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ABSTRACT 

Olfactory impairment may be a nonspecific early finding 
in Alzheimer's disease. Many late onset depressives progress 
to irreversible dementias, but previous research has not 
identified specific markers for such decline. It was 
hypothesized that depression and olfactory identification 
impairment would predict cognitive loss in the elderly. In 
this study, elderly with and without depression and with and 
without baseline olfactory identification impairment were 
compared to evaluate cognitive changes at six-months and 
relationships between plasma cortisol (CORT) and 
homocysteine (HC) profiles and cognition. 

Subjects were 30 community-dwelling elderly (mean age 
77 ± six years; 77%F/23%M) recruited by newspaper 
advertisement. Some had depression and cognitive 
difficulties, some did not. At baseline and six-month 
follow-up, subjects completed the Geriatric Depression Scale 
(GDS), Alzheimer's Disease Assessment Scale (ADAS), Folstein 
Mini-Mental State Examination (MMSE), Boston Naming Test 
(BNT), Cain Olfactory Identification Test, plasma levels for 
basal 8:00 A.M. CORT, post dexamethasone suppression test 
(DST) CORT, and HC. 

Subjects were divided into four groups based on median 
scores on the GDS (above median meaning depressed) and Cain 
Test (below median meaning impaired olfactory identification 
ability). Normals (NORMALS) had below median GDS scores and 
above median Cain scores, Depressed Only (DEP ONLY)had above 
median GDS scores and above median Cain scores, Olfactory 
Impaired Only (IMP ONLY) had below median GDS scores and 
below median Cain scores, and Depressed Olfactory Impaired 
(DEP/IMP) had above median GDS scores and below median Cain 
scores. 

Depressed subjects (DEP ONLY and DEP/IMP) performed 
significantly worse on baseline MMSE, ADAS and BNT; DEP/IMP 
subjects were the more cognitively impaired at baseline, and 
on follow-up showed a trend towards greater cognitive loss. 

IMP ONLY and DEP/IMP had higher baseline CORT levels 
and tended towards higher HC; furthermore, the DEP/IMP group 
showed the greatest baseline cognitive dysfunction and 
largest six-month loss of cognition. Plasma elevations in 
CORT and HC seem to be associated with olfactory 
identification impairment. Whether or not these elevations 
cause or result in dysfunction of the olfactory system in 
depressed elderly must be the subject for further research. 
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Introduction 

Psychiatric disorders in the elderly are becoming an 

increasing concern as the nation ages. The impact on 

individuals, their families, and society can be devastating, 

and includes loss of independence for both the patient and 

their family, increased health care costs, anxiety and 

depression. At present there is no comprehensive 

understanding of the biological processes by which these 

age-related disorders of thinking occur. 

Alzheimer's disease has been estimated to afflict 

approximately 10% of the population over the age of 65. This 

number increases to 47% in those persons over 85 (Evans, et 

al., 1989). In addition to dementia, depression is one of 

the most common psychiatric problems in the elderly 

(Alexopoulos, 1990). The long term personal, social, and 

economic consequences of psychopathology in the aged are 

difficult to quantify, but are clearly profound. 

Many hypotheses on the etiology of the psychiatric 

illnesses of the aged have been proposed. Few have been put 

forward, however, in the full context of clinical and 

neurobiological knowledge available. Clinical experience and 

laboratory research have provided considerable evidence for 

biochemical alterations in depression and dementia 

(Alexopoulos, 1990). Among recent developments in 

neuroscience are findings that the glucocorticoids, such as 



the IIstress hormone ll cortisol, and certain amino acids are 

neurotoxic in the aging animal. There are suggestions that 

these noxious effects may be generalized to humans 

(Sapolsky, Krey, & McEwen, 1986). 
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In this regard, the clinical literature has adduced 

findings that some of the same neuroactive substances that 

are neurotoxic in animal models are also elevated in humans 

with psychiatric disorders (Alexopoulos, 1990). Taken 

together, this body of evidence may provide a framework for 

research and the possibility of better techniques for early 

diagnosis. This in turn could provide better methods of 

treatment and offset the detrimental consequences of 

psychopathology in an aging society. 

In addition to biological markers and among other 

defined clinical symptoms, neurological signs, e. g., 

sensory loss, can be useful starting points in diagnosing 

certain neuropsychiatric problems in the elderly. Olfactory 

identification impairment may prove to be a useful 

diagnostic marker as the first neurological sign of dementia 

of the Alzheimer's type (Rezek, 1987), although the 

specificity of this sign is questionable. 

Thus far, olfactory identification ability in mixed-age 

samples of depressives has not shown evidence that the same 

marker would be useful in the depressed elderly patient 

(Amsterdam et al., 1987). Yet, depressed elderly, 
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particularly those with a first onset in older age, are at a 

higher risk for developing irreversible dementia than 

nondepressed elderly (Alexopoulos, 1990; Blazer, 1990). The 

underlying mechanisms and early signs of depression and 

dementia appear to be different. However, investigating 

sensory functions and their possible utility as biological 

markers for both disorders might elucidate these underlying 

mechanisms. It is a possibility that excessive olfactory 

loss may be a discriminator of those elderly depressed who 

will go on to develop a dementing process. 

Depression and dementia are heterogeneous disorders, 

and consequently, a common mechanism may not exist. The 

purpose of this study was to evaluate cognitive status and 

cognitive function at baseline and their decline over time 

in depressed elderly with and without olfactory 

identification impairment. In addition, the research further 

investigated plasma cortisol and homocysteine levels as 

possible biological markers of cognitive decline in subjects 

with and without depression and olfactory identification 

impairment. The information gained by the study could 

provide a more concise method by which to evaluate the 

depressed elderly who may be at risk for developing 

progressive dementing illnesses. 



Background and Rationale 

Olfactory Function 

Olfactory identification dysfunction in Alzheimer's 

disease (AD) has been posited as an early sign in the 

neurodegenerative disease process (Rezek, 1987). Olfactory 

identification ability decreases with advancing age, 

whereas, olfactory thresholds increase (Doty, Reyes, & 

Gregor, 1987). The level of impairment in AD, however, is 

significantly more severe than in normal aging. 

12 

Two pathognomonic features of AD are senile or 

"neuritic" plaques, scattered deposits of amorphous material 

having a core of amyloid surrounded by products of 

degenerated parts of neurons, and neurofibrillary tangles, 

which are thick, fibrous, argyrophilic strands within nerve 

cell cytoplasm. Another feature that has been recently 

described is the presence of neuropil "threads." In a paper 

reviewed for this dissertation (Ohm & Braak, 1987), these 

threads were not defined by the investigators. They might be 

fragments of proximal parts ofaxons (Betty Banker, personal 

communication, April 22, 1994); or they could represent 

dissociated amyloid material in the form of insoluble 

threads (Stephen F. Matheson, personal communication, April 

27, 1994). 

All of these neuropathological features of AD have a 

distinctive distribution in the brain, and this holds true 



13 

for the olfactory bulbs and anterior olfactory nuclei as 

well as for other structures. Ohm & Braak (1987) found 

plaques only in the anterior olfactory nucleus. The tangles 

and threads, on the other hand, were found in varying 

degrees of distribution in all layers of the olfactory bulb 

except the outer fibrous layer, where the primary afferents 

enter. Tangles and threads were also found and in greatest 

frequency in the anterior olfactory nucleus, whereas, 

tangles only characterized the olfactory stalk. A fourth 

important neuropathological hallmark of AD, granulovacuolar 

degeneration of neurons, as seen in the pyramidal cell layer 

of the hippocampus, was not found in Ohm & Braak's material, 

but this type of cell change has been described by Averback 

(1983) in the anterior olfactory nucleus. 

The role that these morphological changes and their 

biochemical correlates play in the decline of olfactory 

function in AD patients is unclear. It has been postulated 

that neuron loss or alteration in cell function may 

contribute to the decrease in sensory function. The 

connection between olfactory function and cognitive decline 

in AD is not well understood but is a current focus in 

geriatric research. 

Anatomically, the olfactory bulb projects directly and 

indirectly to many central brain structures (Brodal, 1981). 

Several of these, including the temporal and entorhinal 
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cortex, hippocampus, and amygdala, are reported to have high 

postmortem concentrations of plaques and tangles in AD 

patients (Ohm & Braak, 1987). Several of these regions, 

especially the pyramidal cell layer of the hippocampus, 

exhibit the granulovacuolar degeneration of neurons 

mentioned above. Functionally, these forebrain regions are 

associated with higher cognitive functions, such as learning 

and memory (Brodal, 1981). Not surprisingly, memory 

impairment is also an early sign in the clinical course of 

AD (Larue, D'Elia, Clark, Spar, & Jarvik, 1986). The direct 

connection between the cellular neuropathology and cognitive 

dysfunction has been thought to be linked to hippocampal 

atrophy (de Leon, et al., 1993). How this pathology might be 

associated with olfactory sensory dysfunction is also under 

investigation. 

Olfactory activity diminishes with age (Shiffman, 

1993). The environmental toxin hypothesis of olfactory 

degeneration suggests that chemicals inhaled through the 

nasal pathway over the life span cause degeneration of the 

olfactory neurons, thus decreasing sensory function. In AD, 

degeneration of more peripheral olfactory apparatus 

(olfactory bulb and tracts) is less apparent than more 

central olfactory pathway involvement (Reyes, Deems & 

Suarez, 1993). There is, nonetheless, degeneration of the 

olfactory bulbs and pathways in AD with a high concentration 



15 

of plaques and tangles (Ohm & Braak, 1987; Talamo, et al., 

1989). This degeneration may interfere with sensory function 

and in all probability, produces a IIfunctional bulbectomy.1I 

Olfactory bulbectomy in animal models, specifically the 

rat, produces a predictable behavioral pattern, 

characterized by learning deficits and aggressive behavior. 

Endocrinologically, the bulbectomized rat shows elevations 

in corticosterone, the primary glucocorticoid. The learning 

deficits, aggressive behavior, and corticosterone levels in 

this model can be brought back within normal range with 

antidepressant medication (Cairncross, Wren, Forster, Cox, & 

Schnieden, 1979). The neuroanatomical damage associated with 

the transection of the central projections of the bulb that 

occur as a consequence of bulbectomy, is similar to the 

degeneration associated with AD, namely damage to the 

anterior olfactory nucleus, which in AD is one of the 

centers with a high concentration of plaques and tangles 

(see above). 

These similarities in neuronal degeneration in the 

bulbectomized rat and in AD are striking. The long-term 

consequences of bulbectomy in the animal model have yet to 

be evaluated. It is unclear whether the learning deficits 

increase in magnitude as degeneration continues. How the 

changes in this macrosmatic animal model relate to olfactory 

function and loss in the microsmatic human brain is unknown. 
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Olfactory threshold testing yields no significant 

differences between depressed patients and control subjects 

in a mixed-age sample (Amsterdam, et al., 1987). It should 

be noted that this phenomenon has yet to be tested in 

elderly depressed patients. Mixed-aged depressed individuals 

may not show olfactory threshold impairment, but depressed 

elderly patients often show cognitive deficits that may 

resemble dementia (Alexopoulos, 1990; Caine, Lyness, & King, 

1993). Except for the well studied correlation in the 

geropsychiatric condition of Alzheimer's disease, the 

connection between olfactory change and psychiatric states 

with regard to cognition is unclear. 

Depression 

There is a growing body of evidence that elderly who 

have their first major depressive episode after the age of 

60 are at risk for developing an irreversible, progressive, 

dementing illness (Alexopoulos, Young, Meyers, Abrams, & 

Shamoian, 1988; Blazer, 1990; Mendelwicz & Baron, 1981; 

Post, 1972). This late-onset depressive patient group also 

has a higher mortality rate than elderly depressives whose 

first major depressive episode occurred earlier in life 

(Cole, 1990; Hoch, et al., 1993; Mendlewicz & Baron, 1981). 

The role of depression in permanent cognitive loss in the 



elderly without evident neuropathology is not well 

understood. 
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Neuroanatomical evaluation with computerized tomography 

(CT) in late-onset depressed elderly shows enlargement of 

the ventricles and degenerative changes in the white matter 

similar to those found in dementia (Alexopoulos, Young, & 

Shindledecker, 1992; Jacoby & Levy, 1980 a & b). On three 

year follow-up of late-onset depressive patients with 

enlarged ventricles, Jacoby found a higher incidence of 

dementia and a significantly higher mortality rate (Jacoby, 

Levy & Bird, 1981; Jacoby, Dolan, Levy, & Baldy, 1983). 

Ventricular widening and white matter changes do not 

necessarily characterize all depressed elderly; the brains 

of the early-onset depressed patients appeared more similar 

to controls on the parameters evaluated. Rabins and 

colleagues reported that a sample of depressed elderly 

evaluated with magnetic resonance imaging (MRI) showed 

greater "cerebral sulcal and temporal sulcal atrophy, larger 

sylvian fissures, lateral ventricles, third ventricle, and 

greater severity of subcortical white matter lesions" than 

normal controls (Rabins, Pearlson, Aylward, Kumar, & Dowell, 

1991). The neuroanatomical results of both late-onset and 

early-onset depression in the elderly in Rabins' sample were 

more similar to each other than in the data generated from 

the CT studies which found the late-onset group to be 
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similar to the demented group. Rabins did, however, find 

that there was a correlation between age of onset of 

depression and degree of cortical sulcal enlargement. These 

studies appear to be inconsistent, but methodological 

differences may not allow for direct comparison. It is, 

nonetheless, suspected that certain neuropathology in the 

depressed elderly patient is related to progression into 

dementia. Others have reported that elderly individuals with 

sulcal widening, regardless of depressive state, also have a 

higher incidence of progressive dementias and higher 

mortality rates (de Leon, et al., 1993). Unfortunately, 

there have not been neuroanatomical studies at this writing 

on depressed elderly with olfactory identification 

impairment. 

In addition to the neuroanatomical changes evident in 

late-onset depression, several studies have reported an 

increase in monoamine oxidase activity (MAO) in both late

onset depression and in dementia of the Alzheimer's type 

(Alexopoulos, Lieberman, Young, & Shamoian, 1984; 

Alexopoulos, Young, Lieberman, & Shamoian, 1987; Regland, 

Gottfries, & Oreland, 1991). Brain monoamine activity 

decreases as a function of age and appears to markedly 

decrease in dementia. Brain MAO activity increases with 

advancing age but platelet MAO does not (Murphy, et al., 

1976). The increased MAO activity in platelets of both late-



onset and AD patients may be a predisposing factor in the 

development of a progressive dementing disorder 

(Alexopoulos, Lieberman, et al., 1984). 
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The similarities between late-onset depression and 

dementia, neuroanatomical changes, physiological alteration 

and higher mortality rate seem to separate these patient 

populations from elderly depression of early-onset. However, 

further investigation is needed to describe changes in 

earlier onset depressives that may also be at a high risk 

for developing dementia. Evaluating biological substrates 

known to be involved in depression and dementia and their 

roles in these disorders may provide information on the 

underlying cause. 

Cortisol 

Biochemically, there are no known consistent markers 

for depression or dementia. Depressed as well as demented 

patients show elevations in basal cortisol, the primary 

glucocorticoid (GC) in humans (Sapolsky, 1992). The dynamic 

function of the hypothalamic-pituitary-adrenal axis (HPA) 

has been investigated as a possible means of differentiating 

endogenous depression from exogenous or reactive depression 

(Carroll, et al., 1981). 

Elevation in cortisol suggests that there may be a 

dysfunction in HPA regulation. The HPA is a closed loop 
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system operating by negative feedback. Figure 1. is an 

illustration of the anatomical features and their chemical 

components of the HPA. Cortisol is secreted by the adrenal 

glands, and its elevation may result from feedback error at 

a higher level of the axis, perhaps hypothalamic or 

hypophyseal. Cortisol output is controlled by 

adrenocorticotropin (ACTH) secreted from the anterior 

pituitary as a result of corticotrophin releasing factor 

(CRF) secretion from the hypothalamus. Depressives show a 

flattened ACTH curve and a concomitant elevation of cortisol 

when stimulated with CRF (Dickstein, et al., 1991). 

Dysregulation at each level of the HPA, in both secretion 

pattern and feedback mechanisms, results in increased output 

of cortisol. 

Cortisol has a diurnal output pattern that is 

relatively stable throughout the life span (Sapolsky, 1992). 

However, increased basal output of cortisol has been 

reported in depressed patients of all ages (Faustman, Faull, 

Whiteford, Borchert, & Csernansky, 1990; Ferrier, et al., 

1988; Fogel, Satel, & Levy, 1985; Jacobs, Mason, Kosten, 

Brown, & Ostfeld, 1984; Maes, et al., 1991; Rubinow, Post, 

Savard, & Gold, 1984; Schweitzer, et al., 1991; Stokes & 

Sikes, 1991). 
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Figure 1. Components and feedback systems. Key: CRF=corticotropin 
releasing hormone, ACTH=adrenocorticotropic hormone, Cortisol = 
cortisol. Release stimulation represented with (+) and inihibition 
represented (-). 



Increased basal cortisol is also a common clinical feature 

of dementia (Davis, et al., 1986; Martignoni, et al., 1990; 

Nappi, et al., 1990, Weiner, Vobach, Svetlik, & Risser, 

1993) . 
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High levels of circulating cortisol inhibit the output 

of CRF from the hypothalamus as well as ACTH from the 

pituitary, thus resulting in a decrease in cortisol output 

in an intact system. The increased basal level of cortisol 

output suggests dysregulation of the system. The underlying 

mechanisms of dysregulation in depression and dementia are 

currently under investigation (Maes, et al., 1991; Nappi, et 

al., 1990; Weiner, et al., 1993). 

The Glucocorticoid Cascade Hypothesis (Sapolsky, Krey, 

& McEwen, 1986) proposes a scheme by which high levels of 

glucocorticoids (GC) over time interact with hippocampal 

neurons causing an alteration in cellular function and cell 

death. There are two mechanisms for this proposed: (1) the 

direct toxic effects of the GCls over time which leads to 

gradual loss of hippocampal neurons, and (2) the 

exacerbating effects of the GCls in conjunction with other 

insults, i. e., EAA toxicity. Both of these mechanisms could 

lead to feedback error and without the feedback mechanism 

intact, the system operates in a feedforward manner. In rats 

and baboons, this results in an increased output of GC 

(Sapolsky & Plotsky, 1990). In aged humans, this could 
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result in an unchecked output of cortisol. Further, altered 

cell function may put cells at risk for synaptic 

accumulation of excitatory amino acids (EAA) resulting ln 

excitotoxic damage that a normally functioning cell would be 

able to accommodate. Thus, feedback error leads to cell 

death that in turn, leads to excess GC output and further 

damage. 

Further, Sapolsky and colleagues (1986) propose that 

the aged brain is more vulnerable to these effects of GC. 

Animal models can not always be generalized to the human, 

however, this hypothesis seems to be one way of explaining 

pathology in the aging human. Aging coupled with depression, 

is a special circumstance that requires further study. As 

yet, the mechanisms underlying the increased cortisol output 

in the very old human and in those elderly with depression 

have not been elucidated. 

Although HPA dysregulation often subsides as the 

depression remits (Hinrichsen, 1992; Ribeiro, Tandon, 

Grunhaus, & Grenden, 1993; Stokes & Sikes, 1991), several 

investigators have reported that even after remission of 

symptoms, the dysregulation in cortisol output and inability 

to suppress the diurnal cycle remains (see Ribeiro, et al., 

1993, for review). 

The precise role that the HPA plays in depression is 

not known. There may be multiple mechanisms causing HPA 



dysregulation in depression and the interaction of the 

glucocorticoids with other systems may provide a more 

complete picture of these underlying mechanisms. 

The Glucocorticoid Cascade Hypothesis in conjunction 

with obvious neural damage in AD (and perhaps also in 

depression) provide a basis for studying this model in the 

depressed elderly and to extending this model to the elderly 

with olfactory impairment with or without depression. 

Measuring HPA Dysregulation 

If the HPA is manipulated with a low dose of 

dexamethasone, a synthetic steroid whose structure is 

similar to cortisol, both depressed and demented patients 

show a higher rate of dysfunction than healthy age-matched 

subjects (American Psychological Association, 1987; Carroll, 

et al., 1981; Charles, Lefevre, Mirel, & Rush, 1986; 

Ferrier, et al., 1988; Fogel et al., 1985; Georgotas, et 

al., 1986; Greenwald, et al., 1986; Jacobs, et al., 1984; 

Maes, et al., 1991; Ribeiro et al., 1993; Weiner, et al., 

1993; Whiteford, et al., 1987). Depressed patients and 

demented patients have a higher incidence of failure to 

suppress the diurnal cycle of cortisol output than normals 

(Tiller, et al., 1988; Zimmerman, & Coyell, 1987). Some 

investigators have reported that elderly who fail to 

suppress the diurnal cycle of cortisol output after DST have 
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a higher rate of relapse into depression. Nonsuppression has 

also been used as a predictor for cognitive decline (Siegel, 

et al., 1989). Some investigators have found that 

nonsuppressors do not respond to antidepressant medication 

as well as suppressors but this finding is inconsistent from 

study to study (see Ribeiro, et al., 1993 for review). The 

role of altered HPA function in depression and dementia is 

not fully understood. The relationship between the 

dysfunctional HPA and olfactory function is unknown. 

Cortisol and Cognition 

Several investigators have found a correlation between 

cortisol level and cognitive performance in both depressed 

patients and AD patients (Faustman, et al., 1990; Oxenkrug, 

Gurevich, Siegel, Dumiao, & Gershon, 1989; Rubinow, et al., 

1984; Siegel, Gurevich, & Oxenkrug, 1989). Faustman and 

colleagues found that cortisol levels, age and cerebrospinal 

fluid (CSF) levels of 5-hydroxyindolacetic acid (5-HlAA), 

the major metabolite of serotonin, differentially predicted 

both vegetative symptoms and cognitive symptoms in a mixed

aged sample of depressed men (Faustman, et al., 1990). A 

similar relationship between cortisol output and performance 

on cognitive tests was found in another mixed-age sample by 

Rubinow and colleagues (1984). The relationship between 
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cortisol and cognition in the in the elderly depressed is in 

need of further investigation. 

It is well established that the hippocampus plays a 

major role in GC feedback as well as in learning and memory 

(Brodal, 1981; Sapolsky, 1985). It is also documented that 

the hippocampus suffers neuropathological damage in AD (Ohm 

& Braak, 1987; Talamo, et aI, 1989). Previous studies 

evaluating cortisol and monoamine involvement have suggested 

involvement of not only the HPA and hippocampus but also of 

serotonin (Faustman, et al., 1990) or dopamine (Shatzberg, 

Rothchild, Langlais, Bird, & Cole, 1985) in the frontal 

lobes of the brain. The apparent link between the HPA and 

brain structures involved in memory may provide, in part, a 

mechanism by which cortisol influences cognition. The 

mechanisms in depression, especially changes in monoamines 

and indolamines, and HPA dysregulation needs further study 

in elderly depressed subjects. 

Excitatory Amino Acids in Depression and Dementia 

At the outset of this section, a caveat is perhaps in 

order about the term "excitatory amino acids" (Angevin f;, 

1994). In a review of the revolutionary new concepts of 

synaptic transmission, Angevine emphasizes, among other 

points, that " ... the effect exerted by a neuroactive 

substance on its target cells is determined exclusively by 



the postsynaptic receptors to which it binds. (Such terms) 

are at best imprecise and in fact incorrect; while widely 

used and even useful in discussing specific circuits and 

other matters relating to neuronal communication, they are 

misleading, and should be used with care." 
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The role of the "excitatory amino acids" (EAA) in 

depression, dementia, and degeneration of the aging brain is 

currently under investigation (Beal, Swartz, Finn, Mazurek & 

Kowall, 1991; Butcher, Cameron, Kendall, & Griffiths, 1992; 

Heathfield, et al., 1990). A common theme in the research is 

the role of glutamate and the family of neuroactive 

substances that activate the receptor subtypes that modulate 

target cell excitation. Several of these substances activate 

the N-methyl-D-aspartate (NMDA) receptor complex. It has 

been hypothesized that activation of this receptor subtype 

in addition to the cellular generation of free radicals, 

such as ionized oxygen, may cause cellular death of 

glutamate-containing neurons (Coyle & Puttfarcken, 1993). 

Brain regions that are pathologically damaged in 

neurodegenerative diseases such as AD, have a wide 

distribution of glutamate-containing cells. Glutamate

containing cells are found, in particular, in the pyramidal 

cell layer of the hippocampus, and it has been suggested 

that the amino acids L-cysteine, homocysteine and glutamate 



are neurotoxic to these cells (Butcher, et al., 1992; 

Meldrum & Garthwait, 1990). 

Levels of amino acids such as glutamate, glutamic acid, 

homocysteic acid, folic acid, and homocysteine have been 

investigated in depressed patients and demented patients 

(Altamura, et al., 1993; Bell, et al., 1992; Bell, Edman, 

Marby, et al., 1990; Bell, Edman, Miller, et al., 1990; 

Bottiglieri, et al., 1992; Coyle & Puttfarcken, 1993; 

Pomara, et al., 1992). Basun and colleagues found a decrease 

in plasma glutamic acid and taurine in AD patients (Basun, 

et al., 1990). Pomara, et al., (1992) also found a decrease 

in taurine, in this case in the CSF, and a significant 

increase in glutamate levels in mild to moderately demented 

AD patients. These reports seem contradictory, but it is 

likely that the same EAA's are acting differently at 

different stages of the dementing process. One explanation 

to consider is that glutamate release in the early stages of 

Alzheimer's increases. If this increase continues, the 

elevated levels may become neurotoxic. As a result of 

neurotoxic levels of glutamate, cells become dysfunctional 

which would result in a decrease in synthesis and release of 

glutamate seen in the later stages of dementia. 

Possible mechanisms by which other amino acids 

contribute to pathological states are currently under 

investigation (Beal, et al., 1991). Beal and colleagues have 
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shown that homocysteic acid is an NMDA receptor agonist and 

that it produces a pattern of neurodegeneration in rats 

similar to the pattern seen in ischemia and Huntington's 

disease. Homocysteic acid produces a significant decrease in 

gamma-amino-butyric-acid (GABA) and glutamate. The 

activation of the NMDA receptors and other yet unidentified 

mechanisms appear to be at the center of the 

neurodegenerative process. 

Homocysteine (He) is a sulfur-containing amino acid 

with excitotoxic properties (Griffiths, 1993). It is a 

natural metabolite formed within cells from the essential 

amino acid methionine. It is a metabolic link between the 

transmethylation and transulfuration pathways that require 

vitamins B12, B6, and folate as cofactors. Figure 2. shows 

these metabolic pathways. 

Homocysteine is widely distributed in the brains of 

mammals, with high concentrations in the cerebellum (human, 

rat, guinea pig, and rabbit) and in olfactory bulbs (rat, 

guinea pig, and rabbit; Broch & Ueland, 1984). The 

distribution of He in human olfactory bulbs and pathways is 

not well documented, but could be similar, even so as to 

include high levels of He, to other mammals. The many 

neuroanatomical differences, however, in macrosmatic and 

microsmatic animals mandate caution in such speculation. 
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Homocysteine has many physiological consequences. It 

causes seizures in rats, is a risk factor for vascular 

disease, and indicates certain vitamin deficiencies. The 

seizures produced in rats abate with the administration of 

vitamin B12 (Sprince, Parker, Josephs, & Magazino, 1969). 

Elevation in plasma HC level has been implicated as a 

specific risk factor for atherosclerosis, coronary heart 

disease, and cerebrovascular accidents, independent of 

traditional markers like high cholesterol, hypertension, and 

smoking (Clarke, et al., 1991). 

Homocysteine has also been implicated in dementia of 

late-life depression (Bell et al., 1992). In depressed 

inpatients with nonvascular dementia, Bell et aI, found the 

plasma HC level to be highly correlated with performance on 

the Folstein Mini-Mental State Examination (MMSE). 

Similarly, Basun et al. (1990), found plasma levels of 

methionine to be correlated with performance on the recall 

task of the MMSE. Basun et al., noted that they did not 

think this finding is relevant, but considering the 

metabolic link between HC and methionine, further 

investigation seems warranted. 
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In summary, full understanding of why older adults 

develop Alzheimer's disease or suffer from depression has 

eluded researchers for decades. The mass of biological and 

psychological information available seems, at some level, to 

be at odds with itself. Yet there are common threads 

throughout the literature, namely sensory dysfunction in AD 

and changes in glucocorticoids and amino acid concentrations 

in depression and dementia. Understanding the 

interrelationships of these factors could help to uncover 

the basic mechanisms of depression and dementia and perhaps 

even identify those common to both. 
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Purpose and Hypotheses 

The purpose of this study was to evaluate cognitive 

status and cognitive function at baseline and decline over 

time in depressed elderly with and without olfactory 

identification impairment. In addition, the research further 

investigated plasma cortisol and homocysteine levels as 

possible biological markers of cognitive decline in subjects 

with and without depression and olfactory identification 

impairment. 

Hypotheses 

Primary Hypothesis 1 

It was hypothesized that olfactory identification 

impairment and depression in elderly subjects would predict 

cognitive baseline states and decline over a six month 

period. This hypothesis is based, in part, on (a) previous 

literature demonstrating that patients with a diagnosis of 

AD perform worse than age matched subjects on olfactory 

identification tests (Doty, Reyes & Gregor, 1987); and (b) 

older patients with depression exhibit reduced attention, 

concentration, and motivation that may precede subsequent 

development of AD (Alexopoulos, 1990, Caine, et al.·, 1993). 
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Corollary 1 to Primary Hypothesis 1 

To assess possible individual differences in cognitive 

decline, it was further hypothesized that subjects with both 

olfactory identification impairment and depression would 

perform more poorly on cognitive tests than would elderly 

with olfactory impairment or depression alone or than would 

normal elderly, at baseline and six-month follow up. 

Primary Hypothesis 2 

It was hypothesized that relatively high baseline 

levels of cortisol in conjunction with high baseline levels 

of homocysteine would predict cognitive decline in depressed 

elderly. This hypothesis was based, in part, on the 

Glucocorticoid Cascade Hypothesis (GCH) which proposes a 

mechanism by which neuron vitality is compromised in some 

way, by the presence of moderately elevated glucocorticoids 

and excitatory amino acids. 

Corollary 1 to Hypothesis 2 

In addition, it was hypothesized that cortisol levels, 

independent of depression status, would be negatively 

correlated with performance on cognitive tests (i.e., high 

levels of cortisol would be associated with poorer 

performance). Some investigators have shown that elevated 

cortisol is correlated with poor cognitive status, although 
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the cognitive difficulties reverse with remission of 

depression (Rubinow, et al., 1984; Siegel, 1989). Others 

have not seen this (Riebero, 1993 for review). The 

discrepancies in this literature prompted us to investigate 

this phenomenon in the nondepressed elderly with olfactory 

identification impairment and in depressed elderly with 

olfactory identification impairment. 

Corollary 2 to Hypothesis 2 

It was also expected that cortisol levels would be 

elevated in depressed subjects. Several investigators have 

reported elevations in cortisol output in depressed elderly 

as well as a higher rate of dexamethasone nonsuppression 

(Carroll, et al., 1981). Cortisol output in depressed 

elderly with olfactory identification impairment have not 

bee evaluated in this way. 

Corollary 3 to Hypothesis 2 

It was expected that homocysteine levels would be 

negatively correlated to cognitive function in the depressed 

subjects. This was an attempt to replicate and extend Bell 

et al., (1992) findings regarding geriatric depressed 

inpatients without vascular risk factors to community 

dwelling depressed elderly. 
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Corollary 4 to Hypothesis 2 

In addition to this expectation, specific B vitamin 

profiles were predicted to correlate negatively with HC 

level (i.e., B12, folic acid and B6 would be associated with 

elevated HC) (Selhub, & Miller, 1992). 



Methods 

Subjects 

Subjects were thirty men and women, age 65 and older. 

Subjects were recruited through an advertisement in the 

local newspaper that read as follows: 

Depression and Memory in the Elderly-Researchers 

at the U of A are looking for participants 65 and 

older for a study of memory in depressed elderly 

and depressed elderly with severe memory problems. 

Free memory testing and blood testing done. In 

association with the Memory Disorders Clinic. 

Nondepressed subjects as well as depressed subjects 

responded to the advertisement and were screened for 

possible inclusion as controls. Spouses of depressed 

subjects also served as controls. 

Measure of Olfactory Identification Ability 
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Each subject underwent the Cain Olfactory 

Identification Test (Cain & Krause, 1979). The procedure 

involves ten glass specimen bottles (4 ounces in volume, 2.5 

inches in diameter and 3.25 inches in height). The olfactory 

stimulus items (Johnson's Baby Powder®, cinnamon, 

chocolate, coffee, lemon, mothballs, onion, peanut butter, 



38 

Ivory® bar soap, and Vicks VapoRub®), were packed in 4 inch 

by 4 inch gauze pads. Each gauze packet was placed in a 

separate, foil lined bottle. The bottles were covered with a 

foil layer and the plastic screw on cap was sealed over the 

foil. The experimenter stood behind the subject to minimize 

introducing bias. The subjects could not see any of the 

experimenter's reactions. The experimenter handed each 

bottle to the subject. For each bottle, the subject was 

asked to identify the smell from a printed list of 20 items. 

The list contained the names of the 10 stimulus items and 10 

distracters. The bottles were presented in random order. 

Answers of "don't know" and "can't smell" were accepted and 

recorded. There was a one minute delay between presentation 

of each bottle. If the subject made any errors, the stimulus 

item was re-presented to them at a random time in between 

other items. If the subject made a correct choice the second 

time, the first error was stricken. The Cain scale has a 

maximum score of 10 possible points. 

Measures of Depression 

The self-report Geriatric Depression Scale (GDSi 

Yesavage & Brink, 1984), the observer-rated Montgomery

Asberg Depression Rating Scale (MADRS; Montgomery & Asberg, 

1979) and additional self report from interview (number of 

depressive episodes, when did these episodes begin, how long 
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did they last, and so on) were chosen to assess levels of 

depression. The advantage of the GDS (30 item) is that it is 

a common screening device whose administration takes only a 

brief time. It has been validated in the elderly population 

and is designed to be free of somatic symptom confounds, 

namely influence of appetite changes and sleep disturbances 

(Brink, et al., 1982). The MADRS is a la-item, experimenter 

rated scale that has items on concentration and sleep 

disturbances and is sensitive to change in depression status 

over time (Montgomery & Asberg, 1979). 

Group Assignment 

The subjects were assigned to a group based on median 

GDS score and median Cain Olfactory Identification Score for 

the sample. A score of 14 or less on the GDS was considered 

not depressed and a score of 15 or greater on the GDS was 

classified as depressed. A score on the Cain scale of 

greater than or equal to 8 was indicative of normal 

olfactory identification ability. A the remaining subjects 

with a score of 7 or less were considered olfactory 

impaired. This is consistent with cut-off scores employed by 

Cain (1979). 



The groups were assigned as follows: 

Normals: GDS < 15; Cain Score ~ 8. 

Depressed Only: GDS score ~ 15; Cain Score ~ 8. 

Olfactory Impaired Only: GDS score < 15; Cain Score < 8. 

Depressed and Olfactory Impaired: GDS score ~ 15; 

Cain Score < 8. 

Dependent Measures of Cognitive Function 

The Folstein Mini-Mental State Examination (MMSE; 

Folstein, Folstein, & McHugh, 1975), Boston Naming test 

(BNT; Kaplan, Goodglass, & Weintraub, 1983), and the 

Alzheimer's Disease Assessment Scale (ADAS; Rosen, Mohs, & 

Davis, 1984) were used to measure cognitive functioning. 

The Folstein Mini-Mental State Examination 
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The MMSE was chosen because it is a short (5 minutes), 

global screening test for cognitive status that allows basic 

determination of presence and severity of dementia. It is 

correlated with other, more extensive neuropsychological 

measures (Tombaugh & McIntyre, 1992). Standard 

administration of the MMSE was employed (Molloy, Alemayela, 

& Roberts, 1991). The standardized version has established 

reliability in the elderly (Molloy, et al., 1991). The MMSE 

consists of 5 subscales: orientation, registration, 

attention and calculation, recall. and language. The first 
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tests orientation to time, place, date, month, year, season 

and place (hospital name, hospital floor, city, state, and 

county). Registration assesses ability to repeat three words 

correctly. Attention and calculation assess ability to count 

backwards from 100 by 7 and to spell the word "WORLD" 

backwards. The recall section asks the subject to repeat the 

three words from the registration section after a one to two 

minute delay. The language section consists of naming common 

objects, phrase repetition, following a three stage verbal 

command, following written instruction, sentence production 

and design copy. There are 30 points possible. 

The Boston Naming Test 

The BNT was chosen because it is a sensitive measure of 

confrontational naming difficulties, a function often 

impaired in mild dementia. The BNT is also sensitive to 

cognitive decline (Kaplan, Goodglass, & Weintraub, 1978). 

Standard administration of the BNT was employed as it has 

high reliability and is a valid measure of confrontational 

naming ability (Kaplan, Goodglass, & Weintraub, 1983). The 

BNT consists of 60, two dimensional line drawing pictures. 

Subjects were asked to name each picture. 
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The Alzheimer's Disease Assessment Scale 

The ADAS is a more comprehensive measure of dementia 

and is very sensitive to drug effects and cognitive decline 

(Zec, Landreth, Vicari, Feldman, et al., 1992; Zec, 

Landreth, Vicari, Belman, et al., 1992). Zec and colleagues 

have also established its reliability and validity as a 

scale for early detection of dementia and staging of 

dementia of the Alzheimer's type. There are 11 subscales on 

the cognitive assessment aspect of the test. The first 7 of 

these are: word recall, naming objects and fingers, 

commands, constructional praxis, ideation praxis, 

orientation, and word recognition. For the word recall task, 

the instructions were for subjects to look at a list of 

words, say them out loud and then state those words they 

could remember. Subjects saw the list a total of three times 

and the subjects indicated which words they remembered after 

each trial. For the naming objects and fingers subscale, 

subjects saw a total of 12 three dimensional objects and 

then identified them specifically. The experimenter also had 

the subject place their non-dominant hand flat on the 

testing table. The experimenter pointed to each finger in a 

random pattern and the subjects identified that finger. The 

commands section consisted of one, two and three stage 

commands. The experimenter gave the command once and the 

subject was asked to follow. The constructional praxis 
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subscale consisted of copying two and three dimensional 

shapes. The subject was given four shapes to copy. Ideation 

praxis assessed ability to manipulate familiar objects (in 

this case folding a letter, putting it into an envelope, 

sealing the envelope, addressing the envelope to themselves 

and identifying where the stamp should be placed). The 

orientation subscale was very much like the orientation part 

of the MMSE, measuring date, time, name of hospital, and 

full name. Finally, the word recognition task involved 

showing the subject a list of twelve words (a different list 

than was used in the recall task) and having them identify 

words they had seen on the list from a list of twenty-four 

words that the experimenter read. The recognition list was 

shown to the subject three times and they were asked to pick 

out words they had seen from three different lists read out 

loud by the experimenter. The ADAS is correlated with other, 

more extensive neuropsychological measures that evaluate 

memory loss and cognitive dysfunction in the elderly. The 

additional 4 subscales are language, comprehension of spoken 

language, word finding difficulty, and remembering test 

instruction. For each of these sections, the experimenter 

rated level of impairment on the 0-5 point scale provided. 



Testing procedure 

The subjects were engaged in open ended conversation to 

reduce any stress or anxiety they had about testing. The 

tester provided a brief, informal explanation of the course 

of testing to the subject. The order of tests was: the 

Folstein Mini-Mental State Examination, the ADAS and then 

the BNT. If the research subject had any further questions 

or concerns, these were discussed, and then the testing 

session was ended. The subject was accompanied to the 

elevator and left the hospital on their own or with the 

assistance of their spouse or caregiver. The experimenter 

called subjects the following Sunday night to remind them to 

fast after midnight and to meet the experimenter in the 

hospital lobby on Monday morning between 8:00 A.M. and 9:00 

A.M. for blood tests. 

Biological Measures 

Blood Draws 

Subjects came in for their first blood draw on the 

Monday morning following their neuropsychological 

evaluations and again on Tuesday morning for their post

dexamethasone blood draw between 8:00 A.M. and 9:00 A.M. All 

blood samples were collected in 7 ml lavender top 

Vacutainers containing sodium EDTA. Day #1 draws were 

approximately 30 ml per subject. This blood was put on ice 
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and transferred to the College of Pharmacy and processed 

(procedure to follow). The subjects were given a 0.5 mg dose 

of dexamethasone to be taken orally at 11:00 P.M. that 

night. Day #2 draws were approximately 5 ml per subject. 

Blood was put on ice and transferred to the College of 

Pharmacy for processing. 

Dexamethasone Suppression Test (DST) 

Each subject agreed as part of the study to participate 

in a dexamethasone suppression test. Each subject was given 

a 0.5 mg dose of dexamethasone (Sigma Chemical, Anaheim, CA) 

which they agreed to take orally at 11:00 P.M. the night 

before the second blood draw. Permission was obtained for 

the investigative staff to call each subjects between 8:00 

P.M. and 9:00 P.M. on Monday night to remind them to take 

the dexamethasone. When the subject returned to the hospital 

on Tuesday morning, the experimenter asked each subject if 

they had taken the dexamethasone. 

Dexamethasone was given in order to assess level of HPA 

function. Suppression of cortisol is defined as a post DST 

cortisol level of ~5 ug/dl. Approximately 50% of depressed 

subjects have been reported to fail to suppress the diurnal 

cycle of cortisol secretion even in the presence of 

dexamethasone (Carroll, et al., 1981). 



46 

Plasma separation for homocysteine and cortisol assays 

Approximately 5 ml of blood was set aside for plasma 

preparation only. Blood was placed in sterile centrifuge 

tubes and spun at 400 X g for 5 minutes. Plasma was 

aspirated by micropipette into cryovials and frozen at -80 C 

until the day of assay. The samples were sent to the Vitamin 

Bioavailibility Laboratory, USDA Human Nutrition Research 

Center on Aging at Tufts University, Boston, for analysis of 

total homocysteine. 

Homocysteine Assay 

Briefly, frozen plasma samples were assayed using the 

method of Araki & Sako (1987). After quantitative reduction 

of disulfide bonds and precipitation of proteins, the 

protein-free extract was reacted with a thiol-specific 

reagent to produce a fluorescent derivative of HC. The 

extract was injected onto a C18 reverse phase high-pressure 

liquid chromatography column and eluted using a binary pH 

gradient. HC was detected flurometrically by excitation at 

385 nm and emission at 515 nm. Quantitation of HC was done 

by using peak height measurement compared to a plasma-based 

three point external standard curve (normal < 11.5 nmol/ml). 
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Cortisol Radioimmune Assay 

Cortisol levels were measured with a standard 

radioimmune kit (ICN Biomedicals, Inc., California). 

Cortisol-3-0-Carboxymethyloxime-BSA was used as the antigen 

to produce antibodies in rabbits. The antigen was covalently 

bound to the inner surface of a polypropylene tube and was 

titered to provide 40-60% binding in the absence of non

radioactive cortisol. The assays were run according to the 

instructions provided in the kit. Calculations for 

conversion from % bound/Total to ug/ml were done using the 

sample calculations provided. 

Vitamin, Amino Acid, and Metabolite Assays 

Vitamins B12 levels were assessed with a standard 

radioimmune assay kit (ICN Biomedicals, Inc., California). 

Total B6, pyridoxal-5 1 -phosphate (PLP) , cysteine, and folate 

levels were assayed using the methods described elsewhere 

(Stabler, Marcell, Podell, & Allen, 1987). 

Follow-up Cognitive and Biological Measures 

Subject Follow-up 

Each of the subjects received one follow-up phone call 

during the 6 month interval between testing to document any 

life event changes or medication and health changes. Each 

received a letter explaining the scheduling for their 
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follow-up appointment. The experimenter scheduled follow-up 

appointments and subjects completed the same testing and 

assessment procedure as at baseline with one exception, an 

addition to the ADAS. 

Addition to the ADAS 

The ADAS was administered in the same fashion as at 

baseline but the subjects were instructed before the recall 

task that they would be asked to remember the list as they 

would be asked to tell the experimenter how many words they 

remember at a later time. This addition was imposed to 

parallel the delay task in the MMSE for comparison. This is 

consistent with the method used by Zec, et al., (1992). 
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Results 

Demographics 

Subjects were between the ages of 65 and 85, with a 

mean age 77 ± six years. The sample consisted of 23 females 

(77%) and seven males (23%). 

Table 1. shows means and significant differences for 

the demographic variables measured. Analysis of variance 

yielded a significant difference between groups in age, F(l, 

29) = 4.07, p = .02. Post hoc testing with the Fisher PLSD 

(Positively Least Significant Difference), at a = .05, 

showed that the depressed only group was significantly 

younger than the olfactory impaired only and depressed 

olfactory impaired groups and the normal group was 

significantly younger than the olfactory impaired only 

group. It should be noted that although the differences were 

statistically significant, the actual magnitude of the mean 

differences was relatively small. 

Kruskal-Wallis analysis of categorical data with three 

or more groups yielded a significant difference between 

groups on education level H(3) = 8.32, p = .04 (H corrected 

for ties). The olfactory impaired only group had a higher 

education level than both the normals and the depressed 

only. Again, from Kruskal-Wallis analysis of categorical 

data with three or more groups, no significant differences 
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were found between groups with regard to gender, handedness, 

marital status, living quarters, cohabitation status, or 

occupation. 



Table 1. Demographics Summary Table. 

CATEGORY NORMAL DEP ONLY IMP ONLY DEP IMP SIGNIFICANT a = 0.05 
[n=8] [n=10] [n=5] [n=7] DIFFERENCES 

AGE * 
Mean 75.38 73.30 80.4 80.86 !Normal < Dep F = 4.07 
S.D. (7.25) (4.35) (2.70) (4.30) Imp; Dep only p = 0.02 

Range [66-84] [67-80] [77-84] [73-85 ] I< Imp Only; 
!Dep only < Dep 
Imp 

GENDER 
Female 6 (75.0%) 9 (90.0%) 3 (60.0%) 5 (71.4%) N. S. 

Male 2 (25.0%) 1 (10.0%) 2 (40.0%) 2 (29.6%) 
HANDEDNESS 

Right 7 (87.5%) 10(100%) 5 (100%) 7 (100%) N. S. 
Left 1 (12.5%) 0(00.0%) o (00.0%) o (00.0%) 

MARITAL STATUS 
Widowed 2 (25.0%) 3 (30.0%) 3 (60.0%) 4 (57.1%) 
Married 6 (75.0%) 5 (50.0%) 2 (40.0%) 1 (14.3%) N. S. 

Divorced o (00.0%) o (00.0%) o (00.0%) 2 (28.6%) 
Single o (00.0%) 2 (20.0%) o (00.0%) o (00.0%) 

EDUCATION ** 
< High School 3 (37.5%) 1 (10.0%) o (00.0%) o (00.0%) lNormal < Imp H = 8.32 

High School 3 (37.5%) 2 (20.0%) o (00.0%) 3 (42.8%) pnly; Dep Only p = 0.04 
Some College o (00.0%) 5 (50.0%) 1 (20.0%) 3 (42.8%) I<Imp only 

College Degree 2 (25.0%) 1 (10.0%) 3 (60.0%) 1 (14.3%) 
Higher Degree o (00.0%) 1 (10.0%) 1 (20.0%) o (00.0%) 

Statistical Analysis = * ANOVA, post hoc testing Fisher PLSD, significance level a = 
.05; **Kruskal-Wallis analysis of 3 or more groups, significance level a = .05, H 
corrected for ties. 

VI -



Table 1. Demographics Summary Table (continued) 

f:ATEGORY NORMAL DEP ONLY IMP ONLY DEP IMP SIGNIFICANT a. = 0.05 . 
[n=8] [n=10] [n=5] [n=7] DIFFERENCES 

~IVING i 

PUARTERS 
! 

House 5 (55.5%) 4 (40.0%) 3 (60.0%) 4 (57.1%) N. S. I 

Apartment 2 (25.0%) 2 (20.0%) 1 (20.0%) o (00.0%) I 

Trailer 1 (12.5%) 2 (20.0%) 1 (20.0%) 1 (14.3%) 
I 

Boarding House o (00.0%) 2 (20.0%) o (00.0%) 2 (28.6%) 
~OHABITATION 
STATUS 

Alone 2 (25.0%) 3 (30.0%) 2 (40.0%) 4 (57.1%) N. S. 
With Spouse 6 (75.0%) 5 (50.0%) 2 (40.0%) 1 (14.3%) 
With Family o (00.0%) 2 (20.0%) 1 (20.0%) 2 (28.6%) 

OCCUPATION 
Professional 4 (50.0%) 6 (60.0%) 5 (100 %) 4 (57.1%) N. S. 

Skilled 3 (37.5%) 2 (20.0%) o (00.0%) 2 (28.6%) 
Manual o (00.0%) 1 (10.0%) o (00.0%) 1 (14.3%) 

Housewife 1 (12.5%) 1 (10.0%) o (00.0%) o (OO.O%L L......-___ ~ _____ __ 

Statistical Analysis = * ANOVA, post hoc testing Fisher PLSD, significance level a. = 
.05; **Kruskal-Wallis analysis of 3 or more groups, significance level a. = .05, H 
corrected for ties. 

Ul 
N 
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Age of Qnset 

Distribution of age of onset of first lifetime 

depressive episode in the depression group was analyzed with 

a chi square test for independence. Qf the 17 depressed 

subjects, nine (53%) had their first depressive episode 

before the age of 60, the remaining eight subjects had their 

first depressive episode after that age, X2 (1, N=17) = 

1.63, p > .05. The distribution between late-onset and 

early-onset depressives was not different between the two 

depression groups. 

At follow-up, one subject failed to return for 

cognitive tests or blood work. This did not change the 

distribution of late-onset depressive to early-onsets. Of 

the 16 remaining depressed subjects, eight (50%) were in the 

early-onset category and eight (50%) were in the late-onset 

category. The chi square analysis was nonsignificant, X2 (1, 

N=16) = 1.17, p > .05. 

An additional two depressed subjects did not have blood 

work done at follow-up. Of the 14 remaining depressives, 

seven (50%) were in the early-onset category and seven (50%) 

were in the late-onset category. The chi square analysis was 

nonsignificant, X2 (1, N=14) = 1.17, p > .05. 
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Primary Hypothesis 1 

In order to test the hypothesis that olfactory 

identification impairment and depression in the elderly 

predict cognitive decline, six stepwise linear multiple 

regression analyses were performed; three on baseline 

cognitive scores (ADAS, MMSE, BNT) and three on follow-up 

cognitive measure change scores. Scores representing the 

change in cognitive tests from baseline to follow-up were 

calculated by subtracting the raw baseline score from the 

corresponding raw follow-up score. The baseline olfactory 

identification score and baseline GDS score were entered as 

predictor variables along with age and education level. 

Regression analysis for contribution of olfactory 

identification and depression status on baseline ADAS 

entered both variables and had a R2 = .42, F(2, 27) = 11.66, 

p < .01. A significant contribution of olfactory 

identification impairment accounted for 35% of the variance 

and further yielded Beta = -.55, T = -3.92, p < .01, thus 

the lower the olfactory identification score, the higher the 

level of cognitive deficit. The contribution of depression 

score was also significant accounting for 7% of the variance 

and Beta = .34, T = 2.39, p = .02., thus, the higher the 

depression score, the more severe the cognitive deficit. 
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Although not entered into the regression equation, there was 

a trend for contribution of age, Beta = .32, T = 2.00, p = 
.06. 

The ADAS change scores exhibited significant 

contributions from olfactory identification scores, R2 = 

.17, F(l,27) = 5.54, Beta = -.41, p = .03. This is 

consistent with the results of the analyses on MMSE and BNT, 

although the sample had change scores suggesting improved 

cognition. There was a mean gain of 1.8 points, which in 

context is small. The olfactory identification scores 

contributed significantly to the change in ADAS scores, Beta 

= -.41, T = 2.36, p = .02. The depression scores were 

nonsignificant, Beta = .24, T = 1.39, p = .18. 

Results for contribution of olfactory score and 

depression were significant when the MMSE score at baseline 

was evaluated as the dependent variable, R2 = .34, F(l,28) = 

14.57, p< .01. The contribution of olfactory score was 

significant, Beta = .58, T = 3.82, p < .01. Although not 

entered into the regression equation, the contribution of 

depression was a trend, Beta = -.24, T = -1.60, p = .12. 

Results for contribution of olfactory score and 

depression were significant when the MMSE change score was 

used as the dependent measure, R2 = .18, F(l,27) = 6.12, , P 
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= .02. The olfactory score contributed significantly, T = 

2.48, Beta = .43, p = .02, and a trend for depression score, 

T = 1.78, Beta = .31, p = .08, that was not entered into the 

equation. This is consistent with the hypothesis that 

olfactory impairment may be an early sign of cognitive 

impairment. 

Regression analysis with baseline BNT as the outcome 

variable yielded a contribution of both olfactory 

identification score and depression overall, R2 = .16, 

F(1,28) = 5.44, p = .03. Olfactory identification 

contributed significantly to the variance, Beta = .40, T = 

2.33, P = .03. The contribution of depression was 

nonsignificant, Beta = -.14, T = -.81, p = .42. 

On the basis of change in BNT scores, olfactory 

identification score and depression score contributed 

significantly to the variance, R2 = .18, F(1,27) = 5.84, p= 

.02. Depression status contributed significantly, T = 2.29, 

Beta = -.42, P = .03. The contribution for olfactory 

identification in this case was a trend, T = 1.79, Beta = 

.30, p = .08, and was not entered into the equation. This is 

inconsistent with the findings at baseline in that olfactory 

identification score carried more of the variance, the 



difference scores had greater amount of variance accounted 

for by depression score. 

Corollary to Hypothesis 1 
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To further investigate the impact of depression and 

olfactory identification impairment on baseline and change 

in cognitive function, groups were assigned by olfactory 

identification scores and depression scores, resulting in 

the assignment of four groups: normals, depressed only, 

olfactory identification impaired only and depressed and 

olfactory identification impaired (see Methods above). Data 

were then analyzed with analyses of covariance (ANCOVA). As 

age and education levels were significantly different 

between groups, both were used as covariates. Level of 

significance was set at a=0.05 for all analyses and all 

tests were 2 - tailed. 

To test the corollary that subjects with olfactory 

identification impairment in combination with depression 

would perform worse on cognitive measures, as mentioned 

above, ANCOVA's were run. There were differences between the 

four groups on all cognitive tests. Table 2. is a summary of 

mean performance and significance differences between 

groups. All post hoc tests were set at the a = .05 level 
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and only significant differences are reported. Education 

level did not reach significance in any of the analyses and 

is therefore not reported. 

The ADAS scoring system is based on the number of items 

missed, so that a higher score is associated with a greater 

degree of cognitive impairment. Analysis yielded significant 

effects of the age covariate, such that as age increased, 

performance on the ADAS was poorer, F(l,28) = 5.56, p = .03. 

Nonetheless, after covarying for age, the main effects for 

olfaction on ADAS performance remained significant, F(l,28) 

= 4.73, p = .04). Depression status also remained 

significant, F(l,28) = 17.45, p < .001, such that subjects 

with olfactory impairment performed poorer than subjects 

without olfactory impairment and depressed subjects 

performed poorer than nondepressed subjects. There was a 

trend towards an interaction between olfaction and 

depression, F(l,28) = 3.06, p = .09. 

At six-month follow-up, there was a significant 

contribution of the age covariate, such that as age 

increased, subjects scored higher on the ADAS, F(l,27) = 
14.42, p < .01. Again after covarying for age, there were 

significant main effects for both baseline olfaction and 

baseline depression, such that initially depressed subjects 

scored higher and subjects with olfactory impairment without 

depression scored higher, F(l,27) = 12.88, p < .001; F(l,27) 



= 12.47, p = .002. Depression status interacted with 

olfactory identification impairment, such that even after 

controlling for age, subjects with both olfactory 

identification impairment and depression scored higher, 

F(l,27) = 6.24, p = .02. See Table 3. for summary 

information. 
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When changes from baseline were evaluated on the ADAS, 

depression status interacted with poor olfaction, such that 

the depressed subjects with olfactory identification 

impairment performed worse than the other three groups, 

F(l,27) = 4.82, p = .04. The effects of age, F(l,27) = 3.22, 

p = .09, and depression, F(l,27) = 3.14, P = .09, were 

trends. The interaction between olfaction and depression 

status was nonsignificant, F(l,27) = 1.50, p = .54. 



Table 2. Baseline Scores For Olfactory Identification Test, Cognitive Measures and 
Depression Measures. 

GROUP 
[n] 

NORMAL 
[8] 

DEP ONLY 
[10] 

OLFACTORY IDENTIFICATION 
Mean 9.12 8.60 

(S. D.) (0.83) (0.70) 

COGNITIVE TESTS 
IADAS 6.04 11.16 

(3.61) (5.73) 
IMMSE 27.62 27.2 

(1. 68) (1.99) 
BNT 54.00 51.50 

(3.42) (8.80) 

DEPRESSION MEASURES** 
PDS 5.88 18.5 

(3.76) (4.45) 
IMADRS 6.38 19.0 

(5.01) (5.50) 

IMP ONLY 
[5] 

5.40 
(1. 52) 

8.59 
(2.35) 
27.20 
(1. 64) 
54.80 
(1. 64) 

3.40 
(2.30) 
3.60 

(2.70) 

DEP IMP ISignificant differences p=0.05 
[7] 

2.86 Normal >Imp Only; Normal >Dep 
(2.48 ) Imp; Dep Only> Imp Only; Dep 

Only >Dep Imp 

21.23 ~ormal <Dep Only; Normal <. Dep 
(7.02) Imp; Dep Only <Dep Imp 
21.57 ~ormal > Dep Imp; Dep Only > 
(5.00) lDep Imp; Imp Only> Dep Imp 
43.28 ~ormal >Dep Imp; Imp Only > Dep 
(9.74) Imp 

14.71 ~ormal < Dep Only; Normal < Dep 
(5.58) Imp; Dep Only >Imp Only 
19.57 ~ormal < Dep Only; Normal< Dep 
(2.76) Imp; Dep Only>Imp Only 

---~ ---- - _ .. - -- _._ ..... -

Mean scores and (standard deviations) for performance on olfactory identification 
test, cognitive measures, and depression tests. Statistical Analysis = ANCOVA, a = 
.05, post hoc test, Fisher PLSD with significance level set at a =0.05. 

**Correlation between baseline GDS and MADRS: R2 = .51, P < .001. 

~ 



Table 3. Follow-Up Scores For Olfactory Identification Test, Cognitive Measures and 
Depression Measures 

GROUP 
[n] 

NORMAL 
[8] 

DEP ONLY IMP ONLY 
[10] [5] 

OLFACTORY IDENTIFICATION 
Mean 7.50 8.20 4.60 

(S. D.) (1.77) (1.48) (2.51) 

-- ---

COGNITIVE TESTS 
ADAS 5.16 6.86 7.93 

(3.86) (4.57) (2.48) 
MMSE 27.38 28.00 26.40 

(1.19) (1.49) (2.30) 
BNT 55.25 50.20 55.60 

(3.84 ) (10.38) (3.05) 

DEPRESSION MEASURES** 
PDS 5.38 11.8 4.60 

(2.92) (7.70) (2.61) 
~RS 5.88 14.8 4.00 

(8.27) (8.88) (5.10) 

DEP IMP ISignificant differences p=0.05 
[6] 

1.83 Normal> Imp Only; Normal >Dep, 
(2.64) Imp; Dep Only > Dep Imp 

22.22 Normal <Dep Imp; Dep Only < 
(8.06) Dep Imp 
21.17 Normal >Dep Imp; Dep Only > 
(5.49) Dep Imp 
38.17 Normal > Dep Imp; Dep Only 

(10.91) >Dep Imp 

14.50 lNormal < Dep Only; Normal <Dep 
(6.89) Imp; Imp Only <Dep Imp 
17.00 lNormal < Dep Only; Normal <Dep 
(6.26) Imp; Imp Only <Dep Imp 

Mean Scores and (standard deviations) for performance on olfactory identification test and 
cognitive measures. ANCOVA, a = .05, post hoc test, Fisher PLSD with significance level 
set at a = 0.05. 

**Correlation between follow-up GDS and MADRS: R2 = .65, p < .001. 

0\ -
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Further subtest analysis of the ADAS by multiple 

analysis of variance with averaged tests of significance 

equivalent to a mixed model approach to repeated measures, 

with age as a covariate. This yielded significant 

differences over recall trials (three trials at baseline and 

three trials on follow-up) due to depression group 

membership, F(1,24) = 5.29, p = .03 such that the more sever 

the depression, the fewer words were remembered over trials. 

A trend for olfactory group membership, F(1,24) = 3.08, p = 

.09, also emerged, in that, the more impairment on the 

identification test the subjects exhibited, the fewer words 

those subjects recalled. The interaction of olfaction and 

depression, F(1,24) = 2.16, p = .16, was nonsignificant. 

From baseline to follow-up, there was a trend for an effect 

of olfactory group membership, F(1,24) = 3.98, p = .06. 

Over trials, the expected learning curve emerged due 

probably to repeated exposure to the same list of words. 

This difference did not reach significance. Performance from 

baseline to follow-up was similar within each group. 

The recognition subscale of the ADAS yielded 

nonsignificant differences over recognition trials (three 

trials at baseline and three trials on follow-up) due to 

depression group membership, F(1,24) = 2.23, p = .15. There 

was a trend for olfactory group membership, F(1,24) = 3.18, 

p = .09 showing the same pattern seen on the recall task. 
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The interaction of olfaction and depression, F(l,24) = .24, 

p = .63, was nonsignificant. Many subjects scored perfectly 

and that this did not reach significance may reflect a 

IIceiling effect ll in this part of the ADAS. From baseline to 

follow-up, there were no significant effects, as groups 

performed similarly at both time points. 

The orientation subscale of the ADAS showed a 

significant difference between groups at baseline but not 

over time, (baseline: F(l,26) = 4.04, p = .05; Change from 

baseline: F(l,25) = 2.80, p = .10). There were no other 

significant findings on any of the remaining subscale. 

The MMSE scoring system is based on number of items 

correct, such that a lower score is associated with a 

greater degree of cognitive impairment. There were 

significant effects of the age covariate, F(l,28) = 6.32, p 

= .02 and main effect for depression status, F(l,28) = 5.61, 

p = .03 on MMSE performance, such that as age increased, 

subjects performed more poorly. Similarly, depressed 

subjects performed worse than did nondepressed subjects. 

There was a significant interaction between olfaction and 

depression, F(l,28) = 4.71, p = .04 such that subjects with 

both olfactory impairment and depression performed worse. 



The contribution of poor olfaction alone was a trend, 

F(1,28) = 3.04, p = .09. 
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At follow-up, there was a significant effect of the age 

covariate again, consistent with the finding at baseline, 

F(1,27) = 11.44, P = .003. There was also a main effect for 

olfaction, such that subjects with olfactory impairment had 

lower MMSE scores, F(1,27) = 10.43, P = .004. The 

contribution of olfaction at follow-up was a nonsignificant 

trend F(1,27) = 2.74, P = .09. Olfaction interacted with 

depression, such that depressed subjects with olfactory 

impairment performed worse than the other groups, F(1,27) = 

5.42, p = .03. This is consistent with the hypothesis that 

depressed elderly with olfactory identification impairment 

would perform worse than nondepressed elderly of elderly 

without olfactory identification impairment. There was a 

trend for depression status, such that depressed subjects 

performed worse than nondepressed on the MMSE, F(1,27) = 

3.72, P = .07. 

When changes from baseline were evaluated, the 

contribution for olfaction on MMSE performance was a trend, 

F(1,27) = 3.32, p = .06. The effects of age, F(1,27) = 0.94, 

p =.24, and depression, F(1,27) = 0.30, p = .57, were 

nonsignificant. The interaction between olfaction and 

depression status was also nonsignificant, F(1,27) = 1.50, p 

= .54. 
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As was the case with the ADAS, the orientation subscale 

was significantly different between groups using a repeated 

measures analysis and after controlling for age and 

education levels, F(l,26) = 4.23, p = .04. The change over 

time was nonsignificant. 

Depression status was the only variable that yielded a 

significant main effect on performance on the BNT at 

baseline, in that depressed subjects had lower scores than 

nondepressed subjects, F(l,28) = 5.94, p = .02. There was a 

nonsignificant trend for the interaction between olfaction 

and depression, such that subjects with both olfactory 

impairment and depression tended to score lower than the 

subjects in the other 3 groups, F(l,28) = 2.91, p = .10. 

At follow-up, a significant effect of depression status 

was noted, F(l,27) = 4.82, p = .04. This is consistent with 

the findings at baseline. No other variables reached 

significance and there was no interaction. 

There was a significant effect for depression group 

membership on change scores on the BNT, F(l,27) = 4.62, p = 

.04, such that depressed subjects identified fewer of the 

pictures at follow-up and had larger differences from 

baseline to follow-up. There were no other significant 

relationships. 



Primary Hypothesis 2 

To test the hypothesis that baseline plasma cortisol 

and baseline plasma homocysteine levels could predict 

cognitive decline, a stepwise linear mUltiple regression 

with ADAS, MMSE, and BNT change scores as dependent 

variables in three separate analyses was performed. There 

was a trend for contribution of cortisol, post-DST cortisol 

and HC in the ADAS change scores, R2 = .27, F(1,28) = 2.26, 

p = .09. There were no significant contributions of baseline 

cortisol, baseline post-DST cortisol, or baseline HC to the 

change scores on MMSE, R2 = .04, F(1,28) = .27, p = .84, or 

in the BNT, R2 = .02, F(1,28) = .13, p = .94. Basically, 

neither of the cortisol levels nor HC was a predictor for 

cognitive decline over time. Means for baseline and follow

up cortisol, post-DST cortisol levels, and HC levels are 

presented in Table 4. 

Corollary 1 to Hypothesis 2 

To evaluate the corollary that cortisol level would 

negatively correlate with cognitive function, a correlation 

between performance on cognitive measures and levels of 

cortisol, both pre- and post-DST, was done. Cortisol levels 

at baseline did not correlate significantly with any of the 

baseline cognitive measures. Follow-up pre-DST cortisol 

levels, however, did positively correlate with follow-up 

ADAS performances, r = .59, p = .001 (n=26), and negatively 
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with follow-up performances on MMSE, r = -.57, p = .001. In 

both cases, the higher the cortisol, the greater the 

cognitive deficit. Post-DST cortisol levels correlated 

positively with performance at baseline and follow-up on the 

ADAS, r = .29, p = .06; r = .56, p = .002 at baseline and 

follow-up respectively. There were similar findings on the 

MMSE and BNT. Post-DST cortisol correlated negatively with 

baseline and follow-up MMSE performance, r = -.33, p = .04; 

r = -.57, p = .001, respectively, and at follow-up on the 

BNT, r = -.45, p = .02. In all cases, the higher the post 

DST cortisol, the greater the cognitive deficit. 

Corollary 2 to Hypothesis 2 

To assess whether or not the depressed elderly had a 

higher basal cortisol level, an ANOVA was performed. As the 

subjects were initially matched on demographic variables 

based on depression status alone, there were no significant 

differences on any of the demographics variables such that 

no covariates were necessary. There was no significant 

difference between depressed and nondepressed subjects 

F(1,28) = .21, p = .65. Both groups had the same levels of 

cortisol at baseline. 

Another ANOVA was performed to evaluate the baseline 

post-dexamethasone suppression test cortisol level. There 

were no significant differences between the depressed and 
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nondepressed groups F(l,28) = .22, p = .64. See Table 5. for 

summary results. 

It was necessary at this point to assess variables that 

may affect cortisol secretion, namely steroids and 

medication. All women in the study were post-menopausal and 

six were taking some form of estrogen. Two of the depressed 

only subjects reported taking Lorazipam, a benzodiazepine to 

assist sleep. Analysis of medications by category yielded no 

significant differences between groups in distribution of 

medication and no significant differences correlations 

between medication type and baseline cortisol level or post

DST cortisol level or suppression rate. 

A regression analysis using drug categories as 

predictor variables (namely drugs that fit into the 

psychotropic, blood pressure medication, gastrointestinal 

agents, analgesic, hormones, and vitamin categories (See 

Appendix D for list of drugs and the subjects that were 

taking them.) None of these variables entered the equation 

when the change scores of the cognitive tests were used as 

the dependent variable or when cortisol level, post-DST 

level of He level were used. 

As the depressed and nondepressed subjects in this 

study did not differ on cortisol status, it was not possible 

to test this corollary regarding differences in cortisol as 

predictors of cognitive or olfactory loss. Table 6 is a 
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summary of dexamethasone suppressor status by the four 

groups: normals, depressed only, olfactory impaired only and 

depressed and olfactory impaired. 

Dexamethasone Suppression Test Results 

Table 4. is a frequency distribution of suppression 

status by depression status (i.e., depressed and not 

depressed). There were no differences between those subjects 

with depression and those without depression. However, when 

the groups were evaluated based on depression status and 

olfactory function, there was a nonsignificant trend for 

olfaction, F(l,2B) = 3.25, p = .OB. Using the 5 ug/dL cut 

off for suppression status, there was a significant 

difference between groups in number of nonsupressors, X2 (3, 

N = 30) = 11.52, p < .01, in that depressed olfactory 

impaired showed a significantly higher rate of suppression 

than the remaining three groups. 



Table 4. Biological Measures at Baseline and Follow-up By 
Group 

BASELINE 

LIGAND NORMAL DEP ONLY IMP ONLY DEP IMP 
[n] [8] [10 ] [5] [7] 
CORTISOL 17.63 16.63 16.85 20.36 
(7-24 ug/dL) (5.33) (3.74) (5.91) (5.18 ) 
PDST CORTISOL 4.01 3.06 6.79 6.29 
«5 ug/dL) (5.66) (1. 77) (6.05) (3.26) 
HOMOCYSTEINE 9.08 8.22 12.32 13.28 
(7-24 umol/L) (3.65) (4.37) (5.26) (1. 68) 

FOLLOW-UP 

LIGAND NORMAL DEP ONLY IMP ONLY DEP IMP 
[n] [7] [9 ] [5] [6] 
CORTISOL 18.73 20.24 22.59 27.07 
(7-24 ug/dL) (3.86) (5.98) (5.88) (9.99) 
PDST CORTISOL 5.28 4.12 4.74 8.82 
«5 ug/dL) (7.60) (2.52) (4.12) (7.28) 
HOMOCYSTEINE 8.59 9.43 14.62 11.55 
(7-24 umol/L) (2 .43 ) (2.70) (10.55) (3.00) 
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Note: Mean plasma levels of cortisol, post-DST cortisol and 
homocysteine by group. Standard deviations in parentheses. 
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Table 5. Dexamethasone suppression status by depression 
status. 

BASELINE 

GROUP Nonsuppressors Suppressors TOTAL 
[n, (% of group)] [n, (%of group)] [n, (%of sample)] 

Normal 3 (23.0%) 10 (67.0%) 13 (43.3%) 
Depressed 6 (35.3%) 11 (64.7%) 17 (56.7%) 
TOTAL 9 (30.0%) 21 (70.0%) 30 (100%) 

FOLLOW-UP 

GROUP Nonsuppressors Suppressors TOTAL 
[n, (%of group)] [n, (%of group)] [n, (%of sample)] 

Normal 3 (25.0%) 9 (75.0%) 12 (44.4%) 
..Q.epressed 7 (46.7%) 8 (53.3%) 15 (55.6%) 
TOTAL 10 (37.0%) 17 (63.0%) 27 (100%) 
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Table 6. Dexamethasone suppression status by olfactory 
function and depression group. 

BASELINE 

GROUP Nonsuppressors Suppressors TOTAL 
[n, (%of group)] [n, (%of group)] [n, (%of sample)] 

Normal 1 (12.5%) 7 (77.5%) 8 (27% ) 
Dep Only 1 (10.0%) 9 (90.0%) 10 (33% ) 
Imp Only 2 (40.0%) 3 (60.0%) 5 (17%) 
Dep Imp 5 (71. 0%) 2 (29.0%) 7 (23%) 
TOTAL 9 (30.0%) 21(70.0%) 30 (100%) 

FOLLOW-UP 

GROUP Nonsuppressors Suppressors TOTAL 
[n, (%of group)] [n, (%of group)] [n, (%of sample)] 

Normal 1 (14.3%) 6 (85.7%) 7 (26.0%) 
Dep Only 4 (44.4%) 5 (55.6%) 9 (33.3%) 
Imp Only 2 (40.0%) 3 (60.0%) 5 (18.5%) 
Dep Imp 3 (50.0%) 3 (50.0%) 6 (22.2%) 
TOTAL 10 (37.0%) 17(63.0%) 27 (100%) 
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Corollary 3 to Hypothesis 2 

To test the corollary that HC levels were negatively 

correlated with cognitive function, correlations between HC 

and cognitive variables were done in the overall sample and 

in the depressed and nondepressed groups separately. There 

were no significant relationships between any of the 

cognitive variables and HC level overall or in the 

nondepressed subjects. In the depressed subjects, however, 

there were several trends ~n the expected direction 

(baseline ADAS: r = .37, p = .07; baseline MMSE:' r = -.34, p 

= .09; follow-up ADAS: r = .39, p = .07; follow-up MMSE: r = 
-.40, P = .06; ADAS change scores: r = .26, P = .17; MMSE 

change scores: r = -.33, p = .11). 

Corollary 4 to hypothesis 2 

To test the hypothesis that HC levels would be directly 

related to vitamin levels, a correlational analysis between 

vitamin status and HC levels was performed. The analysis 

yielded no significant relationships between HC and folic 

acid or B12 at baseline. There was a significant correlation 

between HC and total B6, r = .31, p = .05. This is 

inconsistent with the findings of others that the higher the 

HC level, the lower the B6 level. 

At follow-up, however, HC correlated negatively with 

follow-up B12, r = -.37, p = .03, and follow-up folic acid, 
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r = -.40, p = .02. Total B6 values were not available at 

follow-up. Correlations between HC status at baseline and 

follow-up was positive and significant, r = .69, p < .001. 

Folic acid from baseline to follow-up: r = .70, p < .001 and 

B12 from baseline to follow-up: r = .69, p < .001) were well 

correlated. 
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Discussion 

The findings of this study can be summarized in the 

following manner. First, baseline olfactory identification 

impairment, and to a much lesser extent depression, 

predicted cognitive decline in the elderly. Second, and 

consistent with the above, elderly subjects with QQth 

depression and olfactory identification impairment had the 

greatest baseline cognitive dysfunction and showed the 

greatest cognitive decline over a six-month period. Third, 

and in contrast to the above, levels of plasma cortisol, 

post-DST cortisol, and He did not predict cognitive decline 

in the elderly. And nor, fourth, did depressed elderly have 

a higher baseline cortisol level or a higher rate of post

DST nonsuppression than nondepressed subjects. Fifth, and in 

all groups, cortisol levels correlated inversely with 

cognitive function at follow-up. Sixth, He correlated, again 

inversely, with cognitive function only in the depressed 

subjects. Parenthetically, He levels did not correlate with 

vitamin levels at baseline but did upon follow-up. These 

findings, the limitation of the study, and implications are 

discussed below. 



Hypothesis 1: Olfactory impairment and depression predict 

cognitive decline. 
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When the 30 subjects in this study was evaluated as a 

whole, performance on the different cognitive tests yielded 

a decline on the MMSE and BNT. Performance on the ADAS over 

time, however, resulted in a net decrease in number of 

points, which suggests cognitive improvement. This disparity 

between tests may reflect a practice effect on the ADAS that 

has been reported in other samples of normal elderly (Rosen, 

et al., 1984). Olfactory impairment and depression did 

contribute to the amount of variance in the cognitive 

decline on MMSE and BNT, as well as the increase in ADAS. 

This finding, that performance on an olfactory 

identification test can predict cognitive decline in the 

elderly, has not been investigated before this study. It may 

be, as emphasized heretofore, that olfactory identification 

impairment in the elderly is an early indicator of cognitive 

difficulty. Olfactory testing in the depressed elderly, may 

also provide a way to discriminate between those individuals 

who will progress to irreversible dementia and those who 

will not. To be sure, the sample in this study was small and 

generalization to the entire population of elderly people is 

not possible from these findings. Nevertheless, further 

investigation into the predictive power of olfactory 

identification testing seems warranted. 
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For decades, olfactory identification impairment has 

been associated with Alzheimer's disease. But such an 

association has not been made with depression in the 

elderly. The findings in this study, however, suggest that 

evaluating elderly depressed subjects with an olfactory 

identification test may be a useful addition to other 

cognitive screens for assessing elderly people who may be at 

risk for developing progressive cognitive difficulties. 

It is possible that results of the tests in this study 

identified subjects in the early stages of Alzheimer's 

disease, in that olfactory identification impairment is an 

early sign in this disorder. It must be remembered that 

olfactory function declines with age, and therefore, it is 

not by itself a predictor of cognitive decline. It is 

olfactory identification impairment that seems to be the 

critical issue; these discriminative functions necessitate 

involvement of olfactory association cortical regions in the 

anterior temporal lobe including but not restricted to the 

uncus, the amygdala, and possibly projections to widely 

distributed forebrain structures (Brodal, 1981). 

The olfactory identification impaired only group did 

not show as much cognitive decline that those subjects with 

both olfactory identification impairment and depression 

exhibited. This is not to say that subjects in the olfactory 

identification impaired only groups are somehow immune to 



progress to AD, but rather that this group in the current 

study did not exhibit the same cognitive difficulties that 

the depressed olfactory impaired group showed. 

Corollary 1 to Hypothesis 1; Subgrouping the Research 

Sample Highlights the Risk of Having Both Depression and 

Olfactory Identification Impairment 
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When the 30 subjects were assigned to groups based on 

depression scores and olfactory identification ability, 

differences in cognitive performance became more clear. The 

depressed elderly with olfactory identification impairment 

(DEP/IMP) were more cognitively impaired in the beginning of 

the study, and also showed the most cognitive decline over 

the six months of the study. Differences on the cognitive 

tests are discussed below. 

The ADAS scoring system is based on the number of items 

incorrect, such that a higher score is indicative of greater 

cognitive deficit. Cognitive decline was evidenced by the 

average gain of one point in the depressed olfactory 

identification impaired group on the ADAS, whereas the 

remaining three groups showed improvement. It is important 

to note here that the depressed olfactory identification 
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impaired group started out over ten points above the other 

three groups. Their performance was within the range of 

samples of AD patients previously tested (Rosen, et al., 

1984). Rosen and colleagues have shown that the number of 

points gained on the cognitive scale of the ADAS over 12 

months in AD patients was approximately five points. Rosen 

and colleagues also reported a loss of points (meaning an 

improvement in cognitive status) in control subjects. As 

stated above, the normal and olfactory identification 

impaired groups in the current study showed this pattern, 

both groups improving their performance by just under one 

point and 1.8 points respectively. The depressed only group 

showed a striking improvement by an average of five points 

over the six months. 

The contribution of several of the subscales on the 

cognitive part of the ADAS were noted to be more involved 

than others. The recall and recognition parts, although not 

significantly different between groups, showed patterns of 

performance consistent with those found in cognitively 

impaired elderly. The depressed olfactory impaired 

individuals recalled fewer of the words presented and had a 

much flatter learning curve than shown by the other three 

groups. They also had more difficulty with the orientation 

subscale than did the other subjects. These problems with 

orientation and recall were assessed again with the MMSE, so 
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some of the deficits are represented on both tests. These 

three subscales-- recall, recognition, and orientation--have 

been shown to be predictors of cognitive decline on the ADAS 

(Zec, et al., 1993). 

It should also be noted that as a whole the olfactory 

impaired group was better educated than the normals or the 

depressed only groups. The depressed olfactory impaired 

group had a higher level of education than these groups as 

well. In other words and in general, olfactory 

identification impaired and depressed olfactory 

identification impaired subjects were better educated than 

either the normals or the depressed only subjects. This 

difference did not seem to affect cognitive test 

performance. 

The average cognitive loss on the MMSE for the 

depressed olfactory impaired group was 1.5 points. Other 

studies have shown that Alzheimer's patients lose on average 

between two and five points on the MMSE (Tombaugh & 

McIntyre, 1992). Although cognitive decline in AD is not 

linear and all patients do not decline at the same rate, the 

average loss in this group over a 12-month period would be 

predicted to be twice this figure (three points). For 

argument's sake, this predicted figure would fall in the 
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performance range of AD patients. Decline on this measure 

may have been a result of change in depression status over 

time, as half of the people in the depressed olfactory 

identification impaired group gained an average of four 

points on the GDS, suggesting that they became more 

depressed. Similarly, the other half of the group lost an 

average of four points meaning the depression was perhaps 

lessening in severity. Alternatively, the members of this 

group may represent a sample of yet undiagnosed AD patients. 

The other three groups in the study showed some changes from 

baseline over time-- normals losing .30 of a point, 

depressed only improving by .80 of a point and the olfactory 

identification impaired group losing .80 of a point. Once 

again, depression and odor identification impairment appear 

to playa role in cognitive dysfunction. 

Performance on the BNT was also significantly lower in 

DEP/IMP at baseline and at follow-up. These subjects 

performed the most poorly of all and had the greatest 

decline on this measure. Unlike the results of the other 

tests for dementia, performance on the BNT seems to be 

influenced more by the effects of depression than by 

olfactory identification ability. It could be that the BNT 
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is not as sensitive to change in cognitive status as either 

the MMSE or the ADAS, but this is only a speculation. 

Hypothesis 2: In the Context of Depression, GCls and EAAls 

Contribute to Cognitive Loss 

When all groups of subjects were evaluated as a whole, 

neither pre- or post-DST cortisol levels predicted loss of 

cognition on any of the cognitive measures. The same was 

true of HC level. There were trends in higher post-DST 

cortisol levels suggesting dysfunction of the hypothalamic

pituitary-adrenal axis (HPA) which in turn might go along 

with the cognitive difficulty. On the other hand, it 

appeared that baseline plasma levels of cortisol and HC do 

not provide such tentative correlation. This premise is 

obviously difficult to assess in the relatively small number 

of people tested. 

Corollary 2 to Hypothesis 2: Cortisol Levels are Highest in 

the Depressed Olfactory Identification Impaired Group 

Overall, the basal levels of cortisol in each of the 

four groups in this study were within clinically normal 

range (7-24 ug/dL). The depressed olfactory identification 

impaired group, however, had a much higher mean than the 
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other three groups. This result was surprising because it 

had been expected that both the depression groups would have 

higher cortisol levels than normals. In this regard, several 

investigators have reported elevations in baseline cortisol 

in depressed research subjects and clinical patient 

populations (Faustman, et al., 1990; Ferrier, et al., 1988; 

Fogel, Satel, & Levy, 1985; Jacobs, et al., 1984; Maes, et 

al., 1991; Rubinow, et al., 1984; Schweitzer, et al., 1991; 

Stokes & Sikes, 1991). But to date, no one in the large 

literature reviewed in this study has reported such findings 

in depressed elderly with olfactory identification 

impairment, so even this relatively slight elevation in the 

mean is of interest. 

The expected elevation in cortisol level in the 

depressed only group was not evident at baseline or at 

follow-up. This absence may be due to the measure of 

depression used (GDS; Yesavage & Brink, 1984), an anomalous 

sample of subjects, or the relatively small sample size. In 

many of the other studies mentioned, the DSM-III-R criteria 

for major depressive disorder was used, whereas in the 

present study, self-report of depressive symptoms was the 

criterion. However, the significant relationship between 

self-report on the GDS and experimenter ratings on the MADRS 

(Montgomery & Asberg, 1979), suggest that the GDS was 



sufficient to identify subjects with depression in this 

sample. 
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Subjects self-report were also used for the blood 

collection procedures (i.e., did the subject fast the night 

before the blood draw, were there any medications in the 

exclusion criteria that the subject did not 'mention to the 

experimenter, and so forth). Self-report was also used in 

the DST procedures; subjects were contacted by phone the 

night before to insure that they had taken the dexamethasone 

pill. Self-reporting is a limitation of the research design 

in that, but with community dwelling subjects, it is not 

possible to monitor behavior outside of the clinic. 

There was also a prior expectation that the olfactory 

identification impaired group would have a higher basal 

level of cortisol. This assumption was based primarily on 

the animal literature, in which olfactory bulbectomy appears 

to be associated with a marked elevation in corticosterone 

in the rat (for example, see Cairncross, Wren, et al., 

1979). An extension of these findings in rats to humans with 

olfactory identification impairment could lead to 

speculation that the end product, i. e., olfactory 

identification impairment, may result from damage to the 

bulb or to its central projection--that is, a sort of 

IIfunctional bulbectomyll. 
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On the other hand, the olfactory identification 

impairment may not reflect a specific pathology in the 

olfactory subsystem of the brain. It may, in fact, be one of 

many results of the aging process, since a loss of olfactory 

ability, expressed in both decreased odor discrimination and 

an increase in olfactory threshold are well recognized 

concomitants of advancing age (Deems & Doty, 1987). Indeed, 

this loss of the sense of smell is reported by many elderly 

people, as well as by their families, friends, and health 

care providers. Without postmortem data from the subjects 

with c1inicoanatomica1 correlation, or without antemortem 

biopsy of the nasal mucosa, the significance of these 

findings can only be speculated upon. possible explanations 

could include peripheral sensory receptor loss, rhinitis, 

perhaps even malingering. 

Age and cortisol output also show a nonlinear 

relationship that could alter the interpretation of this 

study. The cortisol output pattern in normal, healthy 

elderly people does not increase until "old-old" age (after 

the age of 80). On the other hand, in depressed subjects of 

all ages, cortisol output increases (see Sapo1sky, 1992). 

Accordingly, this factor--age-- was controlled statistically 

in all aspects of the study. Nevertheless, the possibility 

remains that in the present study, the higher cortisol 

levels in the depressed olfactory impaired group indicated 
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subjects potentially in the early stages of AD, even though 

subclinically. 

There are several extraneous variables that can alter 

cortisol production and thus alter the results of the 

dexamethasone suppression test. Of these, steroids, such as 

estrogen, and certain drugs, like the benzodiazepines, can 

increase cortisol and result in a false negative DST. All 23 

women in this study were post-menopausal and six of them 

were on estrogen replacement. The prevalence of such 

estrogen replacement did not differ between groups nor did 

it appear to influence the level of cortisol within or 

between groups. Additionally, two of the depressed only 

subjects took Lorazipam as a sleeping aid, but this did not 

appear to influence cortisol output or DST results either. 

The clinical relevance of elevations of cortisol in the 

depressed olfactory identification impaired group is 

unclear, as most were within normal range. Long-term 

elevation in cortisol has been associated with a variety of 

immune system dysfunctions, ulcers, and other physiological 

changes (Stokes & Sikes, 1991). In the present study, basal 

levels of cortisol on follow-up were slightly higher for all 

groups, with the depressed olfactory identification impaired 

group leaving the normal range (mean level = 27.07 ug/dL). 

The rise was due to one outlier (44 ug/dL) creating a large 

amount of variance within the group. 



87 

Some subjects expressed concern at follow-up about the 

amount of blood that had been drawn earlier at baseline. 

Therefore, the overall rise could be associated with anxiety 

about the total amount of blood drawn. Since these concerns 

were not documented at the time, it is not possible to state 

whether the distribution of subjects with anxiety about the 

blood draws fell into one group or another. 

These findings are in contrast to the Glucocorticoid 

Cascade Hypothesis (GCH) on which the empirical question 

underlying the present study was based (Sapolsky, Krey, 

McEwen, 1986). The GCH suggests that even slight elevations 

in cortisol over time could place certain neuronal 

populations at risk, namely, the CA (cornu Ammonis) fields 

of the hippocampus. The GCH further implies that these 

vulnerable cells exposed additionally to a rise in 

excitatory amino acids would be in double jeopardy of cell 

dysfunction, perhaps to such degree as to lead to cell 

death. Such a result becomes even more plausible when one 

considers that the neuronal morbidity might lead to 

accumulation of EAA in synaptic clefts. 

Sapolsky proposes several alternatives that may explain 

the variability of cortisol levels in human depressives: 

" ... humans may differ markedly in their concentrations of 

hippocampal corticosteroid receptors prior to the stressor, 

in their sensitivity to stress-induced down-regulation, and 
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in the threshold of down-regulation in which cortisol 

hypersecretion ensues ... the heterogeneity of syndromes of 

depressive hypercortisolism (i. e., some individuals 

hypersecrete basally but are responsive to dexamethasone, 

others, the opposite, and so on) initially seems to argue 

against the hippocampus as a sole cause of hypersecretion" 

(Sapolsky, 1992, page 337). 

Following up on Sapolsky's thought and with specific 

reference to the GCH, the findings of the present study can 

be interpreted to support mechanisms other than selective 

hippocampal involvement. As explained, it was established 

that olfactory identification impairment contributed 

significantly to the decline on the MMSE and BNT. Odor 

discrimination impairment also contributed to the results on 

the ADAS, such that the less impairment, the more likely the 

subject was to improve on the test. 

It was hypothesized that the depressed only group 

would show an approximately 50% DST-nonsuppression rate. 

However, the number of subjects in each category showing 

nonsuppression did not fit this prediction. At baseline, the 

depressed only group showed only a 10% nonsuppression rate. 

Whether this was due to sampling bias, individual 

differences in metabolism of dexamethasone, or other 

factors, or was simply an anomaly, is not known. On follow-



up, however, the incidence of nonsuppression in this group 

rose closer to expected values, specifically to 44.4%. 
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By contrast, in the depressed olfactory identification 

impaired group at baseline, 71% were nonsuppressors. This 

finding was equally surprising: it is much higher than 

expected, although it must be stated here, that the 

nonsuppression rate in this group, either in a research 

setting or in the general population, has never been 

determined (to the best of current knowledge). How can this 

finding be explained? It could be argued that since 

dexamethasone nonsuppression can be state-dependent, i.e., 

occur more frequently with depression, the higher incidence 

may relate to the depression status of the subjects at the 

time of the DST. At follow-up the incidence of 

nonsuppression was still elevated: 50%. Since at this later 

time, about half the individuals in this group were less 

depressed, there may be an alternative or perhaps additional 

explanation to purely state-dependent nonsuppression. Recall 

that this group also declined on the olfactory 

identification test. Thus, it is possible and indeed 

reasonable to speculate that a more permanent and 

progressive process is involved. 

Both the normals and olfactory identification impaired 

only groups were stable with regard to nonsuppression rate 

between baseline and follow-up (see Table 6). The 



variability in the depressed groups may reflect change in 

depression status as most, but not all, became less 

depressed over the course of the study. A decrease in 

depression is obviously inconsistent with an increase in 

nonsuppression rate (Carroll, et al., 1981). 
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It is possible that in some subjects the type of 

depression present at baseline differed from that at follow

up. In this regard, the reversible nature of HPA-dysfunction 

in depression could explain why some suppressors later 

became nonsuppressors. Such a change has been found by some 

(not all) to be predictive of relapse in depression 

(Ribeiro, et al., 1993; Stokes & Sikes, 1991). 

Unfortunately, subjects in the present study were not 

followed long enough to permit such assessment. 

The possible role of GC-release and metabolic changes 

in the elderly may provide an explanation. The lower dose of 

dexamethasone in the present study (0.5 mg) in the context 

to the 1.0 mg of the standardized version of the DST, may 

have a shorter half-life of dexamethasone, thus less may be 

available (Sapolsky, 1992, p. 319). It thus would not have 

been in sufficient levels to suppress the diurnal output of 

cortisol. 

Levels of post-DST dexamethasone were not measured. 

Such measurements would have detected any decrease in 

dexamethasone level and permitted identification of those 
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subjects either not absorbing the ligand or clearing it more 

quickly, as well as identification of those individuals with 

sufficient levels of dexamethasone to suppress the cortisol. 

Another possible explanation for the disparity between 

change in suppressor status and depression status could be 

the mix of depression-onset in the sample. Some 

investigators have reported that late-onset depressives have 

a higher rate of dexamethasone nonsuppression than early

onset depressives (Alexopoulos, 1991). In the current study, 

as in many other studies, there were both early-onset (53%) 

and late-onset (47%) depressives. As this mix was 

distributed evenly across both the depression groups, the 

above explanation if correct, would apply to both groups. 

Corollary 1 to Hypothesis 2; Post-DST Cortisol Levels Can 

Predict Cognitive Dysfunction 

Some have shown that cortisol levels can predict 

severity of cognitive symptoms (Rubinow, et al., 1984, 

Seigel, et al., 1987). Because this finding is disputed ~n 

the literature, it was tested. As explained above, cortisol 

levels at baseline did not correlate with any baseline 

cognitive variables. At follow-up, however, there were 

relationships between pre-DST cortisol levels and every 

cognitive test administered at that later time. Thus, over 



time the hypothesis seems to hold true: the higher the 

cortisol, the larger the cognitive deficit. 

The baseline post-DST had a positive correlation, 

though not significant, with baseline ADAS. A negative 

relationship appeared between post-DST cortisol level and 

baseline MMSE and BNT, which in all cases meant that the 

higher the cortisol level, the more sever the cognitive 

impairment. These relationships persisted at follow-up. 
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HPA-dysfunction has been posited as an end-result of 

cell loss in the hippocampus; such loss would alter the 

feedback controlling GC output. The data emergent from the 

present study, offer only limited, indirect support for 

Sapolsky's hypothesis, i. e., that hippocampal neuronal 

damage or death is a root cause of HPA-dysfunction in 

depression. As pointed out above, basal cortisol output did 

correlate with cognitive dysfunction, but only at follow-up. 

In this regard, recall that the three subjects who for one 

reason or another failed to return for follow-up may have 

influenced the findings in reference to mean cortisol level 

as this measure was unavailable for two of the three but 

cognitive data were available. 
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Corollary 3 to Hypothesis 2: HC Levels Correlate Negatively 

with Cognitive Dysfunction in Depression 

Baseline homocysteine levels did not correlate with 

cognitive dysfunction on the various cognitive measures when 

the sample was evaluated as a whole at that time. The 

depressed subjects, however, showed several trends 

suggesting a contribution of HC in cognitive performance and 

as expected (Bell, Edman, Selhub, et al., 1992), the higher 

the HC levels, the more cognitive deficit was noted. 

Further analysis, however, of individual differences 

between depressed only and depressed olfactory 

identification impaired subjects revealed significant 

relationships between HC and cognitive dysfunction. In 

essence, the higher the HC level, the more cognitively 

impaired the depressed subject was. 

Except within the context of genetically determined 

homocysteinemia, studying the role of HC in cognitive 

function is a relatively new concept. In homocysteinemia, 

even young patients can show mental retardation and other 

cognitive difficulties (see Clarke, et al., 1991). The 

detrimental effects of elevated homocysteine can be severe, 

including but not restricted to premature onset of 

atherosclerosis, coronary heart disease, and significantly 

increased risk for cerebrovascular disease. 
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In geriatric depressives with cognitive impairment, on 

the other hand, the elevations in He do not have the cornmon 

underlying cause characteristic of homocysteinemia. The 

problem may lie in B6 or B12 avitaminosis or in folate 

deficiency, perhaps in some other metabolic disturbance. 

Nevertheless, there may be parallels in the ultimate 

outcomes in terms of neuropathology from high He levels what 

ever the cause. 

These data, then, are consistent with Bell, et al., 

(1992), in that the depressed elderly inpatients with 

significant cognitive dysfunction in that study showed 

higher levels of HC than nondemented patients. Furthermore, 

demented pati~nts with vascular risk factors in the Bell 

study, had the highest levels of He. Yet, when vascular risk 

factors were controlled statistically, Bell's group found 

that depressed patients without vascular risks showed the 

most cognitive disability on the MMSE. This finding suggests 

that although HC is a marker for vascular risk factors, 

depressed elderly with cognitive impairment that do not have 

vascular risk factors are nevertheless at risk for 

developing dementia. In their case, the dementia would 

appear to be of a nonvascular nature, but since the He 

levels were elevated, this amino acid may still be playing a 

role in the nonvascular dementing process, albeit more 

subtly. 
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Homocysteine and its metabolites activate the glutamic 

NMDA receptor subtype. Glutamate, a neuroactive substance 

associated with predominantly excitatory effects on its 

target cells, has been studied extensively in the depressed 

as well as in the demented populations (Altamura, et al., 

1988; Basun, et al., 1990; Bottiglieri, et al., 1992; Coyle 

& Puttfarcken, 1993; Krogsgaard-Larsen, Wahl, Schousboe, 

Madsen, & Hansen, 1993). In Alzheimer's disease, glutamate 

appears to be elevated in the early stages. But as the 

disease progresses and the dementia becomes more severe, 

glutamate levels decline below normal. The mechanism 

underlying this reversal is not fully understood. It has 

been speculated that the excessive synthesis and release of 

glutamate early on somehow compromises neuronal functions 

so as to lower glutamate production, and further, lead to 

cell death. 

Others have reported that homocysteine levels are 

elevated in subjects with even marginal vitamin deficiencies 

(Stampfer & Willatt, 1993). Cognitive difficulties due to 

B12 deficiency in the elderly may present as dementia, which 

can usually be reversed with vitamin supplementation but 

only early in the course of deficiency (Hector & Burton, 

1988). Of the subjects tested in this study, none were 

outside the clinically normal range for B12 (200-900 mg/dL), 



though six were in the low-normal (200-250 mg/dL). Two of 

these subjects had homocysteine levels above 11 pmol/dL. 
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Corollary 4 to Hypothesis 2: HC levels correlate negatively 

with levels of Vitamin B12, B6, and Folic Acid. 

It was expected that HC levels would negatively 

correlate with vitamin B12, B6, and folic acid levels. In 

this study, no significant relationships were noted at 

baseline between HC and any of the B vitamins or folic acid. 

There were, however, significant relationships at follow-up. 

Could this change have reflected the departure of three 

subjects between baseline and follow-up? To investigate this 

question, these three subjects were excluded from the 

analysis--to see if the relationships expected (but not 

found; see above) at baseline appeared. They did not. 

By themselves, homocysteine levels did not change from 

baseline to follow-up. This stability may be related to 

their vitamin profiles: these were also relatively stable at 

least for levels of B12 and folate. But they did show 

striking differences among the groups, as follows. Both the 

depressed only and the depressed olfactory identification 

impaired groups had significantly higher HC levels than 

their non-olfactory impaired counterparts, rising to over 

13.0 urnol/L at baseline and nearly 15.0 at follow-up. 



Clinically, these elevations are very important. Levels of 

above 11.0 umol/L are associated with vascular risk factors. 

Depressed elderly usually do have increases in vascular risk 

factors compared with normal controls (Coffey, Figiel, 

Djang, & Weiner, 1990). Although overall, none of the groups 

differed in prevalence of such conditions as high blood 

pressure, diabetes, or heart disease, or in the number of 

smokers, it is the high HC in and of itself that represents 

a unifying risk. 

In closing this discussion, several other interesting 

findings may be touched upon. First, some investigators have 

reported that homocysteine levels are elevated in subjects 

with even marginal vitamin deficiencies (e. g., Stampfer & 

Willatt, 1993). Second, dementia, often regarded as an 

irreversible process, is sometimes not so. For example, 

cognitive difficulties due to B12 deficiency in the elderly 

may present as dementia, but can usually be reversed with 

vitamin supplementation, as long as this therapeutic measure 

occurs early in the course of that deficiency (Hector & 

Burton, 1988). 

In this connection, the B-vitamin status of the 

subjects tested in the present study was not remarkable. 

None were outside the clinically normal range for B12 (200-

900 mg/dL), although six were low-normal (200-250 mg/dL). 
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Two of the latter subjects had homocysteine levels above 11 

umol/L. 

Third and finally, a relatively minor point that needs 

to be noted is the relationship between the levels of 

homocysteine and B12. In the present study, the sample 

levels of He and B12 did not correlate at baseline, although 

they did--strongly--upon follow-up. This partial lack of 

correlation is clearly inconsistent with other studies 

(Joosten, et al., 1993; Selhub & Miller, 1993; Stampfer & 

Willatt, 1993). In all those investigations the correlation 

is extremely tight, but it is important to note that the 

substances were compared on a one-time-only basis--not at 

baseline and follow-up time points as in the present study. 

The inconsistency, then, could reflect an anomalous subject 

pool or variation in laboratory techniques from those used 

by the other investigators. 
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Conclusion 

Elderly depressed subjects with olfactory 

identification impair.ment show the greatest cognitive 

impair.ment at initial evaluation and the largest amount of 

cognitive decline over a six month period. This loss is 

associated with elevated levels of cortisol and homocysteine 

and a greater amount of hypothalamic-pituitary-adrenal-axis 

dysfunction. 

Although the theoretical framework on which the 

hypotheses for this study were based appeared, in part to be 

supported, namely the Glucocorticoid Cascade Hypothesis, the 

findings involving the olfactory identification impair.ment 

suggest that other mechanisms may also underlie cognitive 

decline in the elderly depressed. There is also suggestion 

that a more per.manent, progressive process is present in a 

subset of the research sample evaluated in this study. 

Together, the data support an argument for the 

involvement of the olfactory system and biological 

components that are common to both depression and dementia 

as possible contributors to psychopathology in the aged. 

Further research with larger samples and more rigorous 

neuropsychological evaluation is a necessary next step to 

further understanding this phenomenon. 
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APPENDIX A 

SUBJECTS SELECTION PROCEDURES 

Screening procedure 

All potential subjects were called back by the 

experimenter or trained research assistants. Subjects were 

asked questions regarding their perceived level of 

depression and whether they had been diagnosed with 

depression by their physician. They were asked if they had 

any concerns about their memory. The background of the 

research being conducted and a brief explanation of the 

testing procedures was given. This included an explanation 

of the potential role of depression in memory loss, a brief 

description of the olfactory identification test, the 

neuropsychological tests and biological measures that would 

be evaluated. If the potential subject expressed interest in 

continuing the interview, the interviewer administered the 

Geriatric Depression Scale (GDS) (Yesavage & Brink, 1983). 

The GDS is a self-rated depression screening tool, 

indicating self perceived depressive symptomatology. 

Evaluation using a list of medical and psychological 

inclusion and exclusion criteria was conducted (see Appendix 

B). A basic medical history was taken and current 

medications were noted. The subject was told that the 

medical advisor would review the clinical information for 
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. 
final approval and that we would contact them to schedule an 

appointment if they met criteria for participation. 

Final Subject Inclusion 

Iris R. Bell, M.D., Ph.D., reviewed and approved the 

summary data from the telephone interviews. If subjects met 

inclusion criteria and expressed interest in participating 

in all aspects of the study at baseline and six month 

follow-up, they entered the protocol. 

Informed Consent 

Each subject was met by an interviewer and brought into 

a testing room. The subject was asked to read and sign a 

consent form. The subjects were instructed not to sign the 

consent form until all of their questions had been answered. 

The risks and benefits of the study were explained in 

detail. All subjects were judged to be competent to 

understand the nature of the study and to be able to 

complete all aspects of the experiment. The experimenter 

also signed the form. Testing did not proceed until subjects 

signed the consent form. Subjects received a copy of the 

consent form; the original was kept on file in the 

Psychiatry Trainees' office on the seventh floor of the 

University Medical Center. 
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Subject Payment 

Each subject was given $20.00 for participation in the 

protocol after the follow-up visit. The payment was mailed 

to their individual residences. 
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APPENDIX B 

INCLUSION AND EXCLUSION CRITERIA 

Inclusion 

Subjects were admitted into the study if they: 

1) were age 65 +i women must be post menopausal 

2) had a MMSE score between 15-30 (inclusive) 

3) lived at horne and/or have an appropriate caregiver, with 

certain exceptions considered on a case-by-case basis. For 

example, a patient in a residential nursing facility may be 

eligible provided that there is a family member who 

interacts substantially with the patient on a frequent basis 

and can assist with completion of the assessment accurately. 

4) were in reasonably stable health as determined by 

interview with subject, and when possible, with spouse or 

family member and medical history. 

5) were able to read, write and speak English and finish 

the psychometric tests in a reliable manner. 

6) understood their participation in the study by reading 

and signing an Informed Consent form outlining the risks and 

benefits. 

Exclusion 

Subjects were not admitted into the study if they: 

1) were unable to participate in or complete the protocol. 
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Inclusion/Exclusion Criteria continued ... 

2) had any other significant neurological disorder (for 

example, but not limited to, epilepsy, Parkinsonism, 

Huntingtons chorea). Patients could not have had any seizure 

activity during the past 5 years or a diagnosis of epilepsy 

at any time. Stroke history or vascular risk history was 

acceptable. 

3) had a significant or uncontrolled physical illness, 

e.g., cardiac, cardiovascular, pulmonary, gastrointestinal, 

peptic ulcers, renal endocrine, immunologic, hepatic, 

insulin-dependent diabetes, Lupus erythematosus, etc. A 

subject could not currently have cancer of any type but 

could have had cancer in the past, unless it involved the 

central nervous system, if it is known to be cured by 

current standards. 

4) had a history of severe head trauma with loss of 

consciousness in the past 5 years, or if they had head 

trauma at any time in the past that resulted in previously 

recognized intellectual decline. 

5) had a history of mental retardation 

6) currently manifested, or had met during the past 5 years 

criteria for psychosis, borderline states, severe behavior 

disorders, serious psychosomatic disorders, drug or alcohol 

abuse, addiction or withdrawal from alcohol or addictive 

drugs. 



Inclusion/Exclusion Criteria continued ... 

7) had taken any investigational or unapproved drug during 

the past 2 months. 

8) currently used or had used in the past 2 months, any of 

the following groups of medications: cognitive enhancers, 

anti-psychotics, anxiolytics, lipophilic beta-adrenergic 

blocking agents, sedative-hypnotic agents for sleep 

(frequent and/or chronic use). 

9) exhibited or suggested they may exhibit behavior that 

would not be conducive to the testing procedures or to 

returning for completion of the study in a reliable manner 

(e.g., verbal statement of noncompliance). 
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APPENDIX C 

AMINO ACIDS, VITAMINS, AND METABOLITE LEVELS BY GROUP 

GROUP 
[n] 

~YSTEINE 
(no known ranqe) 

!HOMOCYSTEINE 
(3-24 nmol/ml) 
PLP 
(>20 pmol/ml) 

IFOLIC ACID 
( 2 -1 0 nq / ml ) 
~6 (TOTAL) 
(120-540 pmol/ml) 
~12 
(200-1000 pq/ml) 

GROUP 
[n] 

~YSTEINE 
(no known range) 

!HOMOCYSTEINE 
(3-24 nmol/ml) 
PLP 
(>20pmol/ml) 
FOLIC ACID 
(2-10 ng/ml) 
B6 (TOTAL) 
(120-540 pmol/ml) 
B12 
(200-1000 pg/ml) 

BASELINE 

Normal 
[8] 

287.00 
(81.58) 

9.08 
(3 .65) 
30.90 

(16.28) 
5.82 

(4.34) 
169.88 
(82.50) 
586.78 

(472.20) 

Dep Only Imp Only Dep Imp 
[10] [5] [7] 

262.30 319.8 324.14 
(100.56) (23.90) (57.50) 

8.22 12.32 13.28 
(4.37) (5.26) (1. 68) 
47.59 60.70 43.91 

(35.97) (52.32) (26.28) 
5.57 8.89 7.30 

(5.57) (9.40 ) (7.17) 
179.70 222.80 178.86 
(51.20) (70.10) (66.50) 
665.38 834.34 514.75 

(449.44) (774.50) (138.7) 

FOLLOW-UP 

Normal 
[7] 

232.31 
(44.68 ) 

8.59 
(2 .43 ) 
82.15 

(37.12) 
13.11 
(5.35) 

NOT DONE 

541.00 
(176.18) 

Dep Only Imp Only Dep Imp 
[8] [5] [6] 

236.18 247.45 247.85 
(43.64) (11. 46) (25.27) 

9.43 14.62 11.55 
(2.70) (10.55) (3.00 ) 
134.02 121. 89 62.60 
(97.83) (68.12) (26.35) 
13.73 14.15 18.10 
(9.95) (11.05) (9.54) 

NOT DONE NOT DONE NOT DONE 

662.00 773.00 510.00 
(238.50) (541.67) (187.10) 

Note: Means and (standard deviations) for each group. 
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APPENDIX D 

DISTRIBUTION OF MEDICATIONS BETWEEN GROUPS 

MEDICATION CATEGORY NORMAL DEP ONLY IMP ONLY DEP IMP 
[n] [8] [10] [5] [7] 

ANALGESICS 3 4 3 1 

CARDIAC/BLOOD PRESSURE 2 5 4 2 

GASTROINTESTINAL 0 '3 0 1 

HORMONES 2 8 0 1 

PSYCHOTROPICS 0 2 1 1 

VITAMINS 6 2 1 2 

Frequency of medication taken by members of each group. 
Kruskal-Wallis analysis of 3 or more groups, significance 
level a = .05, H corrected for ties, yielded no 
significant differences between groups for the medication 
categories. 
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