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ABSTRACT 

The present study attempts to tests the hypothesis that 

anxiety, reflected in physiological and psychological 

measures, is related to impainnent in memory systems which 

hypothetically involve the hippocampus in older adults. A 

single 24-hour collection of cortisol was obtained from a 

group of 159 healthy elderly subjects. Immediately after 

the collection, a test battery of various types of verbal 

memory and anxiety was administered. Multiple regression 

analyses revealed that the experience of anxiety as 

measured by the instruments in this study does not 

significantly affect performance on a measure of long-term 

memory (LTM). Age itself accounted for most of the 

variation in LTM scores, followed by gender and education, 

respectively. However, the effect of anxiety as measured 

by a composite of paper-and-pencil instruments on I.TM 

scores was apparent in an aged subgroup of older adults. 

In neither sample was the 24-hour measure of cortisol found 

to be a significant predictor of LTM scores. It is 

suggested that multiple cortisol collections be obtained 

for a more accurate indicator of adrenocortical activity 

and that more sensitive measures of memory and anxiety be 

used in the assessment of healthy older adults. 
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Introduction 

Older adults comprise one of the fastest growing 

populations in this country. The percentage of people aged 

65 or older in the u.s. population has grown from about 4% 

in 1900 to 12% in 1985 and is projected to increase to 25% 

by 2030 (Warheit, Longino, & Bradsher, 1991). More people 

are living longer. However, the quality of life in the 

"golden years" may not keep pace with chronological 

advancement. Living longer may provide more time for 

achievement, but it also provides a greater opportunity for 

the impact of negative social, biological, and 

psychological processes over time. For example, prolonged 

illnesses, decreasing economic resources, and bereavement 

are usually experienced more often by older than by younger 

adults. The quality of life of some aged adults may be at 

risk if they do not cope well with these negative life 

experiences. A deficient capacity to manage the response 

to severe life stressors may lead to pathological 

physiological processes which have detrimental effects on 

the functioning of the central nervous system. 

Study of the various negative processes which affect 

the elderly has increased in recent years. Many of these 

processes are investigated by stress researchers. The term 

"stress" is generic and often is confused with the concept 



of anxiety. Usually, this occurs because of differences 

between scientific and popular usage of the two concepts. 
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The terms "stress" and "anxiety" are used in the 

popular sense to denote the personal experience of 

something aversive (e.g. the "stress" headache or having an 

"anxiety" attack). In addition, "stress" can also be used 

to describe the act of influencing something else (e.g. a 

beam puts "stress" on the frame of a house). Hence, usage 

of the term "stress" can vary depending on the context in 

which it is used. For the purpose of this paper, the 

distinction between stress and anxiety is drawn by 

describing them as two components of a complex 

psychobiological process (see Figure 1). A stressor is 

identified as an internal or external force which acts upon 

an individual, whereas stress is the result (reaction) of 

the action of a stressor. Anxiety is described as an 

unpleasant emotional reaction which affects an individual 

internally as a result of a stressor (Spielberger & 

Rickman, 1990). Anything can be a stressor, so anything 

may elicit anxiety. It is one's interpretation (cognitive 

appraisal) of the stressor which determines the presence 

and extent of anxiety in an individual. 

The concept of anxiety is subdivided into trait and 

state anxiety in Figure 1. Trait anxiety is a personality 

factor which reflects the relatively stable individual 
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differences in anxiety proneness. State anxiety is a 

temporary condition and is reflected in the uncertain 

aspects of a situation which involve the subjective feeling 

of apprehension, anxious expectation, and the activation of 

the autonomic nervous system. The preceding constructs and 

definitions are drawn primarily from Spielberger's (1966) 

model of anxiety as a complex psychobiological process. 

This model highlights the multidimensional nature of 

stressors and anxiety. 

The concepts of stress and anxiety have often been used 

interchangeably. The term "stress" has been used to denote 

the ratio of pressure on an object created by the external 

pressure to the size of the area affected (Lazarus, 1993). 

This definition of stress, taken from engineering 

principles, was adopted by health researchers. Cannon 

(1939) and Seyle (1980) applied the principles of 

engineering to the pattern of physical reactions which 

occur in the body as a result of exposure to various 

forces. Erroneously, this "cause and effect" definition of 

stress does not consider the innate ability of humans to 

appraise the force (stressor) acting upon them. 

Although the term "stress" itself has been used in 

various contexts (e.g. positive stress, negative stress, 

internal stress, external stress, etc.), this paper 

recognizes the complex psychobiological and social 
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processes involved in the stress response as described in 

Spielberger's model. To clarify discussion within the 

present paper, the term "stress" itself will be not be 

used. The terms "stressors", "trait", and "state anxiety" 

will be used as they were defined above. In addition, this 

paper will focus on the negative alteration of the 

physiological and psychological state of an individual 

resulting in increased levels of cortisol, the hormone 

related to the anxiety response and other emotional states 

(e.g. depressed mood). The effects of anxiety on older 

adults are multiple, the present study focuses on the 

putative effects of anxiety on memory processes in older 

adults. 
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Anxiety and Aging 

Physiological Factors 

Description of the adrenocortical axis structure. 

The adrenocortical axis (AA) is one system of 

structures which regulate an organism's response to 

stressors (see Figure 2). The hypothalamus, pituitary, and 

adrenal gland are the primary structures in this axis. 

Each of these structures utilizes certain transmitter 

substances which regulate the axis. This brief review of 

the adrenocortical axis will focus on glucocorticoids (e.g. 

cortisol), the hormone of most interest to anxiety 

researchers. The following discussion is condensed from 

that provided by Collu, Brown, & van Loon (1988). 

The hypothalamus is a conglomerate of nuclei located in 

the diencephalon, beneath the thalamus, and situated on 

both sides of the inferior portion of the third ventricle. 

Anatomically, the hypothalamus consists of the optic 

chiasm, mammillary bodies, tuber cinereum, infundibulum, 

and the hypophysis (pituitary gland). The pituitary is 

sometimes considered part of the hypothalamus, but is 

functionally different from other structures. 

Behaviorally, the hypothalamus is involved in eating, 

sleeping, emotional, sexual, and motor behavior via the 

hormones which it secretes. 
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Hormones secreted by the hypothalamus directly affect 

the tissues of the pituitary gland. These hormones are 

transported directly to the tissues of the pituitary via 

the hypothalamic-hypophyseal portal sys·tem. The pituitary 

is an endocrine gland attached to the hypothalamus by the 

hypophyseal stalk. The pituitary is divided into two 

halves: the adenohypophysis and the neurohypophysis. The 

neurohypophysis is the posterior portion of the pituitary 

which stores and secretes oxytocin and vasopressin. The 

adenohypophysis is the anterior portion of the pituitary 

which stores and secretes the following substances: growth 

hormone (GH), prolactin (PRL), thyroid-stimulating hormone 

(TSH), adrenocorticotropic hormone (ACTH), follicle

stimulating hormone (FSH), and luteinizing hormone (LH). 

The target organ of ACTH is the adrenal cortex where ACTH 

exerts its principal effects by increasing the synthesis 

and release of cortisol. 

The adrenal gland is comprised of two parts, the 

medulla and the cortex. The core of the adrenal gland is 

the medulla which secretes epinephrine (E) and 

norepinephrine (NE) in response to stimulation from the 

sympathetic nervous system. The effects of E and NE 

include increased metabolic rate, vasoconstriction, 

elevation of cardiac output, and peristaltic activity of 

the gastroin'i::estinal tract. 
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The cortex of the adrenal gland secretes three major 

types of steroids: mineralcorticoids, androgens, and 

glucocorticoids. Mineralcorticoids modulate the 

concentration of minerals in the extracellular fluid. 

Androgens from the adrenal cortex are secreted in small 

amounts and have a masculinizing effect. Cortisol is the 

primary glucocorticoid secreted, comprising 95% of all 

glucocorticoid activity. Corticosterone and cortisone are 

the glucocorticoids which constitute the remaining 

activity. The effects of glucocorticoids involve 

suppression of anabolic processes and release of energy 

reserves. 

Many other structures are involved indirectly in 

regulating cortisol within the AA (Swanson, Sawchenko, 

Riviera, & Vale, 1983). Most of these structures reside in 

the limbic system, which is involved in autonomic 

functions, emotion, and behavior. Of all these structures, 

the hippocampus has been given much attention, due to its 

important role in memory (Cohen & Eichenbaum, 1993; O'Keefe 

& Nadel, 1978). 

Functioning of the adrenocortical axis in normal 

adults. 

The response of the adrenocortical axis to a stressor 

consists of activation of the hypothalamus by the systems 

which it innervates, such as the autonomic nervous system 
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and the limbic system. These systems provide input from 

the internal and external environment to the hypothalamus, 

which in turn secretes corticotropin releasing factor 

(CRF). CRF is also secreted by the hypothalamus in 

response to low levels of cortisol in the blood stream. 

CRF flows through the hypothalamic-hypophyseal portal 

system to the anterior portion of the pituitary gland. In 

response to the CRF, ACTH is released by the pituitary into 

the bloodstream and stimulates the adrenal cortex, which in 

turn initiates production of cortisol. The hypothalamus, 

in response to a high concentration of cortisol, will 

decrease production of CRF, thus regulating the 

concentration of cortisol in the system. In addition, the 

sympathetic nervous system interacts with the primary 

structures of the AA to regulate the organism's response to 

stressors. These processes comprise a negative feedback 

system which keeps the AA in stasis. 

It has been proposed that the function of 

glucocorticoids is to protect the organism from its own 

defense mechanisms. This is accomplished by shutting off 

the response to stressors before it reaches levels which 

may induce disease (Munck, Guyre, & Holbrook, 1984). 

Cushing's disease is one example of a condition which is 

caused by a deficit in the body's ability to regulate 

chronically high levels of circulating glucocorticoids 



(Collu et al., 1988). Other actions of glucocorticoids 

which occur in the presence of stressors include elevated 

blood glucose and liver glycogen, and antiinflammatory 

effects (Munck et al., 1984; Munck & Guyre, 1986). Under 

basal conditions, glucocorticoids have been shown to 

control the levels of CRF and ACTH, water excretion, and 

insulin (Munck et al., 1984; Munck & Guyre, 1986). 
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The sympathetic nervous system is stimulated along with 

the AA in response to stressors (Axelrod & Reisine, 1984; 

Jones, 1979; Kopin, Eisenhofer, & Goldstein, 1988). 

Epinephrine and NE are secreted peripherally by the medulla 

of the adrenal cortex in response to stressors. They 

affect the levels of E and NE in the brain and the enzymes 

which synthesize the catecholamines. These enzymes are, in 

turn, regulated by neuronal activity, the circulating 

levels of glucocorticoids, and ACTH. 

Substances other than CRF have been shown to initiate 

the release of ACTH: catecholamines, oxytocin, 

acetylcholine, and arginine vasopressin (Keller-wood & 

Daillnan, 1984; Plotsky, 1986, 1985, cited in Sapolsky, 

1993). Hence, one must consider multiple sources of 

influence on the anterior pituitary. To balance these 

substances which exert an excitatory effect on the anterior 

pituitary, substances other than glucocorticoids have been 

shown to inhibit the release of ACTH, such as somatostatin, 
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GABA, and serotonin (Keller-Wood & Dallman, 1984). 

Together, all of these inhibitory and excitatory substances 

act to regulate the body's response to stressors within the 

AA. 

Three inhibitory mechanisms of action comprise a system 

which has been identified to be involved in the regulation 

of the rate and magnitude of response to CRF, ACTH, and 

corticosteroids: fast, intermediate (early delayed), and 

slowed feedback (late delayed) (Jones, Gillham, Greenstein, 

Beckford, & Holmes, 1982; Keller-Wood & Dallman, 1984). 

Each type of feedback is differentiated by its receptor 

site and mode of action. In addition, each type of 

feedback produces different effects in the synthesis and 

release of CRF, ACTH, and corticosteroids outside and 

within the blood-brain barrier. The response of this 

inhibitory feedback system depends on the nature of the 

stimuli (steroid sensitive or insensitive) and the afferent 

pathways involved in the secretion of ACTH. In addition, 

the feedback system is influenced by circadian rhythms and 

the basal and dynamic concentrations of ACTH. 

Fast feedback occurs within a few minutes in response 

to acute endogenous or exogenous stressors at both the 

anterior pituitary and hypothalamus. CRF release, but not 

synthesis, is prevented at the hypothalamus by 

corticosteroids. Also, CRF induced release of ACTH is 
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reduced at the anterior pituitary by corticosteroids. 

After approximately two hours have passed, intermediate 

feedback occurs for about the next ten hours. Intermediate 

feedback further limits the response of the AA to the 

stressor. A't this time, both CRF synthesis and release are 

inhibited by corticosteroid levels. In addition, ACTH 

release continues to decrease in response to corticosteroid 

levels. Slowed feedback occurs after about ten hours of 

stimulation and may last for days. This seems to be the 

long-term reaction of the AA to prolonged stressors. At 

this time, ACTH synthesis and release at the pituitary are 

inhibited further. In sum, these three modes of action are 

integrated to optimize the response of the AA to stressors. 

Two primary sources of influence on the AA are 

circadian rhythms and anxiety (Reus & Collu, 1988). 

Assuming a conventional sleep pattern, between 4 a.m. and 5 

a.m. is the interval during which the concentration of 

cortisol is at its highest, whereas about twelve hours 

later the concentration of cortisol is at its lowest. The 

circadian rhythm of cortisol is therefore an important 

consideration in cortisol measurement. Stressors alter the 

concentrations of the primary secretions of the AA. Due to 

individual differences in one's perception of a situation, 

some stressors do not evoke similar responses in all 

subjects, and a marked variation in the response to 
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stressors exists in human subjects (Coquelin & Gorski, 

1984; Jones, 1979). Hence, another important consideration 

in cortisol measurement is to obtain multiple or long-term 

samples (e.g. 24-hour urinary cortisol) which reflect 

random variations in cortisol output. 

Functioning of the adrenocortical axis in aged adults. 

The effects of aging on the AA have been investigated 

in terms of basal and dynrunic levels of ACTH and cortisol. 

Some substances which initiate the release of ACTH, such as 

CRF and vasopressin, have not received enough study in 

humans to determine the extent of their role in ACTH 

regulation in older adults. Animal studies of 

adrenocortical hormones and releasing factors have been 

performed, but caution must be taken when attempting to 

generalize from animal to human studies. Differences exist 

between species of animals in terms of the AA (Blackman, 

1987; Clemens, 1983; Riegle, 1983). 

Studies have noted morphological and histological 

changes with aging in the adrenal cortex and anterior 

pituitary (Andres & Tobin, 1977; Blackman, 1987; Blackman, 

1990; Blichert-Toft, 1975; Riegle, 1983; Rogers & Bloom, 

1985). Neuronal number has shown no change in the aged 

human hypothalamus (Riegle, 1983), except in the 

superchiasmatic nucleus in individuals above the age of 80 

years (Coleman & Flood, 1987). Studies of basal and 
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regulatory functions ot hypothalamic releasing hormones, 

such as CRF, in healthy aged humans are not available 

(Blackman, 1990). The basal levels of cortisol and ACTH 

are normal in older adults, although the secretion and 

clearance of cortisol is decreased (Blackman, 1990; Dodt, 

et al., 1991; Jensen & Blichert-Tofy, 1971; Riegle, 1983; 

Sapolsky, Armanini, Packan, & Tornbaugh, 1987; Sapolsky, 

1990; west, Brown, Simons, Carter, Kumagai, & Englert, 

1961). Some studies which have found no age differences in 

basal cortisol levels have used creatinine to correct for 

differences in age. However, it has been noted that the 

use of creatinine to correct for age differences may not be 

advisable (Andres & Tobin, 1977; Riegle, 1903). Creatinine 

excretion reflects the metabolism of muscle mass while the 

liver is the primary site for cortisol metabolism (Riegle, 

1983). Hence, using creatinine to correct for age 

differences may result in inaccurately estimated cortisol 

levels. Muscle mass decreases with age (Minaker, Meneilly, 

& Rowe, 1985), so creatinine may be a better correction for 

differences in weight between subjects. 

The circadian rhythm of cortisol and ACTH occur in 

tandem, with episodic cortisol secretion following similar 

ACTH secretion (Moline & wagner, 1987). Data suggest 

trends toward a phase advance and higher evening levels of 

cortisol and ACTH in older adults (Blackman, 1990; 



Halbreich & Goldstein, 1987; Lakatua, et al., 1984; 

Richardson, 1990; Sherman, Wysham, & Pfohl, 1985). 
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The sensitivity of the negative feedback system of the 

AA is intact in aged humans (Blichert-Toft, 1978; Riegle, 

1983; Sapolsky et al., 1987; Sapolsky, 1990). Dynamic 

testing of the AA in the elderly reveals a decreased 

sensitivity of the adrenal gland to stimulation from ACTH 

(Andres & Tobin, 1977). The anterior pituitary does not 

show any significant changes in responsiveness to cortisol 

(Andres & Tobin, 1977; Blackman, 1987), CRF (May, 

Rappaport, Tomai, Chrousos, & Gold, 1987), or injections of 

metyrapone (Blackman, 1987; Blichert-Toft, 1975) in aged 

individuals. Prolonged secretion of cortisol has been 

observed during the administration of stressors (e.g. 

intramuscular injections of ACTH or insulin; dexamethasone 

suppression test) in some, but not all, (see Friedman, 

Green, & Sharland, 1969; Nelson, Khan, Orr, & Tamragouri, 

1984; Tourigny-Rivard, Raskind, & Rivard, 1981) studies of 

older adults (Greden, et al., 1986; Minaker et al., 1985; 

Riegle, 1983; Weiner, Davis, Mohs, & Davis, 1987; West et 

al., 1961). 

Age changes in the medulla of the adrenal gland are 

reflected by changes in circulating levels within and 

outside the central nervous system. Increases in the 

peripheral circulating levels of NE are found in aged 
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individuals (Blackman, 1990; Finch & Landfield, 1985; 

Linares & Halter, 1987; McGinty, Stern, & Akshoomoff, 

1988). This increase occurs over a 24-hour period; hence, 

the circadian rhythm of NE is disrupted (Blackman, 1990; 

Linares & Halter, 1987; McGinty et al., 1988). In response 

to stressors (e.g. mental stressors, prolonged standing, 

exercise, etc.), aged individuals demonstrate an increased 

response of NE (Finch & Landfield, 1985; Linares & Halter, 

1987; Rowe & Troen, 1980). In addition, NE levels seem to 

return to baseline values more slowly in aged individuals 

after the occurrence of a stressor (Finch & Landfield, 

1985). In the central nervous system, NE levels have been 

reported to be generally unchanged, but decreases have been 

reported in specific areas of the brain (e.g. hypothalamus, 

locus coeruleus, etc.) (Morgan & May, 1990; Rogers & Bloom, 

1985; Simpkins, 1983). This may be the result of a 

decrease in the activity of tyrosine hydroxylase (a 

precursor of NE) and an increase in levels of monoamine 

oxidase in aged individuals (Halbreich & Goldstein, 1987; 

Rogers & Bloom, 1985). There are no significant age 

changes in peripheral E levels of aged individuals; neither 

is their circadian rhythm of E disrupted (Blackman, 1990; 

Linares & Halter, 1987; McGinty et al., 1988). Exposure to 

mental stressors, such as mental arithmetic, does not 



affect E levels differentially in the aged as compared to 

younger individuals (Linares & Halter, 1987). 

Structural and functional pathology in the 

adrenocortical axis of older adults. 
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The AA has been implicated in several pathological 

syndromes of humans (Greenspan, 1991; Morley & Krahn, 1987; 

Sapolsky, 1990). These syndromes are categorized as either 

disorders of hyperfunction or hypofunction. Both hyper

and hypofunction are negative internal forces which act 

upon the individual, so they qualify as stressors. Of 

particular relevance to investigators has been the 

hyperfunction of the AA which occurs during the anxiety 

response. In anxiety research on aged individuals, 

attention has been concentrated on the manner in which 

hyperfunctioning of the AA impacts aging. 

The stress(or) theory of aging combines two other 

theories of aging (cellular and autointoxication) and 

Selye's General Adaptation Syndrome (GAS) (Goldstein & 

Halbreich, 1987; Timiras, 1983). Selye (1980) proposed 

three stages of adaptation which occur in response to 

stressors: alarm reaction, resistance, and exhaustion. 

When one encounters anxiety provoking stimuli, the body 

mobilizes its defenses (alarm stage). If the stressor 

persists, the body increases its resistance (resistance 

stage) until energy reserves are depleted and the 
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adaptational capacity of the body begins to deteriorate 

(stage of exhaustion). The stress(or) theory of aging 

states that one ages due to decreased plasticity of cells 

created in old age (cellular hypothesis) and substances 

which accumulate over the lifespan and reach toxic levels 

in the body by old age (autointoxication hypothesis). Both 

of these hypotheses are applied to the GAS theory across 

the lifespan. Pre-adulthood is likened to the alarm stage 

where one's adaptive capacity is not fully developed, but 

is in mobilization. Adulthood represents the full adaptive 

capacity of the individual to respond to stressors. Old 

age is synon~nous with the stage of exhaustion when the 

body cannot respond adequately to challenges due to a 

decrease in adaptational ability. Although the stress(or) 

theory of aging seems plausible, neither the cellular or 

autointoxication theory have received unanimous support as 

explanations of the processes of aging (Timiras, 1983). In 

addition, the GAS theory has not received unaminous support 

(Mason, 1975a; Mason, 1975b). 

As described previously, the AA does not show 

significant changes in old age. However, an important 

point concerns the responsiveness of the AA in the elderly. 

Sapolsky (1990), while acknowledging the apparent age 

invariance of the AA, believes that the aged AA may be at 

the borderline of dysfunction due to its 
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hyperresponsiveness. He postulated the glucocorticoid 

cascade hypothesis which states that prolonged illnesses in 

the elderly lead to sustained levels of response of the AA, 

which in turn, may have catabolic effects on tissues in the 

hippocampus via down-regulation of glucocorticoid receptors 

(Figure 3). A decreased number of glucocorticoid receptors 

lead to excessive secretion of glucocorticoids (e.g. 

cortisol) which interfere with the ability of hippocampal 

neurons to survive insults. Glucocorticoids disrupt the 

energy substrates (e.g. glucose) necessary for proper long

term potentiation at hippocampal synapses which are 

involved in learning and memory. 

Two disorders which may have specific compromising 

effects on the central nervous system of the elderly are 

affective disorders, such as major depression (MD), and 

Alzheimer's disease (AD). Both of these conditions have 

been characterized by increases in basal levels of cortisol 

and nonsuppression of increased levels of cortisol in 

approximately half of the elderly affected with these 

conditions (Sapolsky, 1990). However, this conclusion (as 

well as any other conclusion based on studies utilizing 

older adults) must be taken with caution because: (a) the 

definition of "elderly" varies between studies (Georgotas, 

Stokes, Krakowski, Fanelli, & Cooper, 1984); (b) small 

sample sizes of "elderly" subjects are used often (Weiner 
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et al., 1987; Zimmerman & Coryell, 1987); and (c) tests for 

nonsuppression of cortisol vary in type and administration 

between studies (Rosenbaum, et al., 1984). If studies do 

indicate a trend toward hypercortisolism and nonsuppression 

in the elderly who suffer from MD and AD, then one should 

consider the interactions between advanced age, MD, and AD 

in terms of the AA. 

Several commonalities are revealed when comparing the 

processes involved in advanced age, MD, and AD. 

Neurobiological theories of MD emphasize the role of 

reductions of monoaminergic (e.g. NE and serotonin) and 

cholinergic neurotransmitters and their metabolites in the 

brains of individuals with AD and MD (Finch & Landfield, 

1985; Spar & La Rue, 1990). In addition, AD and MD are 

characterized by impairment involving the hippocampus 

(Axelson et al., 1993; Coleman & Flood, 1987). There are a 

few similarities in the neurobiology of AD and MD, hence, 

the two conditions produce some diagnostic confusion in the 

elderly. The presenting symptoms of the two disorders 

overlap to a degree that formal testing is needed to 

determine the presence and extent of either disorder in an 

individual. 

Neuronal loss and changes in neurotransmitter levels 

occur in the central nervous system as a part of normal 

aging, and have some overlap with features of AD and MD. 
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For example, two principal components of the limbic system, 

the hippocampus and amygdala, lose about 20-25% of cells in 

normal aging (Coleman & Flood, 1987; Horvath & Davis, 

1990). However, these srune structures show up to 60% loss 

of cells in individuals with AD (Coleman & Flood, 1987). 

In normal older adults, the nuclei with high concentrations 

of monoaminergic and cholinergic neurotransmitters (the 

neurotransmit,ters implicated in the development of MD), 

such as the locus coeruleus, substantia nigra, and nucleus 

basalis of Meynert, show cell loss up to 40% (Coleman & 

Flood, 1987; Horvath & Davis, 1990). Individuals with AD 

show greater than normal cell losses in these same areas 

(Coleman & Flood, 1987). As described in the previous 

section, monoaminergic (e.g. NE, serotonin) and cholinergic 

(acetylcholine) substances and their metabolites have been 

implicated in the course of MD. Overall, AD, MD, and 

advanced age can be seen to have some overlap in their 

effect on common structures and substances. 

Sapolsky (1990) describes the elderly as being at the 

borderline of dysfunction in terms of the AA. That 

borderline may be the point at which various factors 

combine and produce a negative effect. Hence, one should 

consider the biological, psychological, social, and 

environmental influences which affect the older adult. 
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This complex interaction in aging may help to explain why 

some older adults experience dysfunction and others do not. 

Psychological Factors 

Individual differences. 

The study of the AA is not limited to biological 

responses. A reciprocal relationship exists between 

adrenocortical physiological reactions and psychological 

stimuli (Riley & Furedy, 1985). Many environmental and 

lifestyle variables have been shown to affect the AA, such 

as: diet, exercise, and social support (Minaker et al., 

1985). Cognition also affects the AA. As seen in Figure 

1, thoughts are one type of internal stimuli which are 

appraised. Not all thoughts are appraised as stressors by 

everyone, and some thoughts elicit more arousal than others 

in different people (depending on the defense mechanism 

used to deal with the stressor). The central nervous 

system integrates the perception of the stressor at the 

hypothalamus, which in turn initiates a set of reactions 

and counterreactions in the AA. It is the perception of 

stimuli as anxiety provoking which affects the response of 

the AA (as well as other systems of the body, such as the 

cardiovascular system, gastrointestinal system, etc.). 

However, physiological and psychological reactions are not 

always highly related (Riley & Furedy, 1985). Individual 



differences can significantly modify the anxiety response 

of an individual. 
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Modulation of the anxiety response (e.g. coping) by 

psychological processes has been demonstrated and is an 

integral part of techniques used in behavioral medicine 

(Tunks & Bellissimo, 1991). Coping responses are learned 

throughout one's life, and as people age, coping styles 

change. This seems to be a function of the degree to which 

one is able to control the environment in which the anxiety 

is experienced (Folkman, Lazarus, Pimley, & Novacek, 19870. 

Environmental influences. 

The elderly face potentially severe stressors, such as 

retirement, declining economic resources, disability, and 

bereavement. These are significant stressors only if they 

are perceived as anxiety provoking and the individual does 

not have adequate coping skills to adapt to the stressors. 

In comparison to younger adults, the elderly tend to more 

frequently use passive, intrapersonal emotion-focused forms 

of coping and not problem-solving approaches for coping 

with stressors (Folkman et al., 1987). Although these 

forms of coping may be appropriate, more active and direct 

forms of adaptation may be needed in demanding situations 

(Spar & La Rue, 1990). Overall, one's chosen coping 

response reflects both the age of the individual and the 

context in which the anxious situation occurs. Although 
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most people use adequate coping strategies to modify their 

emotional and behavioral responses to anxiety throughout 

their lives, physiological response to anxiety shows some 

age-related changes in functioning in older adults. This 

potentially could have serious effects on the structures 

involved in the regulation of the anxiety response. Some 

of the structures involved in the anxiety response are also 

important in the process of memory. 
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Memory and Aging 

As discussed earlier, the primary structures of the AA 

are the hypothalamus, anterior pituitary, and the adrenal 

gland. In addition, components of the limbic system are 

also involved in modulation of the anxiety response. The 

hippocampus is a structure in the limbic system which plays 

a primary role in explicit or declarative memory processes 

(Cohen & Eichenbaum, 1993; O'Keefe & Nadel, 1978). Hence, 

the hippocampus may play an important role in both anxiety 

responses and memory processes. 

Memory in older adults has been investigated in terms 

of process and content. The following is a summary of the 

research concerning memory processes and content in the 

older adult. More extensive reviews may be found elsewhere 

(Craik, 1977; Poon, 1985). The information-processing 

model (Kaszniak, Poon, & Riege, 1986; Murdock, 1967) has 

been used to study the age differences in memory processes 

between younger and older adults. This model 

conceptualizes memory to be an active process of analyzing 

information which is comprised of several stages: sensory, 

primary, secondary, and tertiary memories. Using this 

model, studies have found only modest or no age differences 

in the sensory, primary, or tertiary stores. Most age 

differences could be accounted for by response time. 

However, significant differences have been found in 
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secondary memory in terms of the acquisition and retrieval 

of learned information. Older adults reveal deficits in 

secondary memory when the task requires spontaneous 

organizational and elaborative processes. However, 

performance increases when the following conditions are 

afforded to the older subject: (a) enough time is given to 

organize and elaborate on the stimuli; (b) more practice 

with the task; (c) familiar stimuli; (d) meaningful tasks; 

and (e) a self-regulated pace of learning (Birren & Schaie, 

1985). 

Recently, studies have focused on the age differences 

in memory systems hypothesized by theories which have been 

put forward subsequent to the information-processing model. 

Emphasis has been placed on working memory (Baddeley, 

1986) and learning and memory with vs. without awareness 

(e.g. explicit vs. implicit memory) (Schacter, 1987). 

Tests of explicit memory reveal significant age 

differences, whereas implicit memory tasks usually do not 

(Squire, 1987). When age differences in performance of 

implicit memory tasks do occur, they are modest or can be 

attributed to particular aspects of testing conditions 

(Schacter, Kaszniak, & Kihlstrom, 1991; Schacter, 

Kihlstrom, Kaszniak, & Valdiserri, 1993). The concept of 

working memory (Baddeley, 1986) is similar to the primary 

memory store of the information-processing model with added 
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emphasis on the capability of this process to actively 

attend, select, and manipulate information. Tasks designed 

to operationalize this construct have shown that older 

adults tend to have more difficulty processing information 

than younger adults. Although some faults have been 

identified with the model of working memory (Baddeley, 

1986), it has been able to offer explanations for deficits 

observed in older adults in terms of attentional 

difficulties and the inclusion of irrelevant stimuli in the 

retrieval of learned information. 

The experimental laboratory study of memory processes 

has been a staple of cognitive psychology, but an 

increasing amount of research is emphasizing the assessment 

of everyday memory which includes memory for meaningful 

materials, tasks, activities, and events. The amount of 

data available concerning the impact of age on everyday 

memory is vast, and more detailed information can be found 

elsewhere (Gruneberg, Moris, & Sykes, 1988; Poon, Rubin, & 

Wilson, 1989). The conclusions of studies of age 

differences in everyday memory seem to vary with the type 

of everyday memory studied, but one conclusion which has 

been reached is that the context in which memory is 

assessed is an important determinant of memory performance 

(Hultsch & Dixon, 1990). 
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Contextual parameters are the social, developmental, 

environmental, and individual conditions that affect memory 

performance (Poon, 1985). This includes factors such as 

cultural background, personality, motivation, etc. This 

viewpoint emphasizes the consideration of differences 

between age groups (e.g. gender, educational level, etc.) 

which may be a function of the sample evaluated. Some aged 

adults develop impairments in the processing of information 

to be remembered, but their contextual characteristics may 

enable them to function without significant functional 

difficulty. These adults may live independently until 

those parameters change past the point at which the 

integrity of their physiological system can adapt. 

Older adults are at a greater risk for brain impairment 

(e.g. strokes, Alzheimer's disease) and subsequent memory 

dysfunction. In the absence of pathology, normal changes 

occur in brain functioning which also affect memory 

processes. For example, frontal areas of the brain have 

been implicated in the attentional and visuospatial 

decrements observed in older adults (Poon, 1985) and 

hippocampal formation size in normal human aging is 

correlated with performance on tests of verbal secondary 

memory (Golomb et al., 1994). Hence, one must consider 

normal and pathological physiological differences when 

comparing memory performance between age groups. The 
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interaction of contextual parameters and age-related 

changes in the physiological integrity of older adults are 

important factors to consider when evaluating memory 

performance between groups of people. 

In sum, many memory performance changes occur as one 

ages both in terms of process and content. The number of 

various contextual parameters highlights the 

multidimensional nature of memory performance. As 

described earlier, the context in which anxiety occurs can 

affect one's experience of anxiety just as context affects 

memory performance. Hence, the study of anxiety and memory 

in older adults should consider contextual parameters which 

affect the perception and experience of anxiety and the 

process and content of memory performance. 
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The Interaction of Memory and Anxiety in Aging 

The hippocampus has received much attention from 

researchers who study the neurological and psychological 

factors affecting memory processes. Researchers have begun 

to focus on the hippocampus as a target for anxiety-related 

effects because the hippocampus is rich in receptors for 

cortisol (Coleman & Flood, 1987). Stressors have been 

studied in conjunction with many physiological conditions. 

In particular, abnormalities have been revealed in the AA 

in respect to the role which the hippocampus plays in MD, 

AD, and advanced age. Some dynamic measures of the 

adrenocortical system (e.g. dexamethasone test) reveal 

hypersecretion of cortisol (Sapolsky & Plotsky, 1990) in 

AD, MD, and in nondepressed, nondemented elderly (over the 

age of eighty) individuals. In addition, the elderly and 

people suffering from AD and MD show phase-advanced 

circadian cortisol secretion (Halbreich, Asnis, 

Shindledecker, Zumoff, & Nathan, 1985; Sapolsky, Krey, & 

McEwen, 1986; Sapolsky & Plotsky, 1990; Spar & La Rue, 

1990). Sapolsky (1990) has postulated that the profile of 

the AA appears similar in AD, MD, and elderly individuals 

because the hippocampus has undergone multiple metabolic 

insults due to prolonged, increased levels of cortisol 

negatively affecting the cortisol receptors in the 

hippocampus. Evidence for the loss of glucocorticoid 
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receptors in the hippocampus in the presence of high 

concentrations of cortisol is abundant in the animal 

literature. However as stated previously, comparisons of 

species in terms of the AA may not be valid. Hence, the 

following section describes studies which obtained indirect 

measurements of hippocampal activity (e.g memory 

functioning) to illustrate the relationships between 

stressors, memory, and advanced age in humans. 

~eview of the Effects of AA Hormones on Memory in the 

Elderly. 

The effects of basal and dynamic levels of AA hormones 

(e.g. cortisol) on memory processes have been studied often 

in animals (Gold & McGaugh, 1975; McGaugh, 1983; McGaugh & 

Gold, 1989). To be consistent, this review focuses on the 

effects of AA hormones on memory in humans, especially 

healthy, elderly adults. However, the number of studies 

addressing the effects of AA axis hormones on memory 

functioning in the elderly are few. This review evaluates 

this small group of studies. 

Data exist which are consistent with the hypothesis of 

involvement of the hippocampus in the AA in older adults. 

One method of exploring this hypothesis, albeit indirect, 

is to measure memory functioning which is sensitive to 

changes in the integrity of the hippocampus and relate it 

to the functioning of the AA in older adults. Several 
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experiments have been performed using human and animal 

subjects to determine the type and extent of age-related 

impairment of memory functioning related to the hippocampus 

(deToledo-Morrell, Geinisman, & Morrell, 1988; Golomb, et 

al., 1994; Landfield, 1988). 

Memory performance has been evaluated in healthy, older 

adults, but there has been a lack of studies measuring 

memory performance and AA activity concurrently in this 

population. However, studies do exist which measure memory 

and disregulation of the AA in older adults with affective 

disorders and/or dementia utilizing the dexame'thasone test 

(DST) (Evans & Golden, 1987). 

The DST was developed to measure the dynamic status of 

the AA because it is believed that the disregulation of 

cortisol, via the hypothalamus and limbic system, is 

related to affective disorders (Carroll, 1982). It has 

been found that those people who fail to suppress (i.e. the 

AA axis fails to restore circulating levels of cortisol to 

basal levels) an oral dose of dexamethasone (a synthetic 

steroid), are also more likely to be diagnosed as 

depressed. Over years of studies, the DST has been shown 

to have an average specificity of 93% and an average 

sensitivity of 44% (Evans & Golden, 1987). Rates of 

sensitivity (true positives) and specificity (true 

negatives) vary depending on the group under investigation 



(APA Task Force, 1987; Evans & Golden, 1987). As more 

studies have examined the use of DST to identify 

depression, its utility has become more circumscribed. 
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When the DST is applied to an older population, it becomes 

necessary to consider the possible involvement of dementia. 

Dementia and depression have symptom overlap, so it has not 

been surprising to find that most DST studies have failed 

to distinguish between depression and dementia (APA Task 

Force, 1987; Evans & Golden, 1987). Hence, both of these 

disorders share a characteristic of AA dis regulation which 

may reflect the involvement of the hippocampus and its 

corresponding contribution to memory difficulty. 

Since affective disorders have been shown to affect 

memory processes (Grant & Adams, 1986) and memory 

impairment is a hallmark characteristic of dementia, 

studies utilizing the DST have often included some measure 

of memory. Most studies which address the relationship of 

memory and AA activity in depressed and/or demented older 

adults suffer from methodological flaws in the manner in 

which the DST was performed and the procedure employed for 

memory testing. Table 1 lists those studies in which the 

DST and memory testing were both performed. Most of these 

studies did not directly assess the relationship between 

memory and AA regulation in a healthy aged population. 

However, some studies did measure DST status in older 



adults with Alzheimer's disease. As shown in Table 1, 

there are only two studies which measured DST status and 

memory in a healthy control group which may be considered 

to be uolder adults" (mean age ~ 65). 
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One of the two studies which measured DST status in 

healthy older adults used the Guild Memory Test which 

provides measures of immediate and delayed paragraph 

recall, immediate and delayed paired-associate recall, and 

design recall (Crook, Gilbert, & Ferris, 1980). However, 

none of the results of the Guild Memory Test were reported. 

The other study employing healthy older adults utilized a 

modified version of the Memory and Information Test (Kay, 

1977). However, none of the results of the Memory and 

Information Test for the healthy elderly subjects were 

reported 

Many methodological flaws exist in the studies cited in 

Table 1. Memory functioning was assessed with instruments 

which have not been subjected to thorough procedures 

evaluating their validity and reliability. Some studies 

purported to measure neuropsychological functioning but 

failed to report the results. Another problem of these 

studies is tha't some investigators utilized nonstandard 

methods of DST administration (see Table 2). The results 

may not be comparable to those of other studies utilizing 

standard methods of DST because older adults may metabolize 
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dexamethasone differently (Hunt, Johnson, & Caterson, 1989; 

Weiner, 1989). In addition, it has been shown that 20% of 

the abnormal (nonsuppression) DST results are missed if 

only one collection time (e.g., 4:00 p.m.) is used (Evans & 

Golden, 1987). Other problems exist in these studies, such 

as: (1) different criteria used in diagnosing depression or 

dementia; (2) use of the term "memory" in a generic manner; 

(3) poor control for effects of other medication at the 

time of DST testing; (4) small groups of subjects; and (5) 

disproportionate number of females or males in the subject 

pool. 

While the DST measures the dynamic status of the AA, 

studies of Cushing's syndrome (CS) may provide insight into 

the effects of AA dis regulation on memory functioning in a 

group of individuals who suffer from high basal levels of 

cortisol. Cushing's syndrome is a group of symptoms 

produced by excess circulating levels of cortisol (Aron, 

Findling, & Tyrrell, 1987). Some of the symptoms of CS 

include high blood pressure, loss of muscle mass, and 

memory impairment (Collu et al., 1988). 

The specific effects on memory functioning of 

chronically high levels of basal cortisol found in CS have 

not received much attention. As with studies of the DST 

and memory functioning of older adults, there are few 

studies describing the effects of chronically high basal 
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levels of cortisol in es patients on memory (See Table 3) 

(Starkman, Gebarski, Berent, & Schteingart, 1992; Starkman 

& Schteingart, 1986; Starkman, Schteingart, & Schork, 1981; 

Starkman, Schteingart, & Schork, 1986; Whelan, Schteingart, 

Starkman, & Smith, 1980). Only the studies by Whelan, et 

ale (1980) and Starkman, et ale (1992) used standardized 

measures of memory functioning and studied the 

neuropsychological effects of es. This study found a 

relationship between the severity of CS and scores on a 

measure of visual memory. 

Major flaws exist in the study by Whelan et al., 

(1980): (1) the data were not subjected to thorough 

statistical analyses; hence, it is difficult to make 

conclusions about the direction and strength of the 

relationship between es and visual memory functioning; (2) 

the criteria used for separating these groups were not 

stated; and (3) categorizing the severity of es limits the 

statistical power of reported differences between the 

groups. The study makes conclusions about cognitive 

functioning and the severity of CS based on dividing the 

subject pool into four groups of increasing severity. This 

is a questionable procedure in light of the the latter two 

flaws discussed previously. It is interesting to note the 

similarities between the studies by Whelan, et ale (1980) 

and Starkman, et ale (1981, 1981, 1986). It seems apparent 
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that these studies originated from similar data sets, so 

they may represent only one study. A more recent study 

demonstrated a relationship between elevated cortisol, 

memory dysfunction, and hippocampal formation volume in 

adults with CS (Starkman, et al., 1992). This study found 

a significant correlation between hippocampal formation 

volume and verbal paired associate learning, verbal recall, 

and verbal recall corrected for fullscale IQ. 

In summary, it is possible that high levels of cortisol 

do affect memory processes in older adults, but no firm 

conclusions can be drawn from the available data. Research 

which combines endocrinology and neuropsychology is needed 

and must address common methodological problems inherent in 

many studies, such as low sample sizes and poor research 

designs which lead to the use of statistical procedures of 

low power to detect differences between groups. 

The present study attempts to tests the hypothesis that 

anxiety, reflected in physiological and psychological 

measures, is related to impairment in memory systems which 

hypothetically involve the hippocampus in older adults. 



Method 

Subjects 

The subjects were male (N = 77) and female (N = 81), 

independently-living, healthy older adults from a 

retirement community near Tucson (see Table 4). They 

participated in a health fair sponsored by the University 

of Arizona Health Sciences Center. All subjects were 

interviewed and tested in their own homes. 

Psychological and Physiological Measures 
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Subjects were given tests to measure cognitive 

functioning in addition to psychological and physiological 

measures of anxiety. Anxiety was measured by the 

Spielberger State-Trait Anxiety Inventory (STAI) 

(Spielberger, 1983), the Daily Stress Inventory (Brantley, 

Waggoner, Jones, & Rappaport, 1987), and a 24-hour urine 

cortisol sample. Each of these measures taps different 

aspects of anxiety. State anxiety is a measure of 

momentary anxiety, whereas trait anxiety is a measure of 

more stable aspects of anxiety. The Daily Stress Inventory 

measures typical stressors faced each day. Cortisol has 

been shown to be a sensitive biochemical marker for anxiety 

("stress") (Axelrod & Reisine, 1984; Goldberger & Breznitz, 

1993). A 24-hour sample was used to obtain an estimate of 

daily levels of cortisol. This is unlike the DST which 



tests the ability of the AA axis to suppress an 

administration of a synthetic glucocorticoid (cortisol). 
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Learning and memory were measured by the California 

Verbal Learning Test (CVLT) (Delis, Kramer, Kaplan, & Ober, 

1987). The CVLT has been shown to be a reliable, valid, 

and sensitive test for detecting memory impairment in 

various populations, especially older adults (Delis, 

Kramer, Freeland, & Kaplan, 1988; Delis, et al., 1987; 

Delis, et al., 1991; Kramer & Delis, 1991). This test 

provides measures of immediate and delayed free and cued 

recall. The CVLT consists of a 16-word target list which 

contains words from four different semantic categories. 

Included in the test are five learning trials, after each 

of which there is a free-recall trial. This is followed by 

a single presentation of an interference list, which 

consists of 16 words from different semantic categories. 

Next, the subject is asked to recall the original target 

list, first without cuing, then with semantic category 

cuing. A nonverbal interference task (discussed below) was 

used between the short- and long-delay memory measures to 

control for rehearsal strategies that influence the long

delay memory scores. After the 20-minute nonverbal 

distractor task, the subject is asked again to recall the 

original target list without cuing, then with semantic 

category cuing. Lastly, a recognition test is given that 
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include 28 new words mixed among the original 16-item 

targets. Each recall measure is computed by summing the 

number of correct responses of each trial. The recognition 

measure provides a count of correct, incorrect, false 

positive, and false negative responses. 

The nonverbal interference task used between the short

and long-term tasks of the CVLT was the modified version of 

the Wisconsin Card Sorting Test (Hart, Kwentus, Wade, & 

Taylor, 1988). The Wisconsin Card Sorting Test (WCST) 

(Heaton, 1981) is a clinical neuropsychological test of 

conceptual interference and shifting ability. The WCST has 

been shown to be a reliable, valid, and sensitive measure 

of various types of focal (particularly frontal) and 

diffuse cerebral lesions in various populations, including 

older adults (Boone, Ghaffarian, Lesser, Hill-Gutierrez, & 

Berman, 1993; Heaton, 1981). The modified version has been 

used with older adult populations and has been shown to 

reveal differences between normal elderly subjects, those 

suffering from depression, and those with dementia of the 

Alzheimer's type (Bondi, Manseh, Butters, Salman, & 

paulsen, 1993; Hart, et al., 1988). One study has found a 

moderate positive relationship between performance of older 

adults on the standard WCST and the modified version (Greve 

& Smith, 1991). 
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The modified weST administration and scoring procedures 

are the same as those used in the WeST, with only a few 

exceptions (Hart, et al., 1988). Most importantly for this 

experiment, the modified weST uses only the 72 unambiguous 

cards from the weST. This was an important consideration 

in the selection of this test. The deletion of the 

ambiguous cards from the original weST deck simplifies its 

procedure by decreasing the vagueness in feedback given to 

subjects. Hence, using the modified test tends to decrease 

frustration and increase cooperation, in comparison to that 

obtained using the original weST. 

The State-Trait Anxiety Inventory (STAI: Form Y) is a 

40-item self-report measure of anxiety (Spielberger, 1983). 

The first half of the test measures "state" anxiety, (1. e. , 

the amount of anxiety experienced at the present moment). 

The second half of the test measures more stable aspects of 

anxiety or "trait" anxiety. The STAr is almost 30 years 

old and has been shown to be a valid and reliable 

instrument in many populations, including older adults 

(patterson, O'Sullivan, & Spielberger, 1980; Spielberger, 

1983) • 

This study administered the state version of the STAr 

(which is sensitive to changes in affect over a brief 

period of time) twice. Test-retest correlations over a 

period of 104 days for college students ranged from .31 to 
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.33 for state anxiety, whereas it was .73 to .77 for trait 

anxiety (Spielberger, 1983). In the same population, one 

hour test-retest correlations ranged from .16 to .33 for 

state anxiety and .76 to .84 for trait anxiety 

(Spielberger, 1983). Hence, the state measure appears 

sensitive to changes in anxiety over a brief period of 

time. 

The Daily Stress Inventory (DSI) (Brantley, et al., 

1987) is a 58-item anxiety inventory which asks subjects to 

rate the impact of the stressors they experience in a 24-

hour period on a 7-pojnt Likert-type scale. This measure 

provides a sum of the impact ratings provided by each item 

endorsed. The DSI has been shown to provide a reliable and 

valid assessment of the sources and magnitude of minor 

stressful events in various populations, such as those 

people suffering from asthma, headaches, and diabetes 

(Brantley, Cocke, Jones, & Goreczny, 1988a; Brantley, 

Dietz, MCKnight, Jones, & Tulley, 1988b; Brantley, et al., 

1987; Brantley & Jones, 1993). 

24-hour urinary-free cortisol samples were collected on 

the day prior to the cognitive testing. Subjects were 

asked to begin collecting specimens after their first void 

of the morning and to continue collecting every void for 

the next 24 hours. Specimens were kept refrigerated 

between voids. The specimens were collected the next day 
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after testing and put on ice until they arrived at the 

laboratory. Urine samples were measured for weight and 

volume and then frozen for subsequent analysis by 

radioimmunoassay kit (Diagnostics Products Corporation, Los 

Angeles, CA) at the USDA Human Nutrition Research Center on 

Aging at Tufts University. Cortisol excretion is expressed 

in terms of micrograms per deciliter. 

Procedure 

Subjects completed the DSI one day prior to cognitive 

testing. The urine specimens were collected from each 

subject in the 24-hour period prior to the STAI and 

cognitive testing. Immediately after the STAI and 

cognitive testing, the urine specimens were put on ice, 

transferred to a laboratory where they were processed, 

frozen, and shipped to another laboratory for cortisol 

assays to be performed. 

Subjects were given the anxiety and cognitive measures 

in their homes. First, the state and trait version of the 

STAI-Y was administered to provide a measure of anxiety 

prior to cognitive testing. Next, the CVLT was 

administered. Between administration of the immediate- and 

delayed-recall subtests of the CVLT, the modified Wisconsin 

Card Sorting Test was given as an interference task. The 

interference task was repeated, if necessary, until at 

least 20 minutes had passed between the immediate and 
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delayed memory subtests of the CVLT. After the 

interference task, the remaining subtests of the CVLT were 

given. Finally, the state version of the STAI-Y was 

administered again to provide a measure of anxiety after 

cognitive testing. 
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Results 

Table 5 lists the descriptive statistics for each 

measure. Initial inspection of the data revealed a few 

peculiarities. Some of the STAls were completed in ways 

which suggested some subjects were not paying attention to 

the content of the questions. For example, some subjects 

indicated the response livery much so" to two opposing 

statements such as "I feel at ease" and "I feel strained." 

If a subject used the same response to six or more 

sequential questions in either the state or trait 

inventory, then it was presumed the subject was not giving 

sufficient attention to the task and that subject's score 

was deleted. Between the three STAI scales, those cases 

deleted due to patterns of apparent perseveration accounted 

for between 8 and 9% of the total number of subjects. 

A multiple regression analysis (MRA) was used to 

determine the degree to which the measures of anxiety 

relate to performance on a composite measure of long-term 

memory. MRA requires that no missing data exist in any 

subject's variables, in order for that subject to be 

included in the analyses. To avoid entirely losing a case 

in the analyses because of a missing data point for one of 

the subject's variables, the mean of each variable was 

substituted for missing data for that variable. This is an 

acceptable procedure to use when the missing data account 
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for less than 10% of the data for each variable used in the 

analyses (Cohen & Cohen, 1975; Tabachnick & Fidell, 1989). 

The disadvantage of this procedure is that variance is 

reduced, hence, the correlation between variables may also 

be reduced. Those variables affected by missing values 

were compared with and without substitution. Descriptive 

statistics of these variables in Table 6 indicate that the 

differences between variable means (with and without 

substitution) are small. Hence, the missing data probably 

occurred at random. 

A strong positive skew in all the measures of anxiety 

were found. To minimize skewness in each variable within 

the data analyses, two different transformations were used. 

Table 7 shows the skewness measures before and after 

transformation. Skewness decreases as values approach 

zero. A reciprocal transformation was used on the state 

and trait measures of anxiety and a log transformation was 

used on the DSI and cortisol measures because these 

respective transformations brought skewness closer to zero, 

allowing the transformed variables to become more normal 

and better satisfy the conditions assumed for MRA. 

Since measures of secondary memory have been shown to 

be sensitive to memory decline in older adults, the 

secondary memory measures of the CVLT were chosen. A high 

correlation between the cued and free recall long-term 
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memory subtests from the CVLT was found (r = .85, P < .01). 

The cued and free recall long-term memory subtests were 

analyzed utilizing a principal components analysis and it 

yielded a factor with an eigenvalue of 1.85. The factor 

score derived from combining the data from those two 

subtests was used as a composite measure of long-term 

memory. Factor loadings for each variable were 0.96, and 

the percentage of variance explained by the factor was 

92.72. 

Although the structure and function of the 

andrenocortical axis are not significantly different as 

people age, there have been studies which have found gender 

differences in older adults (Halbreich, Asnis, Zumoff, 

Nathan, & Shindledecker, 1984; Halbreich & Goldstein, 

1987). In addition, CVLT scores have been found to be 

affected by gender and education level (Delis, et al., 

1987). Hence, gender and education were included as 

predictors of memory performance in the analysis. Age, 

gender, education, and the transformed anxiety variables 

(state anxiety before and after testing, trait anxiety, 

DSI, cortisol) were regressed on the new composite long

term memory factor. The descriptive characteristics for 

these variables are shown in Table 8. A correlation matrix 

for these variables is shown in Table 9. 
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Statistical analyses were conducted using the computer 

software SYSTAT (Macintosh computer; version 5.2; 1992). 

An MRA was performed to determine how age, gender, 

education, and different measures of anxiety (STAI-state 

and trait, DSI, logarithmic transformation of cortisol) 

related to the composite verbal memory score. Overall, the 

analysis showed that the predictor variables together 

accounted for a significant amount of the memory score 

variance, R2 = .54; F (8, 149) = 7.72, p < .01. The 

variables age, gender, and education made significant 

contributions to the variance accounted for by the 

analysis. 

Since age is known to negatively affect memory scores, 

a forward, step-wise MRA was used to determine the effects 

of the anxiety variables on long-term memory scores with 

the influence of age partialed out of the equation first. 

Results of the analysis were significant, R2 = .52; F (3, 

154) = 19.30, p < .01. Only the variables age (r = -.31, P 

< .01), gender (r = .33, P < .01), and education (r = .25, 

P < .01) entered into the step-wise equation (see Table 

10). Hence, the only variables which had a significant 

relationship to the long-term memory factor after the 

effects of age were partialed out were gender and 

education. 
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Sapolsky (1993) theorized that the effects of perceived 

stress (anxiety) on memory in humans may be found primarily 

in older adults over the age of 80 because the functioning 

of their AA axis may be more prone to disregulation due to 

their advanced age. To investigate this, a subset of older 

subjects was analyzed using multiple regression. This 

subset was comprised of subjects whose age was above one 

standard deviation of the average age of the entire sample. 

Their characteristics are seen in Table 11. 

An MRA was used to measure the relationship of the 

transformed anxiety variables, gender, and education to the 

composite long-term memory score. The MRA analysis showed 

the predictor variables to account for a significant amount 

of memory score variance significant, R2 = .73; F (7, 19) 

3.02, P < .03. However, none of the individual variables 

were significant (i.e. p < .05). The variable closest to 

significance was education (r = .38, P < .051). It is 

possible that the regression equation was either 

overidentified or there was a high interrelationship among 

the variables. To correct for this, a principal components 

factor analysis was performed to determine if the variables 

were accounting for the same variance in long-term memory 

performance. 

The principal components factor analysis revealed that 

the transformed, paper-and-pencil (subjective) measures of 
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anxiety yielded one factor with an eigenvalue of 2.38 (see 

Table 12). 

Hence, each of those measures was estimating a single 

factor. The percentage of variance explained by the 

subjective anxiety factor was 31.03. The scores derived 

from combining the data from those four subtests (BSINV, 

ASINV, ATINV, and DSLOG) into a single factor were used as 

a composite measure of perceived anxiety. 

An MRA was then used to examine the relationship of the 

composite perceived anxiety score, gender, and education. 

Gender, education, the perceived anxiety score, and the 

logarithmic transformation of cortisol, gender, and 

education were regressed on the long-term memory factor in 

the subset of aged adults. Results of the analysis were 

significant, R2 = .65; F (4, 22) = 4.10, P < .01 (see Table 

13). The perceived anxiety factor s~ore (r = -.48, P < 

.01) and education (r = .44, P < .02) were significant. 

Gender approached significance (r = .36, P < .054). 
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Discussion 

Results of this study suggest that in the full group of 

healthy, older adult volunteers presently studied, the 

experience of anxiety as measured by the instruments in 

this study does not significantly affect performance on a 

measure of long-term memory (LTM). Age itself accounted 

for most of the variation in LTM scores, followed by gender 

and education, respectively. However, the effect of 

anxiety as measured by a composite of paper-and-pencil 

instruments on LTM scores was apparent in an aged subgroup 

of older adults. In neither sample was the 24-hour measure 

of cortisol found to be a significant predictor of LTM 

scores. 

The paper-and-pencil measures of anxiety did not 

predict LTM scores in the full sample of subjects. Various 

factors may have led to their low correlation with LTM 

scores. Each measure used in this study had its own 

limitations. For example, the measures of short- and long

term memory from the CVLT were highly correlated among each 

other in the sample of this study (see Table 14). 

Because there was not enough separation between the 

measures, only one composite measure of memory was 

assessed. Hence, it could not be determined in this study 

if anxiety affected short- or long-delay memory, as 

measured by the CVLT, differentially. This study used a 
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relatively healthy sample of people who, due to their good 

health, may have similar levels of overall brain integrity. 

Because they were healthy individuals, there may not have 

been enough variation in their memory scores to permit 

clear association with the anxiety measures to emerge. 

The raw scores of the CVLT in this study were strongly 

influenced by age, educational status, and gender. This 

finding is not surprising because age and gender were found 

to influence CVLT scores significantly in the normatization 

sample (Delis, et al., 1987). 

The DSI itself possessed a confound for this study. 

The DSI requires the subject to rate a series of events 

which most people find stressful over a 24-hour period. 

Thus, the precision with which this measure is completed by 

the subject is dependent upon the integrity of the 

subject's memory. The number and intensity of stressful 

situations measured by the DSI are dependent on an 

individual remembering them well. For example, someone may 

have experienced a number of stressful situations, but 

forgets to record them all. Hence, their score may 

underestimate the number of stressful experiences they had 

that day. As a result, the DSI as a measure of daily 

anxiety is only as good as the memory of the subject 

completing the instrument. Because the use of memory 

itself is inherent in most paper-and-pencil instruments, it 
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may have been better to have the subjects fill out the DSI 

on an hourly basis to minimize forgetting. 

The STAI does not put the same kind of demand on memory 

as the DSI (for recent events), but the format of the STAI 

seemed to be confusing to some subjects. As stated in the 

results section, some subjects voiced concerns during the 

testing about having trouble with the wording of some of 

the items on the STAI. Also, some subjects apparently did 

not pay attention to the content of the questions and 

responded to similar questions with very different answers. 

Various factors may have affected the cortisol measure, 

rendering it a poor predictor of LTM function. First, the 

sample of cortisol taken may not have been reflective of a 

typical day of each subject. Brantley, Dietz, MCKnight, 

Jones, & Tulley (1988b) found that when comparing the DSI 

to 24-hour cortisol measures, the first day's collection of 

cortisol was not correlated with the DSI. However, 

collections on subsequent days showed a significant 

relationship. In the present study, the correlation 

between the log transformations of the DSI and cortisol was 

not significant (r = -0.004, p < .961). Hence, subsequent 

multiple measurements of urinary cortisol may have given a 

better measure of the subjects' AA functioning which could 

have been related to the DSI. 
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Second, the health status of the pool of subjects was 

not compromised by major ailments. As stated earlier, 

Sapolsky (1990) believes that aged people have normal 

feedback sensitivity in the AA, but they are close to the 

threshold at which resistance to increased levels of 

cortisol occurs. He stated that it would take more than 

one disorder to occur in an individual, or one disorder in 

addition to being aged, to compromise the dynamic status of 

the AA. However, the present study used relatively healthy 

individuals and did not measure the dynamic status of the 

AA in older adults. The basal concentrations of cortisol 

were not significantly elevated in the full sample of this 

study, so the subjects' good health may account, in part, 

for not finding a relationship between 24-hour cortisol 

secretion and memory. Lupien, et al. (1994) found similar 

cognitive performance between healthy young adults and aged 

subjects with decreasing levels of cortisol over time or 

current moderate basal levels of cortisol. However, a 

relationship existed between aged subjects with high basal 

levels of cortisol or increasing levels of cortisol over 

time and their test scores of selective attention and 

explicit memory. Future studies should measure the dynamic 

status of the AA in healthy older adults and those who are 

suffering from illnesses which compromise the AA. 
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The effect of anxiety on LTM, as measured by a 

composite of paper-and-pencil instruments, was observed in 

the oldest subgroup of older adults in the present study. 

Because of the relatively small number of subjects in this 

subsample, it is not possible to draw any firm conclusions 

concerning the relationship between LTM and subjective 

measures of anxiety. Future research with larger samples 

of older adults is needed to better determine the strength 

of the relationship between LTM and subjective measures of 

anxiety and to determine those subjective measures of 

anxiety which best predict LTM scores. 

Cortisol did not correlate significantly with the 

memory measures in either sample of subjects. However, 

cortisol is only one of a number of physiological markers 

of anxiety. Other substances that are involved in the AA 

have been used to study response to anxiety (e.g. NE and E) 

and their use in this study could have proved better 

predictors of verbal memory scores. Also, this study could 

have been strengthened by obtaining other 

psychophysiological measures at the time of cognitive 

testing or during the day in which cortisol was collected. 

Galvanic skin response, peripheral blood temperature, and 

electromyograph recordings are examples of 

psychophysiological measures that have been used in 
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research to measure an individual's response to a stressor 

(Tunks & Bellissimo, 1991). 

It is apparent that to establish the link between 

anxiety, hippocampal dysfunction, and memory impairment in 

older adults, a number of factors must be considered in 

study design. To experimentally demonstrate the link 

between anxiety and hippocampal damage, a subject would 

need to be exposed to something perceived as highly 

anxiety-provoking in order to sustain damage to hippocampal 

neurons. This would necessitate measuring variables such 

as the degree to which one perceives the stimuli to be 

anxiety-provoking, the length of time in which a subject is 

exposed to the anxiety-provoking stimulus, and 

neurophysiological changes in hippocampal neurons as a 

result of exposing the subject to the anxiety-producing 

situation. Since the human AA is rather resilient in 

people into their 70s, the intensity and/or duration of the 

stimulus to be used would have to be high if damage were to 

occur. However, ethical principals \'lOuld preclude 

performing such a study. More creative ways are needed to 

measure the link between perceived anxiety, hippocampal 

damage, and memory loss. Until then, our best indicators 

are indirect ones, such as measuring the effects of 

perceived anxiety from extremely traumatic events (e.g .. 

torture, natural disasters, combat stress) on memory 



functioning or measuring stressful life events or daily 

anxiety and memory functioning on a longitudinal basis in 

older adults. 
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Older adults of advanced age (e.g. over 80) seem to be 

at the threshold for feedback resistance, especially if 

they have a co-existing medical condition which compromises 

the AA (Sapolsky, 1993). Studying memory and the degree of 

perceived anxiety in a population of older adults with a 

co-existing medical condition which compromises the AA may 

provide some insight into self-reported anxiety levels in 

relationship to memory. In conjunction with these self

report measures, psychophysiological measures should also 

be obtained. A series of 24-hour cortisol collections 

before and after the exposure of the anxiety-provoking 

stimuli would provide a clearer profile of the typical 

basal concentrations of cortisol in an individual. Also, a 

dynamic measure of cortisol could be obtained through a PET 

scan which could measure the manner in which the 

hippocampus binds to tagged cortisol before, during, and 

after the presentation of the stressor. 

Another important issue that future research needs to 

address is the type of memory studied when attempting to 

understand the effects on memory when the hippocampus is 

compromised by the AA. For example, Lupien, et al. (1994) 

found a relationship between high basal cortisol levels in 
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aged adults and decreased scoring only on tests of 

selective attention and explicit memory. Hence, the type 

of memory measured may be important in understanding the 

discrete location of hippocampal functioning impaired by 

high levels of cortisol. The right hippocampus and left 

hippocampus are important for the memory of visual-spatial 

material and verbal material, respectively (Kolb & Whishaw, 

1990). The current study only measured verbal memory. The 

measurement of pictorial memory may have provided 

information needed to determine the extent that the right 

hippocampus is affected by high levels of cortisol. A more 

comprehensive assessment of memory functioning is needed to 

better understand the impact of prolonged exposure to high 

levels of cortisol on hippocampal functioning. 

Sapolsky (1993) considered two other ways of studying 

the relationship between hippocampal damage and anxiety: 

(1) measuring the relationship between one having a history 

of difficulty coping with anxiety and the development of a 

disease which directly compromises the hippocampus (e.g. 

Alzheimer's disease), or; (2) studying the effects of 

glucocorticoid overexposure in individuals who already have 

Alzheimer's disease. No studies have systematically 

examined the former question. However, Cushingoid patients 

and concentration camp survivors have been shown, by case 

study, to exhibit cognitive deficits suggestive of 



hippocampal dysfunction (Collu, Brown, & van Loon, 1988; 

Thygesen, Harmann, & Willanger, 1970). 
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Sapolsky (1993) has found some evidence to support t.he 

idea that glucocorticoid overexposure may lead to an 

exacerbation of damage in the hippocampus of individuals 

who already suffer from a disease that affects the 

hippocampus, such as Alzheimer's disease. He cited 

research that has shown glucocorticoids influence the 

neurological systems that use excitatory amino acid 

neurotransmitters (EAAs). EAAs are being explored as 

another type of chemical used in neurocommunication, 

especially in the hippocampus where their receptors have a 

high concentration (Cotman et al., 1989, 1987, cited in 

Sapolsky, 1993). EAAs have been found to be a marker of 

neurofibrillary tangles which are associated with 

neurodegenerative diseases such as Alzheimer's (Mattson, 

1990, cited in Sapolsky, 1993). A protein which initiates 

the production of tangles is induced by EAAs and calcium 

(Shigematsu et al., 1991, cited in Sapolsky, 1993). 

Evidence has been described by Sapolsky (1993) to link the 

mechanisms involved in the toxicity of tangles, EAAs, and 

other types of insults to the structural integrity of the 

hippocampus, such as hypoglycemia and oxygen radicals. 

Hence, one manner in which glucocorticoids may exert their 

effects on the hippocampus is indirectly via EAAs. 
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Research concerning anxiety, memory, and aging has 

clinical implications for improving the well-being of older 

adults (over 80) who are suffering from conditions that may 

compromise the AA. Training in anxiety management may help 

individuals of advanced age by improving some aspects of 

their memory functioning through anxiety reduction 

(Yesavage, Rose, & Spiegel, 1982). Memory performance has 

been shown to be influenced by affect (Caine, 1990~ 

Mandler, 1993). By practicing anxiety-reduction 

techniques, memory performance may improve because 

attention is diverted from worrisome thoughts to 

concentrate on the task of retrieving data. There may also 

be long-term benefits to practicing anxiety-reducing 

techniques on a frequent basis. Future studies would be 

needed to assess whether the prolonged use of anxiety 

reduction skills "protects" the integrity of the 

hippocampus to maintain higher levels of cognitive 

functioning as adults increase in age. 

This study did not find a relationship between 

perceived anxiety, urinary cortisol levels, and memory 

functioning in older adults who are relatively healthy. 

Future studies should assess perceived anxiety and memory 

functioning in subpopulations of older adults, for example, 

those who are over 80 years old and those with co-existing 

medical conditions which compromise the AA. Also, memory 
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measures need to be chosen which tap different aspects of 

memory and the influence of demographic variables such as 

age, education, or gender should be minimized. In order to 

obtain the best measurement, measures of anxiety need to 

minimize confounds with the type of memory being measured 

and confusion on the part of the older adult taking the 

test. Physiological measures of anxiety need to be varied, 

assessed longitudinally, and should be taken to measure 

both the basal and dynamic status of the AA. 

As stated at the beginning of this paper, the 

percentage of older adults in our country will increase 

dramatically in the following decades. It is important 

that research addresses the relationships between memory, 

anxiety, and aging to improve the quality of life and care 

for older adults in the future. 



APPENDIX A 

Figure 1. A model of anxiety as a complex psychobiological process. 
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Figure 2 • A schematic diagram of the adrenocortical axis • 
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Figure 3. Glucocorticoid cascade hypothesis. 
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APPENDIX B 

Table 1 

studieB MeaBuring Memory and the Dynamic status of the Adrenocortical AXis 

PI Yoar 

caine 1904 

HD AD CS 
criteria 

RDC/SADS 

Davis 1906b> DSM-III 

Georgotas 1904 DSM-III 
RDC/ShDSI 

NI 

Georgotas 1906 DSM-III 
RDC/SADS; 

NI 

Greenwald 1906 DSM-III 

Lawlor 1992b> NINCDS-

Pomara 1904 

silberman 1905 

wauthy 1991 

winokur 1907 

Wolkowitz 1990 

ADRDA 

DSM-III 

DSM-III 
SADS 

DSM-III 

DSM-III 
ICD-9 

DSM-III 

Groups 
(subjects) 

HD (20) 
C (19) 

AD (14) 

ED (12) 
NED (10) 

AD (10) 
MD (66) 
C (25) 

AD (20) 

AD (29) 

AD (10) 
C (14) 

HD (27) 
C (16) 

Ages Per 
Group 

(40.4 14.5) 
(39.2 t 14.5) 

NR 

(72.0 t 1.49) 
(60.3 1.20) 

(69.72 t 7.51) 
(6'1.41 t 7.07) 
(66.00 t 6.05) 

63.7 t 7.5 

NR 

(69.6 t 2.4) 
(70.7 t 2.7) 

(32.4 t 9.3) 
(20.0 t 6.7) 

MD (13) (45.9 t 10.6) 
BPD (3) 

Mixed NR 
Diagnoses 

(MD and PD] 
(423) 

HD (21) NR 
C (12) 

Gender 
(P/M) 
Ratio 

( 11/9) 
(NR) 

NR 

(6/6) 
(13/5) 

(7/11) 
(43/23) 
(15/10) 

(6/16) 

NR 

NR 

(19/0) 
(10/6 ) 

(10/6) 

NR 

NR 

Education criteria 
of Memory 
Deficit 

(12.0 
(12.7 

NR 

NR 

NR 

NR 

NR 

NR 

(14.1 
(15.3 

2.2) 
2.9) 

DVRI SR 
IVRI 

DviRI 

MIT 

GMT; MFFI 
MPLN 

GMT 

MIT 

MIT 

MIT 

3.0) IVFR; VOR 
2.6) 

Approx. 0.0 Rey PRH 

NR Memory 
defect at 
admission 

NR DVR 

~. PI. primary Invootigator; MD: Major Depression; AD: Alzheimer's Disease; CS: 
cushing'S Syndrome; c. controls; BPD: Bi-polar Disorder; PDt psychotic Depression 

RDC. Research Diagnostic criteria; SADS: Schedule of hffective Dioorders; DSM-III: 
Diagnostic and statiotical Manual of Mental Disorders (3rd ed.); NI: Newcastle Index; 
NINCDS-ADRDA: National Institute of Neurological and communicative Disorders and Stroke
Alzheimer's Disease and Related Disorders; ICD-9. International Classification of Diseases-9 

ED: Endogenous Depresoion; NED: Nonendogenous Depression 

DVR. Delayed verbal Recall; SR, story Recognition; IVR: Immediate Visual Recall; DviR: 
Delayed visual Recall; MIT. Memory and Information Test; GMT: Guild Memory Test; MFP: Memory 
for Paces; HPLN: Memory for Pirst-Last Names; IVPR: Immediate Verbal Pree Recall; VORl 
Verbal Delayed Recognitionl Rey PRH: Rey Profile of Memory; VPR: Verbal pree Recall; DVRn. 
Delayed Verbal Recognition; NA: Not hpplicable; NR: Not Reported 

> Indicates a seplU'ate study within the same article 
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'l'able 2 

PS'l' Technical specifications in Studies Measuring the Dynamic statuo of the Adrenocortical 
ax.u 

PI Year Admin. Post-DS'l' Dosage suppression Medicationo 
'l'ime (Dynamic) Definition During 'l'esting 

caine 1984 11130 p.m. 4 & 1 mg , ug/dl Free of drugs known 
11100 p.m. to affect DS'l' results 

(e.g. tlurazepam) 
3 to 7 days 

prior to testing 

Davis, II. 1906b* 11100 p.m. 8 a.m., 1 mg 5 ug/dl Drug free 2 weeks 
4 & 11 p.m. prior to testing 

Georgotas 1984 11100 p.m. 4100 p.m. mg ., ug/dl Nortriptyline 

Georgotao 1986 11100 p.m. 4100 p.m. mg , ug/dl Drug free 7 days 
prior to teoting 

Greenwald 1986 11100 p.m. 8 a.m., mg 5 ug/dl Drug free 2 weeko , 11 p.m. prior to teoting 

Lawlor 1992b 11100 p.m. 8 a.m., 1 mg NR Drug free 3 weeks 
12, 4 & prior to testing 
11 p.m. 

Pomara 1984 11100 p.m. 8-9100 a.m. .5 mg NR NR 

Silberman 1985 11130 a.m. 4100 p.m. 1 mg ug/dl Five subjects on 
anti-depressanto 

(imipramine; 
amoxapine; 
doxepin; 

desipramine) 

Wauthy 1991 11100 p.m. 4100 p.m. 1 mg , ug/dl NR 

winokur 1987 NR 8 a.m. and/or NR x :5 1.5 or NR 
4 p.m. x ~ 6.0 

Wolkowitz 1990a 12100 a.m. 8100 a.m. or 1 mg 5 ug/dl Drug free 
4 or 11100 p.m. 1 week 

prior to 
testing 

~. PII primary Inveotigator; NRI Not Reported 



Table 3 

studies Measuring Memory and the Basal status of the Adrenocortical AXis 

PI Year HD lID CS Groups Ages Per Gander (F/M) Education Memory 
criteria (subjects) Group Ratio Tests 

Starkman 1981 MC SG (35) (35.0) (28/7) NR MSE·· 

starkman 198 lb. MC SG (35) (35.0) (28/7) NR MSB·· 

starkman 1986 MC SG (35) (35.0) (28/7) (12.6) BVRT; 
HUS; MSIl· 

starkman 1992 HRI CS (12) (37.3) (10/2) NR WHS-R··· 
C (1 ) WAIS-R···* 

Whelan 1980 MC 4 groups I (35.0) (28/7) (12.6) BVRT; HUS 
(13) ; (10) ; 

(8); (4 ) 

~. PII primary Investigator; HDI Major Depression; BPDI Bi-Po1ar Disorder; lID I 
Alzheimer's Disease; CSI cushing'S syndrome; SGI Single Group; CI Controls 
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DSM-IIII Diagnostic and statistical Manual of Mental Disorders (3rd ed.); NINCDS-IIDRDAI 
National Institute of Nellrological and Communicative Disorders and Stroke-Alzheimer' s 
Disease and Related Disorders; MCI Multiple criteria (baseline cortisol and ACTH levels and 
ACTH response to dexamethasone suppression and metyrapone stimulation; HRII Magnetic 
Resonance Imaging of hippocampal volume; NAI Not Applicable; NRI Not Reported 

MITI Memory and Information Test; DRSI Dementia Rating Scale; BDSI Blessed Dementia Scale; 
MSBI Mental Status Exam; BVRTI Benton visual Retention Test; HUSI Memory for Unrelated 
sentences; Rey PRMI Rey Memory profile; VFRI Verbal Free Recall; DVRnl Delayed Verbal 
Recognition 

• Indicates a separate study within the same article 
•• Recall 3 presidents and 3 cities after 15 minutes 

••• WHS-RI Russell version of the IIMS 
•••• WAIS-RI Wechsler Adult Intelligence Test-Revised was used to correct for 

educstion levels 
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Table 4 

Age and Education of Older Adult Sample 

Males (N = 77) 

Age Education 

Ii 70.885 15.776 

SD 6.864 2.838 

Females (N 81) 

Age Education 

Ii 68.259 14.617 

SD 7.561 2.700 
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Table 5 

Descriptive Statistics 

N Mean SD 

STAI-State-Before 159 29.006 7.630 

STAI-State-After 159 29.975 9.696 

STAI-Trait 159 31.126 8.466 

DSI 159 25.874 18.971 

Cortisol 159 52.008 40.083 

CVLT-Total 158 49.462 9.977 

CVLT-Trial 1 158 7.044 1.903 

CVLT-Trial 5 158 11.576 2.400 

CVLT-List B 158 6.563 1.985 

CVLT-Short-delay Free Recall 158 9.728 3.047 

CVLT-Short-delay Cued Recall 158 11.449 2.543 

CVLT-Long-delay Free Recall 158 10.810 3.081 

CVLT-Long-delay Cued Recall 158 11.677 2.829 

MWCST-Perseverative Errors 150 7.373 9.375 

MWCST-Categories 150 4.900 1. 725 

MWCST-Failure to Maintain Set 150 1. 360 1.396 

Note. STAI = Spielberger State-Trait Anxiety Inventory; 

CVLT = California Verbal Learning Test; MWCST = Modified 

Wisconsin Card Sorting test 



80 

Table 6 

Descriptive Statistics on Missing and Substituted Data 

N Mean SD 

STAI-State (Before Testing) : 

Missing Values 144 29.007 8.021 

Substituted Values 159 29.006 7.630 

STAI-State (After Testing) : 

Missing Values 144 29.972 10.192 

Substituted Values 159 29.975 9.696 

STAI-Trait (Before Testing) : 

Missing Values 146 31.137 8.837 

Substituted Values 159 31.126 8.466 



Table 7 

Skewness Values of Stress Variables Before and After 

Transformation 

81 

State State Trait DSI Cortisol 

Anxiety Anxiety Anxiety 

"B" "A" "A" 

Before 

Transformation 1.940 1.862 1.425 1.162 2.695 

After Reciprocal 

Transformation 0.046 -0.113 0.134 4.861 1. 950 

After Log 

Transformation 0.636 0.784 0.566 -0.646 0.231 

Note. "B" (Before memory testing); "A" (After memory 

testing) 



Table 8 

Descriptive Statistics of Older Adult Sample After 

Transformation 

Males (N = 77) 

BSINV ASINV ATINV DSLOG 

M. 0.036 0.036 0.035 1.186 

SD 0.008 0.010 0.008 0.407 

Females (N = 81) 

BSINV ASINV ATINV DSLOG 

M. 0.036 0.036 0.034 1. 370 

SD 0.008 0.009 0.008 0.315 

Note. BSINV = State Anxiety, before testing, inverse 

transformation; ASINV = State Anxiety, after testing, 

inverse transformation; ATINV = Trait Anxiety, after 

testing, inverse transformation; DSLOG = Daily Stress 

Inventory, log transformation; COLOG = Cortisol, log 

transformation 

82 

COLOG 

1. 642 

0.259 

COLOG 

1.610 

0.287 
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Table 9 

Correlation Matrix of Substituted and Transformed Variables 

PEARSON CORRELATION MATRIX 

AGE GENDER EDUC LTMF BSINV 
AGE 1. 000 

GENDER -0.177 1. 000 
EDUC -0.000 -0.205 1.000 
LTMF -0.371 0.338 0.179 1. 000 

BSINV -0.014 -0.117 0.091 -0.092 1. 000 
ASINV -0.124 -0.004 0.108 0.092 0.636 
ATINV -0.066 -0.101 0.005 -0.047 0.485 
DSLOG -0.047 0.138 0.095 0.155 -0.437 
COLOG -0.003 -0.302 -0.037 -0.094 -0.024 

ASINV ATINV DSLOG COLOG 
ASINV 1.000 
ATINV 0.431 1. 000 
DSLOG -0.328 -0.393 1. 000 
COLOG 0.066 -0.048 0.002 1.000 

BARTLETT CHI-SQUARE STATISTIC: 270.333 OF .. 36 PROB .. 0.000 

MATRIX OF PROBABILITIES 

AGE GENDER EDUCA LTMF BSINV 
AGE 0.000 

GENDER 0.026 0.000 
EDUC 0.999 0.010 0.000 
LTMF 0.000 0.000 0.024 0.000 

BSINV 0.865 0.143 0.254 0.253 0.000 
ASINV 0.119 0.958 0.178 0.251 0.000 
ATINV 0.409 0.207 0.953 0.558 0.000 
DSLOG 0.557 0.083 0.235 0.053 0.000 
COLOG 0.974 0.000 0.648 0.241 0.767 

ASINV ATINV DSLOG COLOG 
ASINV 0.000 
ATINV 0.000 0.000 
DSLOG 0.000 0.000 0.000 
COLOG 0.412 0.553 0.981 0.000 

Note. EDUC .. Education; LTMF .. Long-term Memory Factor; BSINV .. State Anxiety, 
Before Testing, Inverse Transformation; ASINV .. State Anxiety, After Testing, 
Inverse Transformation; ATINV .. Trait Anxiety, After Testing, Inverse 
Transformation; DSLOG .. Daily Stress Inventory, Log Transformation; COLOG .. 
Cortisol, Log Transformation 
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Table 10 

Step-wise Regression Analysis in Long-term Memory Factor 

variable C Std. E Std. C Tolerance t p(2 Tail) 

Const 0.618 0.857 0.000 0.721 0.472 

Age -0.043 0.010 -0.312 0.967 -4.467 0.000 

Gender 0.666 0.142 0.334 0.927 4.680 0.000 

Educ 0.088 0.025 0.248 0.957 3.528 0.001 

Analysis of Variance 

Source SS df MS F P 

Regression 42.900 3 14.300 19.298 0.000 

Residual 114.113 154 0.741 

Note. C = Coefficient; Std. E = Standard Error; Std. C = 

Standard Coefficient; Const = Constant; Educ = Education 



Table 11 

Descriptive Statistics of Older Adult Sub-sample 

Males (N = 16) 

Age Educ BSINV ASINV ATINV DSLOG 

M. 80.625 16.781 0.036 0.035 0.034 1.261 

SD 2.895 3.619 0.008 0.010 0.006 0.326 

Females (N = 11) 

Age Educ BSINV ASINV ATINV DSLOG 

M. 80.000 14.182 0.035 0.031 0.035 1.288 

SD 2.280 3.763 0.010 0.011 0.006 0.392 

Note. BSINV = State Anxiety, before testing, inverse 

transformation; ASINV = State Anxiety, after testing, 

inverse transformation; ATINV = Trait Anxiety, after 

testing, inverse transformation; DSLOG = Daily Stress 

Inventory, log transformation; COLOG 

transformation; Educ = Education 

Cortisol, log 
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COLOG 

1.654 

0.235 

COLOG 

1.581 

0.202 
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Table 12 
Principal Components Analysis of Older Adult Sub-sample 

Latentroots (Eigenvalues) 
1 2 3 

2.376 1.499 1.144 
4 

0.793 
5 

0.694 
Rotated Loadings 

Anxiety 
Factor 

Gender 0.006 
Education 0.044 
BSINV 0.886 
ASINV 0.727 
ATINV 0.639 
DSLOG -0.664 
COLOG -0.094 
Variance Explained By 

Anxiety 

Gender/Education 
Factor 
-0.781 

0.814 
0.161 
0.341 

-0.181 
0.013 

-0.019 
Rotated Components 

Gender/Education 
Factor 
1.450 

Percent of Total Variance Explained 

Factor 
2.172 

Anxiety 
Factor 
31. 034 

Gender/Education 
Factor 
20.712 

6 
0.331 

Cortisol 
Factor 
0.188 
0.203 
0.218 

-0.389 
0.024 

-0.486 
-0.941 

Cortisol 
Factor 
1. 398 

Cortisol 
Factor 
19.968 

Note. BSINV = State Anxiety, before testing, inverse 
transformation; ASINV = State Anxiety, after testing, 
inverse transformation; ATINV = Trait Anxiety, after 
testing, inverse transformation; DSLOG = Daily Stress 
Inventory, log transformation; COLOG = Cortisol, log 
transformation 

7 
0.162 
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Table 13 

Multiple Regression Analysis on Long-term Memory Factor in 

a Subset of Older Adults 

Variable C Std. E Std. C Tolerance t p 

Const -3.075 1. 720 0.000 -1. 788 0.088 

Gender 0.676 0.332 0.360 0.833 2.035 0.054 

Educ 0.109 0.043 0.444 0.833 2.513 0.020 

SF -0.448 0.153 -0.476 0.990 -2.933 0.008 

COLOG -0.057 0.720 -0.014 0.909 -0.080 0.937 

Analysis of Variance 

Source SS df MS F P 

Regression 9.818 4 2.455 4.094 0.013 

Residual 13.191 22 0.600 

Note. C = Coefficient; Std. E = Standard Error; Std. C = 

Standard Coefficient; Const Constant; Educ = Education; 

SF = Stress Factor; COLOG = Cortisol, log transformation 
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Table 14 

Correlations Between Short-term and Long-term Cued and Free 

Recall Measures of the CVLT in Full Sample 

SDFR 

SDCR 

LDFR 

LDCR 

SDFR 

1.000 

0.844 

0.849 

0.813 

SDCR 

1.000 

0.815 

0.838 

LDFR 

1.000 

0.854 

LDCR 

1.000 

Note. SDFR = Short-Delay Free Recall; SDCR = Short-Delay 

Cued Recall; LDFR = Long-Delay Free Recall; LDCR = Long

Delay Cued Recall; CVLT = California Verbal Learning Test 
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