal
ganglia, whereas cerebral amyloid angiopathy
appears as numerous dark spots in the peripheral
cerebral hemispheres. Due to the much higher
detection rate of microhemorrhages with SWI
vis-a-vis T2*GRE, the SWI sequence is gradu-
ally replacing T2*GRE in clinical dementia
imaging protocols [59, 60]. T2*-based MR imag-
ing techniques also include quantitative suscepti-
bility mapping, perfusion-weighted imaging, and
blood oxygen level dependent (BOLD) imaging;
of these, only BOLD will be discussed briefly
later in the section on functional MRI (fMRI).
Diffusion-weighted imaging (DWI) with its
accompanying apparent diffusion coefficient
(ADC) map is most commonly used to identify
acute infarction (ischemic stroke). Acute infarc-
tion appears as bright signal on DWI with cor-
responding dark signal on the ADC map. This
combination of DWI and ADC signal change is
referred to as “diffusion restriction.” These find-
ings are apparent within minutes following stroke
symptom onset, whereas it usually requires a
couple of hours for infarction to manifest on
CT scan. However, a restricted diffusion pat-
tern can also be seen in nonstroke settings. Nine
diagnostic patterns of diffusion restriction have
been described across various disorders, several
of which can present with cognitive impairment,
most notably Creutzfeldt-Jakob disease [61].
Particularly relevant to diagnosis of neurode-
generative disorders is the assessment of brain
volume and atrophy, which is a key component
of any dementia imaging protocol. It is for this
reason that 3D magnetization-prepared fast GRE
sequences have found a place in the neuroimag-
ing of neurocognitive disorders. Both the inver-
sion recovery spoiled GRE (IR-SPGR) and the
magnetization-prepared rapid acquisition GRE
(MP-RAGE—Siemens) sequences generate
high-resolution 3D T1-weighted images [62]. It
is important to be conversant with these acro-
nyms since these sequences are being used in the
AD Neuroimaging Initiative (ADNI) research
protocols [63]. Consequently, these sequences
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are now also the MRI sequences of choice for
automated volumetric analysis, a topic that is
discussed later in the chapter. Newer high-reso-
lution 3D volumetric fast-SE sequences (SPACE/
CUBE/VISTA) are also now available with
improved tissue contrast and have a number of
clinical applications [64].

In addition to the pulse sequence, it is also
very important to know which projection planes
are best for viewing various brain structures. The
transaxial (axial) plane provides a good view
of the major fissures and cortical sulci, the ven-
tricular system, posterior fossa structures, and the
basal ganglia. The central sulcus is the major ana-
tomical landmark in this plane, and various meth-
ods have been described for locating it, such as
the precentral knob [65]. The axial plane is used
to evaluate cerebral, basal ganglia, and cerebellar
atrophy, as well as white matter signal change,
which is critical for diagnosing vascular cogni-
tive impairment. The sagittal plane provides
the largest field of view, all the way down to the
cervical spine. It provides a good view of some
important midline structures (corpus callosum,
posterior cingulate, precuneus and mammillary
bodies, sella, and the pineal gland) and helps esti-
mate cerebellum and brain stem atrophy, which is
seen in the atypical parkinsonian syndromes and
other disorders. Unless specifically requested, the
coronal plane is often omitted in routine MRIs,
or imaged using a T2-weighted sequence only.
The T1-weighted coronal sequence is an essen-
tial sequence for evaluating frontal and temporal
atrophy, and especially for estimating hippocam-
pal size, symmetry, and gradient, which is criti-
cal for diagnosing frontotemporal as well as AD
dementia.

A word of caution regarding axial views of the
hippocampus. Since the long axis of the hippo-
campus is slightly oblique to the standard axial
slices, posterior sections of the hippocampus will
be visible in the more cephalad axial images while
the more anterior sections of the hippocampus
will appear as one scrolls down to the more cau-
dal images. In order to best visualize the entire
hippocampal formation, it is preferable to image
the hippocampus parallel to its long axis in the
axial plane as well as in a slightly oblique coronal
plane that is perpendicular to its long axis [66].
Rather than acquire these separate images, most
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centers will acquire a single 3D T1W sequence in
the sagittal plane, then reconstruct images in the
other two planes (or in a plane orthogonal to the
hippocampal axis, as discussed).

Once the appropriate brain scan has been
done, it is interpreted and typically a qualitative
report is generated. By and large, radiologists are
still practicing what has been termed the “exclu-
sionary approach” when interpreting brain scans
in dementia [67]. This involves simply identify-
ing reversible causes of dementia, which usually
adds very little information to what is already
known clinically. The benefits of this approach
become even more questionable when one takes
into account the fact that the three most common
reversible conditions that can cause dementia
and require neuroimaging for diagnosis—nor-
mal pressure hydrocephalus, brain tumors, and
subdural hemorrhage—together account for
only about 2.2% of all dementias [68]. General
radiologists also often fail to interpret regional
atrophy patterns as characteristic of a particular
dementia. In a study performed predominantly
in an academic setting, a diagnosis of behav-
ioral-variant frontotemporal dementia (bv-FTD)
was considered by the radiologists in only 10%
of all cases [69], even though the characteristic
atrophy pattern was identified in half the cases.
In practice, a majority of neuroimaging stud-
ies in dementia patients are reported by gen-
eral radiologists as “senescent changes, nothing
acute” or a variation thereof, which provides
neither diagnostic nor prognostic information.
This again underscores why the referring clini-
cians must personally review the scan, as they
have the clinical information that provides the
context for the scan.

The “inclusionary approach” is strongly rec-
ommended instead, with the goal of ruling in
rather than ruling out etiologies [67]. This con-
sists of three steps [70], which can be easily
adapted for reading brain scans in any neuro-
psychiatric disorder. The first step is excluding
reversible lesions, the second step is assessing
the extent and pattern of brain atrophy, and
the final step involves assessing signal change.
Assessing atrophy is important as it has been
shown to be the major substrate underlying cog-
nitive impairment, even in subcortical ischemic
vascular dementia [71] and post-stroke dementia
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[72, 73]. It remains to be seen whether the asso-
ciation between vascular dementia and cerebral/
medial temporal atrophy will persist in patients
with DSM-5 vascular neurocognitive disorder,
which can be diagnosed in the absence of an
amnestic presentation. In the context of neuro-
cognitive disorders, signal change is usually due
to small vessel disease [74]. If all three steps are
negative, reassessment after a suitable interval or
the use of another biomarker is recommended.
Many visual rating scales are now available
to rate both generalized and focal cerebral atro-
phy [53] as well as signal change [75-77]. It is
incumbent upon the referring clinician (and the
interpreting radiologist) to become familiar with
some of the more common scales and to routinely
incorporate them into the imaging report. Each
scale requires a specific MRI pulse sequence
and specific slices for rating. Most of the com-
mon visual rating scales have been shown to have
satisfactory inter-rater reliability [53]. Not every
scale needs to be used in interpreting every scan;
rather, clinical judgment must be exercised in
selecting the 2-3 rating scales that are the most
relevant in each case, based on available his-
tory and differential diagnosis. Volumetric or
quantitative analysis of brain structures using
MRI is being increasingly used in clinical prac-
tice. Manual segmentation of a region or regions
of interest is extremely time consuming and
requires considerable neuroanatomical expertise,
and therefore does not lend itself well to clinical
practice. Fortunately, fully automated atlas-based
segmentation tools are now commercially avail-
able for routine clinical use. NeuroQuant® was the
first FDA-approved software for volumetric anal-
ysis of brain structures [78], and the latest ver-
sion was released in October 2017. It requires the
aforementioned high-resolution 3D T1-weighted
noncontrast sagittal images for analysis. Mention
of this proprietary software should not be viewed
as an endorsement of the product. In fact, the
institution’s MRI vendor may be able to provide
a basic open-source software package at minimal
cost. Fully automated volumetric analysis soft-
ware is also available free of charge, such as the
plug-ins for the freely available medical image
processing, analysis, and visualization (MIPAV)
medical image processing software package from
the US National Institutes of Health, which runs
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on any JAVA-based platform [79]. However,
visual rating by an experienced rater is still con-
sidered to be superior to automated volumetric
analysis, and the 2012 European Federation of
the Neurological Societies (EFNS) Task Force on
neuroimaging in dementia noted that “accepted
standards for quantitative analysis are lacking”
[80]. This is a rapidly evolving field, however,
and the 6-year European AD Consortium-ADNI
Harmonized Protocol for manual hippocampal
segmentation (HarP) project has already set a
new benchmark against which all future auto-
mated hippocampal segmentation algorithms, as
well as the accuracy of manual tracers, may be
validated [81, 82].

All neuroradiology departments have standard
MRI protocols for the common neurological dis-
orders, such as strokes, tumors, and demyelin-
ating diseases, but few have a protocol that is
appropriate for diagnosing neurocognitive disor-
ders. A standard MRI dementia protocol has been
proposed [48], which can be minimally modified
to include the following—3D T1 sagittal images
with coronal and axial multiplanar reconstruc-
tions (MPR) acquired using the NeuroQuant®
(or another volumetric analysis) protocol so one
can potentially do volumetrics, 3D sagittal T2/
FLAIR with axial MPR, axial T2 (Turbo)SE,
axial SWI, and axial DWI with ADC map. 3D
sequences allow reformatting in any plane. This
protocol can be built into the hospital’s electronic
medical record (EMR) software as a single order
set, with additional options for volumetrics and
use of IV contrast if needed. Volumetric analy-
sis can also be requested later as needed, as long
as the necessary pulse sequence and number of
images have been acquired at the time of scan. If
CT scanning is the only option for reasons pre-
viously discussed, helical CT with reconstruc-
tions in the coronal and sagittal planes should
be obtained whenever possible in patients with
neurocognitive disorders.

The ideal structural neuroimaging report
should therefore include a list of the specific
visual rating scales used to rate global and
regional cerebral atrophy, as well as to rate and
localize any signal change, presence or absence
of volumetric analysis, presence and localiza-
tion of any diffusion restriction, mention of any
reversible causes of dementia, and a final diag-
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nosis or differential diagnosis regarding the eti-
ology of dementia in that particular patient [48].
If the referring clinician uses an EMR, having a
template for the over-read that incorporates some
combination of the common visual rating scales
can save time and simultaneously ensure that a
relatively standardized imaging report is quickly
incorporated into the office visit note.

This section has summarized the most common
structural neuroimaging modalities. Advanced
MRI sequences such as arterial spin labeling
(ASL) and diffusion tensor imaging (DTI) trac-
tography are also now being increasingly used
in clinical practice but are still not widely avail-
able outside of advanced imaging centers, and
therefore will not be discussed in detail; DTI
tractography will be briefly mentioned later in
the section on functional MRI (fMRI) and mul-
timodal imaging.

Functional Imaging

Single photon emission computerized tomogra-
phy (SPECT) and positron emission tomography
(PET) are the two principal functional imaging
techniques, both of which are used in neuropsy-
chiatric practice to varying degrees and for dif-
ferent indications. fMRI still remains purely a
research tool in neuropsychiatry and, as of now,
its clinical application is restricted to a single
neurosurgical indication, as discussed later.
However, fMRI has made major contributions to
neuropsychiatry and will therefore be discussed
briefly.

SPECT imaging utilizes standard nuclear medi-
cine cameras and provides an estimate of the regional
cerebral blood flow (rCBF). Small lipophilic com-
pounds, such as mTc-hexamethylpropyleneamine
(’mTc-HMPAO) and *“mTc-ethylcysteine dimer
(®’mTc-ECD), are typically used as SPECT trac-
ers. A recent review found that there is about a 10%
improvement in diagnostic sensitivity with PET
scans compared to SPECT scans for separating AD
dementia from normal controls, DLB and FTD,
while the specificities were comparable; the review
also noted that direct PET-to-SPECT comparison
studies in neurodegenerative dementias were lim-
ited in number and have small numbers of subjects
[83]. A recent Cochrane meta-analysis did not
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recommend the use of rCBF SPECT to differenti-
ate FTD from AD, as it found insufficient evidence
in the literature in support of this indication [84]. As
PET scanners are becoming relatively ubiquitous in
the USA, the use of SPECT scans in the diagnosis of
dementia has declined considerably. Families may
initially express a preference for SPECT over PET
scans for their loved one with dementia, as they can
remain in the imaging suite with the patient during
a SPECT scan which is standard practice, but this
is not routine during a PET scan in order to keep
radiation exposure to a minimum. However, diag-
nostic accuracy has been shown to trump patient
and caregiver preference, and most patients do not
find either scan more stressful than completing
questionnaires at home [85]. Use of SPECT in the
diagnosis of the dementias has, therefore, become
mostly limited to dopamine transporter scans and
myocardial SPECT scans, both of which will be
discussed later in the section on molecular imaging.

PET scans do not measure cerebral blood
flow; rather, PET tracers are bound to radioac-
tive isotopes, typically "F or ''C, which target a
predefined organ or cell type. The valence num-
ber of the isotope indicates the mass of its atomic
nucleus. The tracer binds to the target tissue
and its decay is measured. "*fluorodeoxyglucose
(FDQG) is the tracer used most frequently in PET
scans for neurocognitive disorders. It is a glu-
cose analogue that is taken up by organs which
have high glucose consumption, such as the
brain. Ninety-five percent of the energy (adenos-
ine triphosphate or ATP) requirement for brain
function comes from glucose metabolism [86],
most of which is then used to sustain postsynap-
tic action potentials [87]. It is important to note
that the metabolic signature in neurodegenerative
dementias is not simply due to synaptic loss or
aging. Neurodegenerative disorders do result in
direct synaptic loss early on in the course of the
disease, but the magnitude of the reduction in
glucose metabolism, called hypometabolism, as
measured by FDG-PET, is a reflection of not only
underlying synaptic loss in the affected areas of
the brain but also the result of a true reduction
in regional cerebral glucose metabolism [88].
Reduced FDG uptake with age has been most
consistently seen in bilateral anterior cingulate,
dorsolateral and medial prefrontal and orbito-
frontal cortices, and in some regions this can be
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similar in magnitude to that found in AD [89, 90].
Fortunately, the aging process spares the signa-
ture cortical regions that are involved in the com-
mon neurodegenerative dementias, which usually
makes it possible to differentiate the metabolic
signatures of these disorders as distinct from
hypometabolism due to normal aging.

The PET radioisotopes are inherently unstable.
The time required for half the radioactive nuclei
to break down, or decay, is the half-life of the
radioisotope, which is 109.77 min for '8F. Such
decay results in the release of a positively
charged particle, called a positron, which travels
through tissue until it collides with an electron.
This annihilation event generates a photon couple
traveling in opposite directions from each other.
The PET y-ray coincidence detectors detect the
emission of millions of such photon couples to
compute the concentration of tracer decay at each
location, which yields a relatively low resolution
image [91]. Dedicated PET/CT scanners use low
dose radiation CT to obtain co-registered images,
which are then fused to the PET images to gener-
ate attenuation maps to enable attenuation cor-
rection (photons originating in deeper structures
are attenuated by the intervening soft tissue and
therefore falsely appear to have lower activity
than photons released from more superficial tis-
sues). Fused PET/CT images also improve spatial
resolution and thereby allow anatomical localiza-
tion of the lesion. These low radiation CT scans
should never be used for diagnostic purposes.

Exposure to radiation is also a concern with
PET/CT imaging. The exposure occurs not only
from the tracer used, but also from the CT com-
ponent of the scan in the PET/CT scanner. For
PET brain imaging in adults, the dose of FDG
recommended is 5-20 mCi. A 10 mCi dose of
FDG results in an effective radiation dose of
about 4 mSv to the brain; the additional radia-
tion dose from the multidetector CT depends on
the scanner model and the technique used [91].
The quality of the CT image can be improved by
increasing the CT current and potential, which
unfortunately results in higher radiation expo-
sure. It should already be evident by now that the
radiation exposure (and therefore, the subsequent
risk of cancer) is higher with PET/CT imaging
than from just CT imaging of the brain. However,
in the context of dementia patients, it is again
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important to note that most patients are older, and
the carcinogenic risk due to radiation exposure
declines with increasing age at exposure [92].
Even though FDG-PET scans are not typically
done early in the course of the disease in clini-
cal practice, earlier scans may be more useful.
One study found that obtaining an FDG-PET
at initial clinical evaluation improved the diag-
nostic accuracy of AD dementia equivalent to
a mean of 4.1 (SD 2.7) years of follow-up, and
both positive and negative predictive values were
higher for FDG-PET vis-a-vis an initial clinical
diagnosis [93]. The cost of an FDG-PET scan
now is typically less than the cost of one year’s
worth of unnecessary treatment of an incorrectly
diagnosed patient with cholinesterase inhibitors
[94], so the earlier the scan is done, the more cost
effective it is. In clinical practice however, the
use of FDG-PET scans in diagnosing dementia
is severely restricted by the Center for Medicare
and Medicaid Services (CMS) national coverage
determination (NCD) for FDG-PET for Dementia
and Neurodegenerative Disease, which was first
issued in 2004, and version 3 became effective
in 2009. It limits the use of an FDG-PET scan
to a single clinical indication differentiating AD
dementia from FTD- and only when certain other
preconditions are met. These include a “com-
prehensive clinical evaluation” which should be
“conducted by a physician experienced in the
diagnosis and assessment of dementia,” cognitive
screening in the clinic, and checking relevant labs
(B12 and thyroid hormone are listed in the docu-
ment). Presence of cognitive decline of at least
6 months’ duration is necessary prior to order-
ing the scan, along with prior structural brain
imaging (CT or MRI), which should have been
inconclusive. If a previous FDG-PET or SPECT
scan has been obtained for the same indication,
another scan is covered only after 1 year and only
if the first functional imaging was inconclusive
(or if the first functional scan was a SPECT scan
that was difficult to interpret due to technological
problems). The clinical benefit of a repeat PET/
CT must be weighed against the higher radiation
exposure risk, keeping the patient’s age in mind,
as already discussed. In order to operationalize
the NCD criteria, nuclear medicine departments
across the country have developed checklists,
such as the one used at UCLA [95], to assist with

V.M. Aga

determining whether an FDG-PET scan will be
covered by CMS in a particular patient. Referring
clinicians are strongly encouraged to use such a
list and/or consult with their own nuclear medi-
cine department in questionable cases. The refer-
ring as well as billing clinicians must be able to
demonstrate medical necessity, as set forth in the
NCD, upon request by the CMS and/or its agent
upon request (Code of Federal Regulations sec-
tion 410.32).

Occasionally, patients will request an FDG-
PET scan for diagnostic clarification even when
it is clear that the scan will not be covered by
CMS. In such cases, if the clinician agrees that
the scan is indicated, the issue of out-of-pocket
payment for the service should be discussed at
the outset. Veterans who use their VA benefits are
not bound by the CMS NCD. Therefore, clini-
cians working for Veterans Administration (VA)
clinics and hospitals have the option of using
FDG-PET scans for noncovered indications, such
as to confirm a clinical diagnosis of DLB or to
confirm a diagnosis of AD dementia in atypical
cases (e.g., young-onset dementia or nonamnes-
tic AD) even when FTD is not in the differential.

Simultaneous PET and MRI image acquisition
was first reported in 2008 using a PET detector
ring [96], and fully integrated PET/MRI scanners
have been available since 2010 [97]. One clinical
advantage of using a dedicated PET/MRI scanner
is that most patients with neurocognitive disor-
ders will get an MRI scan of the brain anyway,
and obtaining a PET scan at the same time will
greatly reduce acquisition time [98]. Another
advantage is the lower radiation exposure with
PET/MRI imaging vis-a-vis PET/CT imaging.
PET/MRI systems are also more suitable for mul-
timodal imaging protocols [99]. Unfortunately,
the CMS NCD precludes reimbursement for the
simultaneous acquisition of FDG-PET and MRI
structural scans in clinical practice. PET/MRI
systems are still not widely available and the
technology is still evolving. The interested reader
is referred to this review [98] for further details.

One vexing problem in PET (and SPECT)
scans is the partial volume effect (PVE). The
small size of brain structures limits an accu-
rate estimate of the tracer concentration. PET
and especially SPECT cameras have relatively
limited spatial resolution. Therefore, increased
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tracer concentrations in small areas of the brain
can get diluted and spill out into the surrounding
brain tissue, while increased metabolic activity in
the surrounding tissues can spill in into the region
of interest. Both phenomena lead to a 3D degrad-
ing of the final image, and region(s) of interest
can therefore appear to have reduced intensity
values and appear larger, which is called partial
volume effect. The spatial resolution of today’s
PET scanners is about 2-3 mm, which approxi-
mates the thickness of the cortical grey matter.
Voxel-based image sampling also contributes to
the PVE, since the contour of the voxel does not
exactly match the contour of the tracer distribu-
tion in the brain region of interest, as does patient
motion which can be substantial in dementia
patients. Cerebral atrophy in dementia further
contributes to atrophy-related PVE, as the size
of metabolically inactive CSF spaces increases
with tissue loss. PVE is a major source of bias in
PET and SPECT scans, and different methods of
partial volume correction have been developed
in an effort to resolve this problem [100]. PET/
MRI scanners may provide a more accurate par-
tial volume and motion correction than PET/CT
scanners [98].

Some procedural issues are also worth consid-
ering. Patients should fast for at least 4 h before
an FDG-PET scan for neurodegenerative disor-
ders. FDG uptake in the brain is reduced in the
presence of hyperglycemia as FDG competes
with plasma glucose for intracellular transport,
so finger-stick glucose should be checked prior
to administration of FDG, and a fasting glucose
of less than 150 mg/dL is desirable. This is espe-
cially important in patients with dementia, as even
mild hyperglycemia can result in an Alzheimer’s
disease-like pattern leading to an increase in the
false positive rate [101, 102]. Use of 5% dextrose
should be avoided before and during the scan
when the patient is receiving intravenous fluids
[103]. The patient should be placed in a low stim-
ulation environment with low lighting and mini-
mal ambient noise. The 2009 Society for Nuclear
Medicine Procedure guidelines recommend that
the eyes can remain open or closed, as long as
either practice is consistent across successive
scans for the purpose of comparison. However,
in patients with neurodegenerative dementias,
an eyes-open study is highly recommended,
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with the patient staying awake and looking
straight ahead following tracer administration
and not into the lights. They should be closely
monitored in this period to make sure that their
eyes do not close and they stay awake (also see
ADNI protocol at http://adni.loni.usc.edu/wp-
content/uploads/2010/09/PET-Tech_Procedures_
Manual_v9.5.pdf). The referring provider should
always note whether it was an eyes-open study
or not, and the report should ideally mention this
fact to alert the referring clinician, who may oth-
erwise make a false positive diagnosis of DLB
[104]. In agitated patients, the use of a short act-
ing intravenous benzodiazepine is permitted to
obtain the scan, but this should be administered
at least 20 min after tracer injection, and the dose
should be adjusted for geriatric patients [86].

Similar to MRI scans, FDG-PET and SPECT
scans can be analyzed visually or quantitatively.
Visual analysis of FDG-PET scans is tradition-
ally done by viewing a series of axial fused CT/
PET images. Modern 3D PET/CT scanners can
generate over 100 axial slices, which can be chal-
lenging to review visually. Nevertheless, visual
analysis should always be the first step, pref-
erably using the inverse linear grey scale, the
diagnostic accuracy of which is acceptably high
[104]. The relative metabolic activity varies for
different brain regions, and visual interpretation
should take this into account, along with the true
reduction in metabolism seen in normal aging
as well as the apparent reduction resulting from
atrophy of the underlying brain structures, as
already discussed. Seven patterns of FDG uptake
(FDG-7) have been identified in dementia brain
scans on visual analysis, of which four are pro-
gressive and three are nonprogressive [105]. In
the clinic, a simpler binary classification scheme
(FDG-2) can improve the inter-rater agreement
substantially [106].

Quantitative analysis should ideally follow
visual analysis of PET and SPECT scans, which
increases the diagnostic accuracy [107, 108].
Earlier quantitative analyses involved tracing
an anatomical region or volume of interest (ROI
or VOI). This requires manual tracing of the
region(s) of interest based on a priori hypothe-
ses about the topography of the deficit, which is
time consuming (large number of ROIs needed to
cover the entire brain volume) and results in poor
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spatial resolution [109]. Relatively newer voxel-
based techniques have the advantage of being
more data driven and sample the entire brain
quickly and effectively at a much higher spatial
resolution. The fully automated techniques of
voxel-by-voxel analyses most commonly used
are the 3D-stereotactic surface projection (3D
SSP) metabolic and statistical (z-score) map-
ping [110] which is part of the NEUROSTAT
software library for biomedical image analysis,
and statistical parametric mapping [111] which
is available as part of the SPM software pack-
age. Both are available as free downloads and
have been widely used in research, and both
require a significant degree of neuroanatomical
expertise to interpret the final output. The stan-
dardized ROI (SROI) approach blends elements
from the ROI and voxel-based approaches. Both
the voxel-based and SROI approaches require
transformation of individual brain scans to a stan-
dard template space, but in the SROI approach,
ROISs are predefined in the template space which
can then be applied to the patient’s transformed
brain, thereby covering the entire brain in a mat-
ter of seconds which makes this approach easier
to interpret, especially for those with limited
knowledge of neuroanatomy [104]. NeuroQ™
was the first software for quantification of FDG-
PET scans approved by the FDA in 2004, and it
is based on the SROI approach.

One final issue that deserves mention is that
of intensity normalization, which involves scal-
ing of tracer uptake to a reference brain region
or regions defined a priori based on theoretical
considerations, in order to remove inter-individ-
ual differences. Intensity normalization in PET
and SPECT scans, hereafter simply referred to
as normalization, should not be confused with
spatial normalization that is used in neuroimag-
ing to fit the native subject scan to a standard
atlas or template, as discussed above. The refer-
ence region selected for normalization must be
relatively spared by the disease under study, must
be reliable and easy to localize, and must have
stable metabolism in healthy individuals, as well
as in those with the disease in question [112].
It should also maximize the contrast in glucose
metabolism between patients and healthy con-
trols, and between patients with different neu-
rocognitive disorders [113]. Several reference
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areas have been used for normalization in FDG-
PET scans in persons with dementia, including
the sensorimotor strip, cerebellar cortex, pons,
the basal ganglia, thalamus, visual cortex, and
the cerebral metabolic rate for glucose. There
is no perfect reference region for normalization,
since most of these regions are affected to some
extent in neurodegenerative disorders, especially
in advanced AD dementia, which can lead to a
substantial overcorrection error. Normalization
to the sensorimotor cortex may provide the best
discrimination in patients with AD [112], but
the sensorimotor cortex has a variable structure
[114] and needs to be used with caution as a
reference region when tracer uptake in the sen-
sorimotor cortex is anticipated to be less than
robust, such as due to frequently co-occurring
cerebrovascular disease in AD patients. Using
the cerebellum as the reference area for normal-
ization has been shown to effectively discrimi-
nate between controls and dementia patients and
may be advantageous when there is a question
about the diagnosis of dementia [113]. It may be
particularly useful in reducing the false positive
rate of AD in the presence of mild hyperglyce-
mia [101]. However, while cerebellar and brain
stem metabolism increases with age in absolute
terms [115], primary involvement of the cerebel-
lum in AD has been reported in some [116], but
not all [117, 118] studies. Furthermore, crossed
cerebellar diaschisis has been shown in AD
[118], where diaschisis is defined as functional
impairment in a functionally related region due to
a permanent injury in an anatomically remote site
[119]. In one study, crossed cerebellar diaschisis
was present in about a quarter of AD patients,
most of whom had severe dementia [118]. The
choice of cerebellum as a reference region for
intensity normalization should also be avoided
in patients with known or expected cerebellar
disease; in neurocognitive disorder patients, this
may include patients with a history of alcohol-
ism [120], multisystem atrophy [121], or patients
with the C9ORF72 mutation which can involve
the cerebellum [122]. Normalization to the pons
can be problematic as its relatively small size
increases the risk of PVE [113]. Normalization to
the cerebral metabolic rate for glucose (CMRglu)
can be very useful when differentiating AD
dementia from FTD [113], which is also the only
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CMS-approved indication for the clinical use of
FDG-PET scan in dementia. In practice, more
than one reference area can be used sequentially,
based on the clinical indication for the scan.
Functional MRI (fMRI) is a relatively new
method for studying neural activity that has had
tremendous impact, and the use of blood oxy-
gen level dependent (BOLD) fMRI in research
has increased exponentially since it was first
described [123, 124]. Readers who want to learn
more about fMRI history and applications are
referred to the 2012 special issue of the journal
Neurolmage, entitled “Twenty years of func-
tional MRI: The science and the stories.” The
use of fMRI in clinical practice is still limited
only to neurosurgery for presurgical mapping of
patients with brain tumors and epilepsy, where
it is usually used in conjunction with co-regis-
tered DTI tractography and 3D high-resolution
T1-weighted volumetric sequences [125]. Three
CPT codes related to the use of fMRI for this
clinical indication went into effect in 2007 [126],
due in part to the stellar efforts by the American
Psychological Association [127]. There is no
clinical indication yet for ordering an fMRI study
in the psychiatric clinic. However, resting state
fMRI studies have contributed enormously by
enhancing our understanding of the functional
connectivity networks in the brain which have
been the subject of much recent research in psy-
chiatry and neurology, and therefore a nodding
acquaintance with this topic is desirable. The
BOLD signal is dependent on regional neuro-
vascular coupling and is a surrogate marker for
regional neural activity (see [128] for an excel-
lent review). Oxyhemoglobin is diamagnetic but
deoxyhemoglobin contains unpaired electrons,
which makes it strongly paramagnetic relative to
perivascular tissue and leads to perivascular mag-
netic field perturbations. Neural activity leads to
a transient increase in regional blood flow which
increases the local oxy/deoxyhemoglobin ratio.
The local change in MR signal intensity due to
transient changes in oxygen saturation is the
basis of the BOLD signal, which can be detected
by a fast T2*-weighted GRE sequence [46]. It
may be obvious to the discerning reader by now
that no special MRI scanner is necessary for rou-
tine fMRI studies. However, since the intensity
of the BOLD signal increases with the strength
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of the magnetic field, the introduction of the 3T
scanner into clinical practice has been a boon for
fMRI studies, and magnetic field strengths of 7T
and above are often used in research.

While pre-surgical mapping in neurosurgery is
an example of task-evoked fMRI that is used to
link structure with function during baseline and
activation conditions, the remainder of this sec-
tion will focus on the resting state fMRI. Resting
state activity is measured by asking subjects
to lie quietly in the scanner but not fall asleep.
Acquisition of the T2*-weighted BOLD signal
occurs within a matter of minutes. In this rest-
ing state, the BOLD signal can identify low
frequency neuronal oscillations (<0.1 Hz) in
regional brain activity [129]. These spontaneous
fluctuations in the resting state signal correlate
temporally and in magnitude (coherence) and
are used to map specific resting state networks
(RSN), the individual elements of which may or
may not be contiguous.

A number of RSN have been defined, including
the default mode network (DMN), salience net-
work, and cognitive control network, which are
remarkably consistent across subjects and time
[130, 131]; of these, the DMN deserves special
mention. It was shown as far back as 2001 that, in
the resting state, “a default state of brain activity
exists” in a network that includes several brain
structures, including the medial prefrontal cor-
tex anteriorly, and the precuneus and the poste-
rior cingulate posteriorly [132]. This has become
known as the DMN. The DMN is believed to
support self-referential thinking. External tasks
attenuate but do not abolish DMN activity, and
simultaneously activate the task-positive net-
work, which has strong anticorrelation with the
DMN [133]. The DMN has been studied the most
among all the RSN, both in health and in disease.

Developmentally, the RSN appear to emerge
as early as the last trimester of gestation [134],
and core patterns become well established by age
12. However, the networks continue to mature
well into young adulthood, resulting in increased
efficiency [135]. RSN have been studied in major
psychiatric disorders, including schizophrenia
[136], depression [137], ADHD [138], and neu-
rocognitive disorders [139], but further stan-
dardization is necessary for routine clinical use.
fMRI may eventually become clinically useful in
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neuropsychiatry as part of a multimodal imaging
strategy that simultaneously looks at the tem-
poral and spatial relationships between several
pathologic variables and includes some combi-
nation of task-evoked fMRI, resting state fMRI,
structural MRI, FDG-PET, amyloid PET, and
DTI tractography [30]. Multimodal imaging that
also includes electroencephalography and mag-
netoencephalography is the basis for the Human
Connectome Project [29].

Molecular Imaging

When SPECT or PET technology is used to
image molecular pathology, it is called molecular
imaging. Radiopharmaceuticals are now avail-
able that allow elucidation of pathology at the
molecular level, such as receptors and proteins.
As already mentioned, imaging the dopamine
transporter using SPECT is now approved in the
United States for differentiating neurodegenera-
tive causes of parkinsonism (with or without cog-
nitive impairment) from other disorders causing
tremors, and will be discussed in this section.
123I-metaiodobenzylguanidine (MIBG) myo-
cardial scintigraphy also has practical clinical
applications in diagnosing some movement and
neurocognitive disorders, and will be discussed
in some detail. It is approved for clinical use in
some countries but not in the United States as
yet. PET ligands that bind to insoluble, fibrillary
amyloid arranged in a beta-pleated sheet confor-
mation (as seen in AP plaques) have been com-
mercially available for clinical use since 2012,
but amyloid PET is also not reimbursed by CMS
at this time and, therefore, not yet used in rou-
tine clinical practice. However, the decision not
to reimburse for amyloid PET may change in the
not-too-distant future, so amyloid PET will be
also discussed here, albeit briefly. On the other
hand, PET imaging in the movement disorders,
such as imaging the dopamine terminals using
E-DOPA to diagnose idiopathic Parkinson’s
disease (iPD) [140], is still a research tool and
will not be discussed further.

The dopamine transporter, located in the presyn-
aptic nigrostriatal nerve terminals, is responsible
for the reuptake of dopamine from the synap-
tic cleft [141]. The quest for the ideal dopamine
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transporter-selective  radiopharmaceutical  cul-
minated in the development of '*I-ioflupane
("Plodine-fluoropropyl (FP)-carbomethoxy-3 (-4-
iodophenyltropane) or 'PI-FP-CIT (DaTSCANTM),
and 'PI-B-CIT (DOPASCANTM), These target the
presynaptic dopamine transporter and thereby detect
loss of functional dopaminergic neuron terminals
in the striatum, which is useful for differentiating
the neurodegenerative parkinsonian syndromes
in vivo from healthy individuals, as well as from
nondegenerative causes of parkinsonism (vascu-
lar parkinsonism, drug-induced parkinsonism, and
psychogenic parkinsonism) and essential tremor.
While both the 'I-FP-CIT and the '*I-B-CIT scans
are commercially available in Europe, only '**I-FP-
CIT SPECT was approved by the FDA in the United
States under the trade name DaTSCAN™ in 2011,
a decade after it was approved for this purpose in
Europe [142], and only for a single clinical indica-
tion which is to “help differentiate essential tremor
from tremor due to parkinsonian syndromes (idio-
pathic Parkinson’s disease, multiple system atrophy
and progressive supranuclear palsy).”

The 'I-FP-CIT tracer is taken up symmetri-
cally by the caudate and lentiform nuclei to cre-
ate the “double comma” sign, which indicates a
normal scan. A forward tilt of the head can inad-
vertently separate the caudate from the putamen,
leading to an artefactual “semi-colon sign,” which
can result in a false positive interpretation [143].
Abnormal 'ZI-FP-CIT scans can be rated visually
using a simple numerical 3-point scale [142]. A
5-point visual scale has also been proposed, in
which grade 1 is a “burst striatum” pattern which
involves increased background tracer uptake with
markedly reduced or no uptake in the basal gan-
glia bilaterally, and grade 5 is a normal scan [144,
145]. Visual interpretation is heavily dependent
on rater experience, but inter-rater reliability
between experienced and inexperienced raters
has been shown to be good and compares favor-
ably with semiquantitative assessment [146].
Visual analysis is particularly useful in identify-
ing right-left asymmetry across the midline as
well as differences in tracer uptake between the
striatal subregions [147]. Semiquantitative meth-
ods compare specific tracer binding in the stria-
tum to nonspecific binding in reference regions
with minimal or absent dopamine transporter
density, usually the occipital cortex [141, 148].
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This is used to generate the specific binding ratio
(SBR), defined as the ratio of specific to nonspe-
cific uptake [149]. Semiquantitative analysis is
recommended by the EANM for supplementing
visual analysis [141], but semiquantitative and
subregional analyses are not yet FDA-approved
[142]. Fully automated semiquantitative analysis
can also be done using proprietary software, such
as DaTQUANT™ (GE Healthcare), which uses
an automated VOI approach to calculate SBR,
putamen/caudate and left-to-right asymmetry
ratios, and also removes head-tilt artifacts. As
stated previously, the author does not endorse this
or any other software for this purpose.

Age-related decline in dopamine transporter
density, which occurs at the rate of approximately
6% per decade, can confound interpretation.
Age-related decline involves both the caudate
and putamen equally and is relatively symmetric
[150]. Automated analysis software adjusts for
age and gender by comparing patient data with
the binding values in gender and age-matched
healthy controls. For example, DaTQUANT™
compares specific binding ratios against the nor-
mative database from the Parkinson’s Progression
Markers Initiative (http://www.ppmi-info.org/)
[151]. A large European multicenter normative
database of 'I-FP-CIT scans in healthy controls
has also been created for semiquantitative analy-
sis [152].

Studies have reported about a 95% sensitivity
and specificity for the 'I-FP-CIT scan for the
diagnosis of iPD [142]. Real-world experience is
more variable, but a positive scan in the clinic set-
ting does make it highly likely that the physician
will initiate or maintain the patient on antiparkin-
sonian medications [153]. The '»I-FP-CIT scan
does not image a-synuclein deposition directly
(more on PET imaging of a-synuclein later),
but rather detects brain dopamine depletion due
to downstream damage to the nigrostriatal neu-
rons. Therefore, it does not reliably discriminate
among all the various parkinsonian disorders in
which there is degeneration of dopaminergic stri-
atonigral neurons, including iPD with or without
cognitive impairment, DLB, and the atypical par-
kinsonian syndromes (APS) [142]. However, if
performed within 5 years of symptom onset, the
“burst striatum” pattern on visual analysis on the
12[-FP-CIT scan has been found to be predictive
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of APS (multi-system atrophy, progressive supra-
nuclear palsy, and corticobasal degeneration)
[144] with a specificity of 90-93% across two
studies [144, 145]. Note that histopathological
confirmation of the diagnoses was not obtained
in these studies, and clinical consensus criteria
were considered to be the gold standard. Also,
the sensitivity was only about 30-60% across the
two studies, which implies that this pattern is not
seen in all APS cases but is a valuable diagnostic
finding in the clinic when present.

The '2I-FP-CIT scan also does not reliably
differentiate among the nondegenerative causes
of parkinsonism [142]. Its value in ruling out
vascular parkinsonism (VP) is limited to cases
where the '»I-FP-CIT scan is normal, as there
is considerable overlap in tracer uptake patterns
between VP and iPD [154]. Psychiatric providers
should note that the '*I-FP-CIT scan is normal
in drug-induced parkinsonism (DIP) due to dopa-
mine receptor antagonists, and it can be espe-
cially helpful in making an accurate diagnosis
when the DIP either unmasks iPD or antedates
iPD [155]. Also, the scan is normal in psycho-
genic parkinsonism, so a positive scan can help
rule in neurodegenerative causes of parkinsonism
in questionable psychogenic parkinsonism cases
[155].

Low dopamine transporter uptake by SPECT
(or PET) imaging is listed as a suggestive feature
in the 2005 revised diagnostic criteria for DLB
[156]. Making an accurate diagnosis of DLB is
important in the clinic because of the low sen-
sitivity of its diagnostic criteria [156]. This was
amply demonstrated in a large autopsy-based
study using data from the National Alzheimer’s
Coordinating Center (NACC) that compared the
final clinical diagnosis with the neuropathologi-
cal diagnosis and found that the sensitivity of
a clinical diagnosis of DLB was only 32% for
pure DLB, although the specificity was over
95% [157]. AD often coexists with DLB, and
this study found that the sensitivity of a clini-
cal diagnosis of AD with DLB was even lower
at only 12%. Structural neuroimaging does not
help differentiate DLB from other neurodegen-
erative dementias because structural imaging is
usually unremarkable in pure DLB and therefore
not indicated in clinical practice. There is usu-
ally relative preservation of medial temporal lobe
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structures in DLB compared to AD dementia of
comparable severity, which is listed as a sup-
portive feature in the 2005 diagnostic guidelines
for DLB [80, 156]. Occipital atrophy is also not
typically seen [80]. A small 2007 study (N = 20)
that used neuropathological criteria as the gold
standard for diagnosing DLB found that the sen-
sitivity and specificity of the 'I-FP-CIT scan
in the diagnosis of DLB were 88% and 100%
respectively, a substantial improvement over the
initial clinical diagnosis which had a sensitivity
and specificity of only 75% and 42% respec-
tively [158]. Ten years later, the same group
reported the largest study (N = 55) of the use-
fulness of '2I-FP-CIT scan in the diagnosis of
DLB using autopsy confirmation [159]. Subjects
were recruited from a tertiary care center and the
study found that the '>I-FP-CIT scan had a sen-
sitivity of 80% and specificity of 92% compared
with the clinical diagnosis, which had sensitivity
of 87% and specificity of 72%. The study also
found a normal scan in 10% of patients with
autopsy-confirmed DLB due to minimal brain-
stem involvement. A positive '*I-FP-CIT scan
increases the diagnostic confidence of clini-
cians when there is a clinical diagnosis of pos-
sible DLB [160]. In a large recent clinical study
which used the clinical evolution of symptoms
over 6 months as the gold standard for diagnos-
ing DLB rather than neuropathological criteria,
the presence of a positive '*I-FP-CIT scan and
parkinsonism and absence of medial temporal
atrophy at baseline best identified patients who
went on to develop DLB [161]. It is best used in
the memory clinic to differentiate DLB from AD
dementia, and the European Medicine Agency
has already approved the '>I-FP-CIT scan to dif-
ferentiate probable DLB from AD dementia, but
this is not yet an FDA-approved indication in the
United States. The scan does not perform so well
when used to differentiate DLB from non-AD
neurodegenerative dementias, such as FTD [162]
or PD dementia [163], and should not be used for
this purpose.

Last but not least, the effects of concurrent
medications on the '»I-FP-CIT scan are still being
clarified. The package insert from GE Healthcare
has the following warning—*“Drugs that bind
to the dopamine transporter with high affinity
may interfere with the image obtained following

V.M. Aga

DaTscan administration.” Many of these drugs
are commonly used psychotropic medications.
Practical recommendations are available about
when to stop drugs that reduce '*I-FP-CIT uptake
by 20% or more [154]. Many patients are already
on levodopa or a dopamine agonist at the time of
the scan. Fortunately, dopaminergic therapies do
not appear to interfere with the scan and, there-
fore, do not need to be discontinued prior to the
scan [154]. Of note, selegiline (but not rasagiline)
is listed in the prescribing information from GE
Healthcare as a drug that may potentially inter-
fere with the scan, but it is not included in the
aforementioned list of drugs that reduce '*’I-FP-
CIT uptake by 20% or more [154].

MIBG scintiscans are approved in the USA
for the detection and localization of neuro-
endocrine tumors of neuro-ectodermal origin
(neuroblastoma, primary or metastatic pheo-
chromocytoma), and MIBG myocardial scintig-
raphy was approved in 2013 in the USA under
the trade name AdreView™ (GE Healthcare) for
the evaluation of patients with NYHA class 2-3
heart failure with a left ventricular ejection frac-
tion <35%. MIBG myocardial scintigraphy for
detection of the Lewy body disorders was devel-
oped in Japan. In the Lewy body disorders (iPD
with or without dementia, DLB), the autonomic
nervous system, including the sympathetic nerve
fibers in the cardiac plexus, becomes pathologi-
cally involved, which is not the case in essential
tremor, APS, or other neurodegenerative demen-
tias [164]. MIBG itself is an inactive physiologic
analogue of norepinephrine and competes with it
for uptake by the norepinephrine transporter in
functionally intact postganglionic sympathetic
nerve terminals, where it is then stored in ves-
icles. Unlike norepinephrine, it is not metabo-
lized and accumulates in intact synaptic vesicles
which allows imaging. The MIBG myocardial
scan therefore tests for the functional integrity of
the cardiac postganglionic sympathetic innerva-
tion [165]. Reduction in cardiac MIBG uptake in
the Lewy body disorders has been conclusively
shown to correlate with loss of sympathetic
cardiac axons in an autopsy-based study [166].
MIBG can be tagged with radioactive iodine,
either '2I or BT, '] is preferred due to its bet-
ter dosimetry, improved image quality leading
to better anatomical localization on SPECT/
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CT systems, and lower radiation burden which
allows a higher dose to be injected [167]. While
13T has a physical half-life of only 13.13 h, 3'I
has a physical half-life of 8.04 days, so the latter
is more suitable if delayed scans are necessary
[167]. Myocardial MIBG uptake can be mea-
sured by anterior planar scintigraphic images of
the chest (acquisition time of about 5 min) or by
SPECT generated 3D images (acquisition time of
over 20 min). Even the slightest patient motion
can degrade the SPECT images. For standard
clinical use, use of planar scintigraphic images
may be adequate [167]. Images can be taken early
(usually 30 min post-injection of '*I-MIBG) or
late (usually 4 h post-injection).

MIBG scintiscans can differentiate between
the Lewy body disorders and APS with high
sensitivity and specificity. A 2012 meta-anal-
ysis of 13 studies found that the pooled sensi-
tivity and specificity to differentiate iPD from
APS were 82.6% and 89.2% respectively by
the early heart-to-mediastinum (H/M) ratio, and
89.7% and 82.6%, respectively, by the delayed
H/M ratio [168]. Among the three disorders
commonly included in the APS, multisystem
atrophy (MSA) is somewhat unique. Both pro-
gressive supranuclear palsy (PSP) and cortico-
basal degeneration (CBD) are tauopathies. On
the other hand, MSA is an a-synucleinopathy,
similar to iPD and DLB, but it is not a Lewy
body disease; in MSA, misfolded «-synuclein
inclusions (Papp—Lantos bodies) are found in the
cytoplasm of oligodendrocytes which makes it an
oligodendrocyte a-synucleinopathy, while Lewy
bodies are neuronal aggregates of a-synuclein
[169]. Furthermore, unlike iPD and DLB, MSA
involves the central and preganglionic neurons,
while the postganglionic sympathetic neurons
are usually spared [170]. The same meta-analysis
found that the pooled sensitivity and specificity
for differentiating iPD from MSA were 90.2%
and 81.9% respectively from 10 studies [168].

Low uptake on MIBG myocardial scintigra-
phy is listed as a supportive feature in the 2005
revised diagnostic criteria for DLB [156]. Visual
analysis of the scan is possible by experienced
readers and its accuracy in differentiating DLB
from AD is comparable to a quantitative analy-
sis using either the early [171] or delayed heart-
to-mediastinum (H/M) ratio [172]. Both H/M
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ratios have been shown to be equally useful for
diagnosing DLB using a cut-off of 2.1-2.2 [171,
172], since autopsy data shows that even in the
early phase, cardiac MIBG uptake is already
reduced by almost 91% in the Lewy body dis-
orders [166]. Visual interpretation and use of
the early H/M ratio will likely be more useful in
clinical practice as it can greatly reduce the scan
time, thus increasing the number of patients that
can be scanned in a day.

In 2012, Japanese health authorities approved
MIBG myocardial scintigraphy as a diagnostic
aid for the Lewy body disorders, and their national
health insurance agreed to cover it. Its approval
for these indications has lagged in the United
States, as there are still concerns about how the
test performs in real-world situations. At the
2015 International Dementia with Lewy Bodies
Conference held at Ft Lauderdale in Florida, a
strong case was made for the approval of MIBG
myocardial scintigraphy for the diagnosis of
DLB. False positive results are the major real-
world concern, as myocardial '>I-MIBG uptake
declines with age, while the presence of inciden-
tal Lewy bodies in neurologically normal indi-
viduals increases with age [173]. Moreover, strict
exclusion criteria have been used in most studies.
In a 2015 multicenter Japanese study, a very large
number of patients were excluded, including
patients with medical disorders and those receiv-
ing pharmacological treatments [172]. This obvi-
ously greatly limits the generalizability of the
scan to real-world clinical situations. In order to
overcome this criticism, use of MIBG myocardial
scintigraphy to diagnose DLB in real-world clinic
situations was evaluated in a small European
study [174]. Patients with comorbid medical ill-
nesses and those receiving pharmacological treat-
ments were included. The mean follow-up period
was 17 £ 14 months (range 657 months) and the
final clinical (not histopathological) diagnosis
was used as the gold standard; autopsy confir-
mation of neuropathology was available for only
one patient. Using the delayed H/M ratio cut-off
of 1.68, 95% of the 20 patients with clinically
ambiguous diagnoses (DLB versus AD) were
correctly classified, with sensitivity and specific-
ity values of 100% and 75% respectively. Only
gender and age were found to be confounders in
this study—MIBG uptake declined with increas-
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ing age and was lower in men. However, the sam-
ple size was small (N = 20), and demonstration
of higher specificity in larger clinical replications
may be necessary before approval for clinical use
is granted in the United States.

To summarize, neither the '>I-FP-CIT scan
nor the MIBG scintiscan can directly image
a-synuclein in vivo, and both have somewhat
overlapping but still relatively distinct indica-
tions. The '2I-FP-CIT scan is used to image
striatal dopamine depletion due to degeneration
of the nigrostriatal neurons, and therefore does
not distinguish between the neurodegenerative
causes of parkinsonism, with or without cogni-
tive impairment, unless brain stem involvement
is minimal as can happen in some cases of DLB
where one can find a false-negative scan. It dif-
ferentiates between the neurodegenerative and
non-neurodegenerative causes of parkinson-
ism with some exceptions, as previously noted.
MIBG scintiscan, on the other hand, detects
cardiac norepinephrine depletion due to Lewy
body involvement of the postganglionic sym-
pathetic innervation, and therefore differenti-
ates the Lewy body disorders from non-Lewy
body disorders that result in parkinsonism and/
or cognitive impairment. Combinations of imag-
ing modalities may be more advantageous than
any one individually. Given that MSA, PSP, and
CBD (but not iPD) have signature findings on
structural imaging, the combination of a brain
MRI scan and an '2I-FP-CIT scan may be the
best way to work up APS patients in the clinic
[175]. Similarly, the combination of '**I-FP-CIT
scan and MIBG SPECT may more accurately
differentiate between DLB and AD patients, vis-
a-vis either modality alone [176]. However, in
clinical practice, it is hard to justify doing two
scans for one indication. Comparing these imag-
ing modalities across studies is problematic due
to differences in technique, but a recent small
study that directly compared both these imaging
modalities found that the '>I-FP-CIT scan had
an advantage over delayed MIBG SPECT in dif-
ferentiating DLB from AD patients (area under
curve was 0.969 for '>I-FP-CIT scan and 0.787
for MIBG SPECT) [177]. Autopsy confirmation
of the diagnoses was not available in this study,
and larger studies with autopsy confirmation are
needed to resolve this issue.
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Amyloid PET is the final molecular imaging
modality covered in this chapter. It is not yet
approved for reimbursement for routine clini-
cal use by CMS, although that may change, as
noted above. Regardless, research on the use of
amyloid PET imaging has exploded in the last
several years, and patients who have had amyloid
PET scans done in research settings are already
appearing in clinical practices nationwide.
Therefore, clinicians must have some working
knowledge of amyloid PET imaging.

The revised model of AD dynamic biomarkers
postulates that amyloid PET positivity precedes
brain atrophy as detected by a structural MRI, and
hypometabolism as detected by FDG-PET; these,
in turn, precede clinical symptoms and func-
tional decline in AD [178]. A positive amyloid
PET scan is one of the biomarkers included in
the 2007 IWG [27] and 2011 NIA-AA diagnostic
criteria for AD [28]. In order to better understand
amyloid PET, a brief discussion of AD neuropa-
thology is in order. Amyloid precursor protein
(APP) is a transmembrane glycoprotein which
is cleaved by p- and y-secretases to generate the
amyloid-beta (AP) peptide with 36-43 amino
acid residues. There is also a parallel non-amy-
loidogenic pathway of APP cleavage mediated
by a-secretase which does not result in AD. Of
the AP peptides, the most common isoforms are
APi_4 and AP, 4. The former is more abundant
but the latter is more pathogenic, as it self-aggre-
gates more readily, forming dimers, oligomers
(both soluble and dispersible), and eventually
senile plaques composed of insoluble amyloid
fibrils arranged in p-pleated sheets which result
in neuronal injury [179, 180]. Senile plaques can
be further categorized into diffuse and dense-
core plaques, based on their staining with histo-
logic stains, such as Thioflavin-S and Congo Red
[181]. Diffuse plaques are Thioflavin-S nega-
tive and are commonly found in the brains of
older individuals. Dense-core plaques contain a
dense core of Ap,.4, and become associated with
microglia and dystrophic neuronal processes
called dystrophic neurites, and these plaques
are then known as neuritic plaques [181, 182].
Currently available amyloid tracers bind weakly
to diffuse plaques but have a high affinity for
neuritic plaques, which are thought to be char-
acteristic of AD pathology [183]. However, even
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the association between neuritic plaques and AD
becomes weaker with increasing age, and begins
to approximate the association of diffuse plaques
with AD by age 95 [184]. It is important to note
that the current amyloid tracers can only image
fibrillary amyloid burden in the brain, which by
itself is not diagnostic of AD. A positive amy-
loid PET scan cannot conclusively rule in AD
and has to be interpreted with reference to the
patient’s clinical history, age, and Apo E &4 sta-
tus. A recent meta-analysis found that amyloid
positivity decreased with age in those clinically
diagnosed with AD, especially in Apo E &4 non-
carriers, while in Apo E €4 carriers, the preva-
lence of amyloid positivity remained around
90% regardless of age [185]. Histopathological
confirmation of AD diagnosis was not available
in this meta-analysis. Regardless, the meta-anal-
ysis does suggest that the single clinical indica-
tion for Apo E genotyping in an older individual
with a clinical diagnosis of AD dementia may
therefore be for the purpose of accurately inter-
preting an amyloid PET scan. AD cannot be con-
clusively ruled out from a negative amyloid PET
scan either. In a recent study where subjects were
recruited from four research centers, the rate of
amyloid-negative AD ranged from 9% to 21%,
the majority of whom had a normal CSF Af,,
level but half had elevated CSF tau and phospho-
tau levels, indicating the presence of neurodegen-
eration with or without neurofibrillary tangles;
note again that the final diagnosis was based on
clinical follow-up, and autopsy confirmation was
only obtained in three cases in this study [186].
Amyloid tracers have a fascinating history.
They were developed from histological dyes that
were modified to develop ligands that not only
bind with high affinity to the P-pleated sheet
configuration of amyloid plaques, but also eas-
ily cross the blood-brain barrier to enter the
brain, thereby allowing PET imaging in vivo.
After over a decade of work and experimenta-
tion with over 300 compounds, the problem of
poor brain entry was finally resolved with the
creation of the ''C-labeled compound called
BTA-1 by Drs. William Klunk and Chester
Mathis. Since they were both working at the
University of Pittsburgh, BTA-1 became known
as Pittsburgh Compound A (PiA) during the pre-
liminary meetings between Klunk, Mathis and
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the PET researchers from Uppsala University
where the clinical trials were conducted [187].
However, before human trials could be started,
it was decided to replace PiA with another com-
pound, '"C-6-OH-arylbenzothiazole, due to the
latter’s superior clearance from the brain, and
this subsequently came to be known as Pittsburgh
Compound B (PiB). PiB is a charge-neutral
benzothiazole analogue of the histologic dye
Thioflavin-T. The first human study using PiB
(16 patients with mild AD and 9 controls) was
published in 2004 [188], and it has since been
extensively used in research all over the world.
However, it was unsuitable for clinical practice
due to the short half-life of 'C of only 20 min,
which would require an on-site cyclotron [189].
This problem was resolved with the creation of
a number of '$F-labeled ligands based on the
parent PiB compound, which are commercially
viable due to the longer 110-minute half-life of
8F, The first study using an '8F-labeled amy-
loid tracer was published in 2008 [190]. As of
August 2016, three tracers had been approved by
the FDA for amyloid PET imaging in the USA—
BF-Florbetapir (AMYViD; Avid) in 2012,
BF-Flutemetamol (Vizamyl; GE Healthcare) in
2013, and '8F-Florbetaben (Neuraceq; Piramal)
in 2014. While ""C-PiB binds to the grey mat-
ter with a high degree of specificity, '*F-labeled
amyloid tracers have a relatively higher degree
of off-target white matter uptake approximating
or even exceeding uptake by the cortical grey rib-
bon, although tracer uptake and retention by grey
versus white matter varies somewhat between the
commercially available tracers. Blurring of the
normal grey matter-white matter demarcation in
amyloid PET scans using one of these '*F-labeled
tracers indicates a positive amyloid PET scan
[182, 191].

In order to provide guidance for the appro-
priate use of amyloid PET in clinical practice,
the Alzheimer’s Association and the Society of
Nuclear Medicine and Molecular Imaging con-
vened the Amyloid Imaging Taskforce (AIT)
which published appropriate use criteria (AUC)
in 2013 [189]. The group noted 97-100% classifi-
cation concordance between the *F-radioligands
vis-a-vis !'C-labeled PiB. The AUC include
three clinical scenarios where use of amyloid
PET is appropriate: patients with persistent or
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progressive unexplained MCI, patients who
satisfy the core clinical criteria for AD but
have an atypical clinical course or etiologically
mixed presentation, and patients with atypically
young-onset dementia. The AIT also listed seven
situations where the use of amyloid PET is inap-
propriate. It was proposed that all scans be “per-
formed under the supervision of and interpreted
by a physician certified in nuclear medicine or
nuclear radiology” and that such physicians have
“must have adequate specific training in amy-
loid PET interpretation.” The scan should be
appropriately used “only by a dementia expert
as a single piece of information to support or
oppose a clinical diagnosis of Alzheimer disease
dementia or pre-dementia in a patient in whom
cognitive impairment has been objectively veri-
fied, in whom there is substantial uncertainty
as to the underlying pathology, and for whom
greater diagnostic certainty would change man-
agement” [192]. In a companion article, the cre-
dentials of the dementia expert were clarified
as a physician who self-identifies training and
board-certification “in neurology, psychiatry
(italics mine), or geriatric medicine who devotes
a substantial proportion (>=25%) of patient con-
tact time to the evaluation and care of adults
with acquired cognitive impairment or demen-
tia” [192]. The first practice guideline for amy-
loid PET imaging of the brain was released by
the Society of Nuclear Medicine and Molecular
Imaging in August 2016 [191]. Visual inter-
pretation of the scans is recommended by the
guideline, but it is also noted that semiquantita-
tive techniques “may be helpful.” The cerebellar
grey matter is typically used as a reference region
for visual and semiquantitative interpretation of
amyloid PET scans, except in very advanced AD
patients and patients with familial AD where cer-
ebellar plaques may be present; in such cases, the
pons can be used as an alternate reference region
[182, 191]. The pros and cons of using these ref-
erence regions have been discussed previously in
the section on FDG-PET.

The 2013 CMS NCD on amyloid PET imag-
ing in dementia and neurodegenerative disease
concluded that “...evidence is insufficient to
conclude that the use of PET amyloid-beta imag-
ing is reasonable and necessary for the diagnosis
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or treatment of illness or injury.” CMS currently
only allows coverage of a single amyloid PET
scan per patient through the Coverage with
Evidence Development (CED) process [193].
The Imaging Dementia—Evidence for Amyloid
Scanning (IDEAS) Study got under way in 2016
and may change the status quo [194]. The study,
led by the Alzheimer’s Association and man-
aged by the American College of Radiology and
the American College of Radiology Imaging
Network, plans to recruit 19,000 Medicare
beneficiaries over 4 years, “to demonstrate that
awareness of the results of amyloid PET imaging
can assist physicians in making more informed
decisions about clinical management” [194].
Board-certified neurologists, psychiatrists (ital-
ics mine), and geriatric medicine physicians can
enroll as referring providers on the study website
(www.Ideas-Study.org). Clinical use of amyloid
PET has some limitations, however. According
to the revised AD biomarker model, amyloid
deposition has already plateaued by the time the
earliest symptoms of AD dementia become evi-
dent [178]. Therefore, using predetermined amy-
loid thresholds on PET as inclusion criteria for
disease-modifying therapy trials in AD appears
to be justified, since an early and reliable diagno-
sis of AD cases is critical for the evaluation of the
therapy; recall that, in the bapineuzumab trials,
36% of APOE €4 noncarriers were found to have
a negative PiB-PET scan at baseline [195]. The
situation in clinical practice is somewhat differ-
ent. Due to poor clinicopathological correlation
in the dementias [196], the clinical question is
usually a broader one of whether a patient has
dementia due to AD or another etiology, rather
than a narrower one of whether a patient has
AD dementia or no dementia at all. FDG-PET
is much more suitable for addressing the broader
question than amyloid PET. Also, the 2015 meta-
analysis [185] suggests that amyloid PET may be
most useful for ruling in AD dementia in young-
onset cases, which is also one of the three clini-
cal indications for amyloid PET in the AUC, but
young-onset (non-Medicare) patients are unfor-
tunately excluded from the IDEAS study.
Finally, as far as molecular imaging of other
proteins involved in neurodegenerative demen-
tias is concerned, there is active research going
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on presently on PET imaging of tau deposits in
the brain, which is a neuronal injury biomarker
[197], but it is likely several years away from
entering routine clinical practice. The NIH-
supported ADNI-3 is a 5-year study that started
recruiting subjects in 2016 and includes tau PET
[198]. With the advent of amyloid and tau PET, a
completely new A/T/N classification scheme for
AD has been proposed, in which A indicates an
Ap biomarker, T indicates a tau pathology bio-
marker, and N indicates a biomarker of neuro-
degeneration or neuronal injury, each of which
is then rated in a binary fashion as + or - [199].
PET tracers that can be used to directly image
a-synuclein in vivo are being studied as well
[200], but development of a commercially use-
ful tracer is still many years away. Transactive
response DNA binding protein 43 kDa (TDP-43)
is a protein that is implicated in the pathogenesis
of amyotrophic lateral sclerosis (ALS), chronic
traumatic encephalopathy, and some types of
frontotemporal lobar degenerations, among other
disorders. Research into developing a PET tracer
that can be used to image TDP-43 in vivo is just
getting under way with initial funding from the
ALS Association.

Practical Aspects of Archiving
and Viewing Imaging Studies

Almost all radiology facilities across the USA
now use a Picture Archiving and Communication
System (PACS), which allows electronic stor-
age and retrieval of digital images in the Digital
Imaging and Communications in Medicine
(DICOM) format. A clinical PACS allows images
to be acquired via the modality acquisition com-
puter. The images are then routed to a PACS
server via a DICOM gateway. These can be then
accessed from different diagnostic workstations
within the intranet. Different modes of image dis-
tribution are used, which depend upon whether
the imaging department is organized by organ
system or by imaging modality [201]. The PACS
typically interfaces with and is integrated with a
dedicated Radiology Information System (RIS),
which handles not only the diagnostic reports but
also workflow management and billing [202].
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Larger medical centers now have multiple PACS
archives which are integrated with the EMR. Web-
based technology allows the images in the PACS
archives to be displayed on practically any web
browser. The web server accesses and processes
the DICOM images into JPEG or GIF format
before sending them to the browser [201]. Web-
based medical imaging systems allow the clinician
to view the images even from remote locations.

Hospitals have established virtual private
networks (VPN) which allow digital images to
be electronically “pushed” between hospitals
in the network. This greatly reduces the need
for requesting images on portable media, and
not only allows viewing of the images usually
within just a few hours of the request, but has
also resolved the problems of corrupted media,
confidential storage, and eventual safe disposal
of the media. Every patient should be questioned
regarding any prior head imaging studies. In
patients where structural imaging has already
been done, the clinician should never obtain just
the original diagnostic report and “cut and paste”
it into the clinic note, but make every effort to
obtain the scan for personal review, preferably
via the hospital’s VPN. The hospital’s medical
imaging library will typically assist with this pro-
cess, and front-office staff can be easily trained to
automatically obtain any prior scans prior to the
patient’s first clinic visit.

Real-time access to a web-based image system
is imperative not only for the referring psychia-
trist to be able to view the scans, whether done
locally or obtained from a remote location via
the VPN, but also to show the images to patients
during an office visit. This not only helps edu-
cate patients and families about the disease but
is also a remarkably effective way to build rap-
port. Patients will sometimes ask for copies of
their scans and the hospital’s imaging department
should be encouraged to provide copies of scans
done locally. At times, patients and families will
even take pictures of the scans in the office with
their cellphone cameras, and this should not be
discouraged as long as other patients’ confidenti-
ality is not being inadvertently violated (e.g., care
must be taken to close another patient’s medical
record tab that may be lurking in the corner of
the EMR).
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Conclusion

While imaging and fluid (blood and CSF) bio-
markers do not yet have a role to play in diag-
nosing psychiatric disorders in the clinic with
the exception of neurocognitive disorders, their
role in diagnosing primary psychiatric disorders
is expected to greatly increase within the next
decade. On the other hand, imaging biomarkers
have already arrived in the memory and move-
ment disorders clinics, and the various imaging
modalities that have been discussed occupy an
important place in the diagnostic work-up of
these patients. Specific biosignatures of the com-
mon neurocognitive and movement disorders
have been validated but have not been covered
in this chapter as these details will be provided
elsewhere in the textbook.

With the burgeoning elderly population in the
USA, especially the “oldest-old” who are above
the age of 85 [203], there continues to be an
exponential increase in the numbers of dementia
patients in the country and an increasing shortage
of specialists trained in geriatric neurology, geri-
atric psychiatry, or geriatric medicine to take care
of them. It is projected that, by the year 2050,
13.8 million people in the USA will suffer just
from AD dementia [204]. Primary care physi-
cians, adult psychiatrists, general neurologists
and physician extenders have therefore become
front-line providers of dementia care by default,
but many of these providers feel ill-equipped to
provide such care [205]. Like their neurology
and neurosurgery colleagues, psychiatrists poten-
tially have, or can develop with some effort and
training, considerable expertise in the imaging
modalities that are relevant to their clinical prac-
tice. Even if psychiatrists are not comfortable
ordering imaging studies, they will increasingly
see patients who have had scans done elsewhere
and will want to review these with their treating
psychiatrist. Adequate practical training in order-
ing and interpreting imaging studies is therefore
critical for providing psychiatrists with the tools
they will need in order to provide the best pos-
sible care to patients and their families.
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