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The authors examined relationships between chronic stress and cognitive decline and whether such
relationships were mediated by psychophysiological factors. Ninety-six caregivers of spouses with
Alzheimer’s disease (AD) were compared with 95 similar noncaregiver spouses. All were free of
diabetes. Although the groups started similarly, over 2 years caregivers declined by a small but
significant amount (1 raw score point and 4 percentile points, each p < .05) on Shipley Vocabulary. In
contrast, noncaregivers did not change. Higher hostile attribution (8 = —.09; p < .05) and metabolic risk
(B = —.10; p < .05) in caregivers mediated the cognitive decline. This is the first study of cognitive
decline and mediators in caregivers. This work has implications for caregiver and care-recipient health
and for research on cognition, psychophysiology, diabetes, and AD.
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In this article, we examine relationships between chronic stress
and cognitive decline in older adults and assess whether such
relationships are mediated by psychophysiological factors. Previ-
ous studies have suggested that chronic stress is associated with
decrements in short-term memory and attention (Brand, Hanson, &
Godaert, 2000; Bremner, 1999; Levy, Dachir, Arvel, & Kadar,
1994; Mahoney, Dalby, & King, 1998) and that such relationships
may be mediated by psychophysiological processes (de Kloet,
Oitzl, & Joels, 1999; Lupien et al., 1994; McEwen & Magarinos,
1997; Newcomer, Craft, Hershey, Askins, & Bardgett, 1994).
Potential psychosocial mediators are anxiety, depression, and hos-
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tility. Anxiety and depression are positively associated with
chronic stress (Korte, 2001; Leonard & Song, 1997; Norris & Uhl,
1993) and negatively associated with cognitive functioning (Kizil-
bash, Vanderploeg, & Curtiss, 2002; Sinoff & Werner, 2003).
Hostility is positively related to both chronic stress (Steptoe &
Marmot, 2003) and lower metabolism in the prefrontal cortex
(Shapiro et al., 2000). It is important to note that the lack of
cerebral energy can negatively influence cognitive processes, in-
cluding the encoding and retrieval of verbal memory (Saykin et al.,
1999; Shallice et al., 1994), associated with this brain region.

Potential physiological mediators of chronic stress and cognitive
functioning include elevated blood pressure and metabolic dys-
regulation such as greater risks for insulin resistance (e.g., obesity,
elevated insulin). These physiological indices are positively asso-
ciated with chronic stress (Schneiderman & Skyler, 1996) and
negatively associated with cognitive functioning (Elias, Wolf,
D’Agostino, Cobb, & White, 1993; Waldstein & Katzel, 2001;
Walker, Berrish, James, & Alberti, 1994). Insulin resistance and its
indicators are also associated with neurodegeneration and neuro-
toxicity (Coutinho, Gerstein, Wang, & Yusuf, 1999; Walker et al.,
1994).

One chronic stressor that has received much attention is caring
for a spouse with Alzheimer’s disease (AD), a progressive degen-
erative disorder. Spouse caregivers of persons with AD are ex-
posed to numerous long-term stressors as their care recipients’
health declines. These stressors include helping care recipients
with maintenance (e.g., eating, hygiene) and higher functioning
(e.g., talking, writing) activities as well as contending with the
mood (e.g., depression, anger) and behavioral (e.g., agitation,
paranoia) problems of their care recipients (Haley, Levine, Brown,
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& Bartolucci, 1987; Teri et al., 1991). Indeed, meta-analyses
conducted with caregivers have shown them to be at higher risks
for physiological and health problems (Vitaliano, Zhang, & Scan-
lan, 2003) and psychosocial problems (Pinquart & Sorensen, 2003)
than noncaregivers. Apart from our study, however, only two other
articles have examined cognitive functioning in caregivers relative
to noncaregivers (Caswell et al., 2003; Lee, Kawachi, & Grodstein,
2004). This is surprising because cognitive functioning is an im-
portant concomitant of chronic stress.

In the first article, spouse caregivers of persons with AD (n =
44) were shown to have lower digit symbol scores (a measure of
psychomotor speed and problem-solving requiring code substitu-
tion) than demographically similar spouse noncaregivers (n = 77).
In the second article, Lee et al. (2004) used the Nurse’s Health
Study of women (N = 11,000-13,000) and assessed immediate
and delayed recall, verbal fluency, and digit span backward test
results. Higher risks of a low score on three cognitive tests were
observed among spouse caregivers than among spouse noncaregiv-
ers. Unfortunately, these studies were cross-sectional and did not
assess cognitive decline or the physiological mediators of such
decline, factors that are relevant to health maintenance in caregiv-
ers, care recipients, and older adults in general.

It is important to note that the same psychophysiological factors
that may mediate relationships of chronic stress and cognitive
functioning in the general population may also be relevant to
caregivers. Caregivers have been found to exhibit higher levels of
depression, anxiety, and anger and hostility than noncaregivers
(Baumgarten et al., 1992; Gallagher, Wrabetz, Lovett, Del Mae-
stro, & Rose, 1989; Harwood et al., 1998; Russo, Vitaliano,
Brewer, Katon, & Becker, 1995; Vitaliano et al., 2002). Caregivers
also have been found to have higher levels of insulin and obesity
than demographically similar noncaregivers (Vitaliano, Scanlan,
Krenz, Schwartz, & Marcovina, 1996), and, caregivers who are
high in trait anger and/or hostility have been found to have higher
glucose levels than noncaregivers who are high in trait anger
and/or hostility (Vitaliano, Scanlan, Krenz, & Fujimoto, 1996).
Studies of metabolic measures have been less prevalent than those
of blood pressure, but the latter have yielded mixed results de-
pending on the assessment procedure used and study environment.
For example, laboratory and in-home (interviewer assessed) blood
pressures have not resulted in main effect differences for caregiv-
ers and noncaregivers (Picot, Zauszniewski, & Delgado, 1997;
Shaw et al., 1999; Vitaliano, Russo, Bailey, Young, & McCann,
1993). In contrast, caregivers and noncaregivers have been shown
to differ in their ambulatory blood pressure depending on whether
they are at home or at work. Caregivers’ ambulatory blood pres-
sure is higher in their homes than at work, whereas the noncar-
egivers’ ambulatory blood pressure is higher at work than at home
(A. C. King, Oka, & Young, 1994).

Given previously observed relationships among chronic stress,
psychophysiological functioning, and cognitive factors, we hy-
pothesized that spouse caregivers would show greater cognitive
decline than demographically similar noncaregiver spouses. We
also hypothesized that if a relationship between cognitive status
and cognitive decline should exist, psychosocial (anxiety, depres-
sion, hostility) and physiological (insulin, obesity) variables would
mediate this relationship, even after the consideration of other
potentially important covariates (e.g., demographics, medications).
By comparing cognitive decline in older adult caregivers with
cognitive decline in older adult noncaregivers, we attempted to

distinguish cognitive changes associated with caregiving from
those associated with age and its correlates. This is important
because older adults are at greater risk for cognitive impairment
(Jorm, Korten, & Henderson, 1987; Park, 1996) and for chronic
illnesses that may compromise cognitive function (Desmond,
Tatemichi, Paik, & Stern, 1993; Elias et al., 1993; Haan, Sheman-
ski, Jaqust, Manolio, & Kuller, 1999; Strachan, Deary, Ewing, &
Frier, 1997) than younger adults.

Method
Design and Participants

We used the course of AD in care recipients as a chronic stressor for
their spouse caregivers. We assessed spouse caregivers’ temporal cognitive
and psychophysiological reactions to stressors relative to noncaregivers
twice, at study entry and at study follow-up 2 years later.

Caregiver couples were recruited from (a) mailings to physicians, (b) the
University of Washington AD registry, (c) the AD Association, and (d)
printed and electronic media. Criteria for care recipient inclusion were (a)
living with ’a spouse who is the primary caregiver, (b) being at least 55
years old, and (c) having a diagnosis meeting the criteria for dementia of
the Alzheimer’s type (Diagnostic and Statistical Manual of Mental Disor-
ders; 4th ed.; American Psychiatric Association, 1994) or possible or
probable primary degenerative dementia (National Institute of Neurologi-
cal and Communicative Diseases and Stroke/Alzheimer’s Disease and
Related Disorders Association criteria; McKhann et al., 1984). Exclusion
criteria are provided in greater detail elsewhere (Vitaliano et al., 1993).
Caregivers had to function independently. Demographically similar non-
caregivers were recruited from senior centers, retirement organizations,
and the media. Noncaregivers and their spouses had to be a minimum of 55
years old, functioning independently, and not providing care for another
person on a regular basis. The University of Washington Human Subjects
Review Board approved the study procedures, and informed consent was
obtained from all participants.

At study entry, participants were 110 spouse caregivers and their spouses
(care recipients with AD) and 105 noncaregiver spouses (and their spouses)
who were free of frank diabetes as judged by medical records, self-reports,
medication histories, and glucose levels. Over 2 years, 12 caregivers and 10
noncaregivers were lost to follow-up. Three caregivers and 1 noncaregiver
died, 4 caregivers and 4 noncaregivers moved out of state, 3 caregivers and
1 noncaregiver reported being too ill and weak to continue in the study, and
2 caregivers and 4 noncaregivers refused to continue. Complete data were
available on 98 nondiabetic caregivers and 96 nondiabetic noncaregivers.
Two caregivers and 1 noncaregiver were missing cognitive data, leaving 96
caregivers and 95 noncaregivers for analyses.

Measures

Cognitive measures. We assessed participants with cognitive measures
at study entry and 2-year follow-up using the Shipley Institute of Living
Scale (SILS; Zachary, 1986). The SILS is a self-administered test, so prior
to assessment, a trained interviewer reviewed the directions with each
participant. This was done to ensure that the print was legible and the
directions were clear. The SILS consists of two subtests. The Vocabulary
subscale measures recognition of verbal knowledge and includes 40
multiple-choice items. For each item the respondent must choose which
one of four words is closest in meaning to a target word (i.e., a synonym).
Administration time is 10 min; coefficient alpha was .87 and the intraclass
correlation was .73 (p < .01). The Abstraction subscale measures general
reasoning and contains 20 items. Each item includes a sequence of num-
bers, letters, or words that have their final element omitted. For each item,
the respondent is required to complete the sequence. The Abstraction
subscale relies more on prefrontal function than the vocabulary test. Ad-
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ministration time is 10 min; coefficient alpha was .84 and the intraclass
correlation was .70 (p < .01).

The participants completed the Vocabulary subscale first and then the
Abstraction subscale. The Vocabulary raw score is computed from the total
number of correct responses out of 40, and the Abstraction raw score is
computed from the total number of correct responses out of 20. To interpret
these scores, we first converted each to a T score (with a mean of 50 and
a standard deviation of 10), then to norms that adjust for the respondent’s
age, and finally to a percentile score.

Psychosocial factors. Psychosocial factors were assessed using six
measures previously used in caregiver and/or behavioral medicine
research.

The Abbreviated Cook—Medley Hostility Scale is a 39-item measure
(Barefoot, Larsen, von der Leith, & Schroll, 1995) derived from a longer
measure (Cook & Medley, 1954). We used three of its four scales:
Cynicism assesses negative beliefs about the trustworthiness or other
qualities of people (e.g., “I think most people would lie to get ahead”),
Hostile Attribution assesses suspicion that others intend harm to the re-
spondent (e.g., “I tend to be on my guard with people who are somewhat
friendlier than I had expected”), and Hostile Affect assesses the experience
of negative emotions associated with interpersonal relationships (e.g.,
“Some of my family has habits that bother and annoy me very much”).
(The Social Avoidance scale was not used because caregivers tend to be
isolated and responses to this scale may be confounded with caregiving.)
Participants are asked whether they agree with each statement. Our coef-
ficient alphas were Cynicism (.80), Hostile Attribution (.74), and Hostile
Affect (.70), and the intraclass correlations were .77, .77, and .72, respec-
tively (ps < .01). We also summed the three scales to obtain a total score,
for which alpha was .88 and intraclass correlation was .81.

The Beck Depression Inventory (BDI, short form; Beck & Beck, 1972)
has 13 items and is a 4-point Likert-format self-report measure used to
assess the severity of affective—cognitive depressive symptoms. The BDI
short form correlates highly with the 21-item BDI (r = .96) and with
clinicians’ ratings of depression (r = .61; Beck & Beck, 1972; Beck, Steer,
& Garbin, 1988). In this study, the coefficient alpha was .76 and the 2-year
intraclass correlation was .72 (p < .0l). Scores of 0—4 suggest no or
minimal depression, scores of 57 suggest mild depression, scores of 8—15
suggest moderate depression, and scores greater than 15 suggest severe
depression (Beck & Beck, 1972).

The Hamilton Depression Rating Scale (Hamilton, 1960; 24-item ver-
sion) was used to assess depressive symptoms present for at least 2 days,
on a scale ranging from O (absent) to 4 (severe). Content assesses mood,
feelings of guilt, and agitation. In this study, the alpha was .82 and
intraclass correlation was .48 (p < .01). The same interviewer performed
all 191 ratings in face-to-face interviews. She had extensive experience
administering the Hamilton Depression Rating Scale prior to this study.
Scores of 20 or greater suggest a depressive state in older adults (Husain et
al., 2004).

The State—Trait Anxiety Inventory (Spielberger, Gorusch, & Lushene,
1970) was used to assess state anxiety. It is a 20-item measure that asks
participants to describe their current anxiety levels (e.g., worries), and it is
scored on a 4-point Likert scale ranging from 1 (not at all) to 4 (very
much). The alpha was .82 and intraclass correlation was .49 (p < .0l).
Scores above 44 are suggestive of clinical anxiety in older adults (Ashen-
dorf, Constantinou, & McCaffrey, 2004).

The Maastricht Questionnaire (Appels, Hoppener, & Mulder, 1987) was
used to measure vital exhaustion. It contains 21 true/false items consisting
of symptoms of fatigue, irritability, stress (e.g., “inability to cope”), and
demoralization. In this study the alpha was .88 and the intraclass correla-
tion was .67 (p < .0l).

Sleep quality (Vitaliano et al., 1999) was assessed using 19 items from
the Pittsburgh Sleep Disorders Questionnaire (SDQI; Douglass et al.,
1994). Because the SDQI contains items that we measured elsewhere (i.e.,
depression), we included only the sleep items. Each item contains four
response options: 0 = almost never, 1 = sometimes, 2 = often, and 3 =

almost always. In this study, the alpha was .79, and the intraclass corre-
lation was .71 (p < .01).

Physiological measures. Our physiological measures included assess-
ments of glucose and insulin level and blood pressure. Participants were
asked to fast for 12 hr and to abstain from smoking cigarettes and con-
suming alcohol and caffeine for 12 hr before arriving at the University of
Washington Medical Center at 9 a.m. A nurse used heparinized syringes to
collect blood from the hand and forearm of each seated participant. After
plasma was separated by centrifugation, it was frozen at —70 °C, trans-
ported in dry ice, and later analyzed at the Northwest Lipids Laboratory.

Glucose was measured by the combined Abbott Analyzer’s (Abbott
Technologies, Seattle WA) catalytic activities of hexokinase and glucose-
6-phosphate dehydrogenase. The between-assays coefficient of variation
was <3% and 2-year intraclass correlation was .77 (p < .01).

Insulin was assessed using a radioimmunoassay PEG-accelerated
method with 48-hr incubation. The primary antibody is a guinea pig
antibody, the precipitating antibody is a goat antiguinea pig antibody, and
the tracer is mono-iodo-tyr-A14-insulin. The between-assays coefficient of
variation was <3%, and the 2-year intraclass correlation was .72 (p < .01).

Blood pressure was assessed each time a participant was seen. In our
laboratory, participants were asked to sit quietly for 10 min and listen to
soft music over headphones. After this 10-min rest period, three systolic
blood pressures (SBP) and diastolic blood pressures (DBP) were obtained
2 minutes apart with the right arm resting at heart level. A Dina map
Adult/Pediatric Vital Signs Monitor Model 845XT (Tampa, FL) was used.
The means of each of these three readings were then calculated to obtain
measures of resting blood pressures. The intraclass correlations were .53
(p < .01) for SBP and .49 (p < .01) for DBP.

We assessed body mass index by weighing individuals in street clothes
and measuring height without shoes using a standard ruler. Obesity was
defined as =90th percentile of BMI (weight in kilograms/height in
meters®) on the age and gender norms of the Northwest Lipids Laboratory.
These BMI cutoffs varied from 28 to 30. The intraclass correlation was .92
(p < .01).

Given well-known intercorrelations of insulin with obesity, we simpli-
fied the analyses by first performing a principal-components analysis that
resulted in a linear composite of these measures. This metabolic risk
composite explained 73% of the variance in insulin and obesity and
provided an estimate of hyperinsulinemia (Schneiderman & Skyler, 1996).
This composite was expected to correlate negatively with cognitive func-
tioning (Walker et al., 1994).

Physical illnesses and medications taken were assessed by using medical
records and self-reports. Medical records were obtained at follow-up and
coded for the previous 5 years. Hence, the period assessed overlapped with
when the participants first entered the study. Overall, 94% of medical
records were obtained. Self-reports were used for the 6% of participants
that did not have medical records. In the few cases in which self-reports
suggested an illness or medication but the medical records did not, we used
the self-report data. Puckett’s (1993) criteria were used on the participants’
medical records to obtain the date and nature of diagnosis, treatment,
prognosis, and medications. The coder was blind to the participant’s status
as a caregiver or noncaregiver. Quality controls were used (Hanken, 1989),
and it was shown that in 60% of the records, blood pressure was recorded
for 4+ years and in 35% of the records it was recorded for 1 year. In 90%
of the records, treatment/ICD-9 codes and/or diagnostic tests and dates for
coronary heart disease (CHD) and cardiovascular disease (CVD) were
listed: (arteriosclerosis, ICD-9-CM code = 414.0; ischemia, ICD-9-CM
code = 414.9; angina, ICD-9-CM code = 413.9; other CHD, ICD-9-CM
code = 414.8; atherosclerotic, ICD-9-CM code = 440; peripheral vascular
disease, ICD-9-CM code = 440.2; aortic sclerosis, ICD-9-CM code =
440.0; stroke, ICD-9-CM code = 436; and diabetes, ICD-9-CM code =
250.0-250.5. We were especially interested in these illnesses because of
their relationships with cognition (Verhaeghen, Borchelt, & Smith, 2003).
Medications included antihypertensives (beta blockers, calcium channel
blockers, ACE inhibitors), hormone replacement therapy, and so forth.
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Statistical Analyses

Marginal distributions were obtained for all continuous variables, and
they were acceptable. In cases in which skew was detected (e.g., insulin),
natural log transformations were obtained. Independent ¢ tests were also
performed to assess whether relationships existed between caregiver status
and variables of interest.

To test the first hypothesis, that greater cognitive decline in raw SILS
scores would occur in caregivers relative to noncaregivers, we first per-
formed a 2 X 2 split-plot analysis of variance (ANOVA) with caregiver
status as the between-subjects variable and time (1, 2) as the within-subject
variable. The Caregiver Status X Time interaction examined whether the
groups declined differently. If the interaction was significant, it was fol-
lowed by a hierarchical regression that used the follow-up SILS subscale as
the criterion variable. The SILS raw score at study entry was entered at
Step 1. At Step 2, caregiver status (coded 1 = caregiver, 2 = noncaregiver)
was entered. After Step 2, the significance of the beta for caregiver status
was examined as an adjunct test of the first hypothesis tested by the
ANOVA. If the beta for caregiver status was significant, we then tested the
second research hypothesis that psychophysiological measures mediated
the relationship of caregiver status with cognitive decline. In the process,
we evaluated confounders of this relationship. To do this in stages, we
examined the two parts of mediation and/or confounding. The first part
included the partial correlation of caregiver status with a putative mediator
and/or confounder while controlling for the other variable in the model
(here, SILS score at study entry). The second part included the partial
correlation of the SILS score at follow-up with a putative mediator and/or
confounder while controlling for the other variables in the model (here,
SILS scores at study entry and caregiver status). As examples, potential
confounders included demographic variables (e.g., gender, age, education,
income, ethnicity) and medications (e.g., antihypertensive medications,
hormone replacement therapy), and potential mediators included psycho-
social (depression, anxiety, hostility) and physiological (metabolic, cardio-
vascular) variables. Variables that qualified as potential mediators and/or
confounders were entered in the regression equations separately at Step 3.
Those that were independently significant at Step 3 were examined to-
gether in the equation to assess their unique contributions to the explained
variability in cognitive decline. Each regression analysis was accompanied
by outlier tests to ensure that the results were not spurious.

Results

Univariate Comparisons of Caregivers Versus
Noncaregivers

Demographic, health, psychosocial, and cognitive data for care-
givers and noncaregivers are provided in Table 1. The groups did
not differ in sex, race, age, education, income, hormone replace-
ment therapy, antihypertensive medications, or several events re-
flective of cardiovascular/coronary disease (e.g., stroke, myocar-
dial infarction). Caregivers scored higher on the Hamilton
Depression Rating Scale, #(189) = 4.6, p < .001, Beck Depression
Inventory, #(189) = 5.4, p < .001, Spielberger State Anxiety
Inventory, #(189) = 5.9, p < .001, and Abbreviated Total Cook—
Medley Hostility Scale, #(189) = 1.9, p = .056. Using the cutoffs
referred to above, we observed that no caregivers or noncaregivers
exhibited clinical states of anxiety at either time point. Using the
Beck cutoffs, we observed that at study entry, 72% of caregivers
and 89% of noncaregivers exhibited minimal depression, 14% of
caregivers and 11% of noncaregivers exhibited mild depression,
14% of caregivers and 0% of noncaregivers exhibited moderate
depression, and no caregivers or noncaregivers exhibited severe
depression. At follow-up, 71% of caregivers and 91% of noncare-
givers exhibited minimal depression, 20% of caregivers and 6% of

Table 1
Caregivers Versus Noncaregivers: Demographic, Health,
Psychosocial, Physiological, and Cognitive Measures

Caregivers Noncaregivers
Variable (n = 96) (n =95)
Demographic and health factors

Women, % 60 62
Men, % 40 38
Caucasian, % 93 94
Non-Caucasian, % 7 6
Age, in years (M = SD) 722 £ 93 71.0 £ 6.9
Education (years) 152 £23 154 £ 25
Income (in $1,000s) 484 £ 279 503 = 25.8
Hormone replacements in

women, % 45 45
Antihypertensive medication, % 35 32
Myocardial infarction, % 6 6
Angina pectoris, % 12 5t
Coronary procedures, % 12 10
Other heart disease, % 18 13
Hypertension, % 40 40
Stroke, % 4 3

Psychosocial measures
History of major depression, % 4 8
Spielberger State Anxiety

Index, M = SD 15745 12.4 + 3.2%%%*
Beck Depression Inventory, M

+ SD 3.6 229 1.7 = 1.9%%*
Hamilton Depression Rating

Scale, M = SD 23+31 0.6 £ 1.6%**
Total Cook—Medley Hostility,

M = SD 6.9 £48 5.6 = 4.9
Sleep problems, M = SD 27.0 £ 6.4 24.1 £ 4.0%%*
Vital exhaustion, M = SD 7.7 +42 3.6 = 3.7%%*

Physiological measure
Insulin (mU/ml) 143+ 8.5 10.6 ® 7.2%%*
Glucose (mg/dl) 999 + 114 94.4 + 8.4%

Obese, % 28 13%

Metabolic risk composite 0.28 = 1.00 —0.29 + 0.08**
Systolic blood pressure 141.6 = 24.1 141.6 = 24.1
Diastolic blood pressure 79.3 = 13.0 77.3 = 10.5
Cognitive measure

Shipley V Raw Time 1,

M = SD 355+38 353 +49
Shipley V Raw Time 2,

M = SD 345+ 47 352+43
Change in Shipley V Raw, M

* SD —1.0*+34 0.01 = 2.6*
Shipley AR Raw Time 1,

M = SD 277 +9.1 26.4 +9.4
Shipley AR Raw Time 2,

M = SD 26.6 9.0 255+9.1
Change in Shipley AR Raw, M

* SD —1.10 £ 6.7 —0.90 =74

Note. 'V = vocabulary; AR = abstract reasoning.
tp<.10. *p<.05. *p<.0l. **p<.001.

noncaregivers exhibited mild depression, 7% of caregivers and 3%
of noncaregivers exhibited moderate depression, and 1% of care-
givers and 0% of noncaregivers exhibited severe depression. On
the Hamilton cutoffs, no caregivers or noncaregivers had scores
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approaching the recommended cutoff of 20 (the highest score at
either measurement was 12). Finally, caregivers reported more
sleep problems, #(189) = 4.7, p < .001, and more vital exhaustion,
1(189) = 4.9, p < .001, than did noncaregivers. On physiological
measures, caregivers had higher insulin, #(189) = —3.3, p < .01,
and glucose levels, #(189) = —3.6, p < .01], were more obese,
1(189) = —3.9, p < .01, and had a higher metabolic risk compos-
ite, 1(189) = —4.1, p <.01. Caregivers and noncaregivers neither
differed in Vocabulary or Abstract Reasoning raw scores at Times
1 and 2 nor differed in change in Abstract Reasoning raw scores;
however, caregivers Vocabulary raw scores declined relative to
noncaregivers, F(1, 188) = 3.89, p < .05.

Tests of Cognitive Decline and Differential Decline in
Caregivers Versus Noncaregivers

The split-plot analysis performed on the Abstraction raw scores
was significant for time, F(1, 189) = 4.17, p < .04, but not for the
interaction. Hence, a reliable decline occurred for the average of
the groups (27.1 + 9.2 t0 26.0 + 9.4), but the decline did not differ
for caregivers and noncaregivers. For the Vocabulary raw scores,
the Caregiver Status X Time interaction, F(1, 189) = 3.84, p <
.05, and time, F(1, 189) = 5.51, p < .02, were each significant.
However, the main effect for caregiver status was not significant.
The results were very similar for the Vocabulary Percentile scores.
Caregivers declined (from 35.5 to 34.5), but noncaregivers did not
(from 35.2 to 35.2). This corresponds to an effect size of .33 for the
difference in difference score means divided by the pooled stan-
dard deviation of the difference scores.

To better understand the degree to which individual differences
in change occurred across caregivers and noncaregivers, we com-
puted the number of persons who changed relative to two crite-
ria—the standard deviation and standard error of measurement at
study entry. Twenty-seven caregivers and 19 noncaregivers
changed by a standard deviation of 0.5, 16 caregivers and 10
noncaregivers declined by 3.0 or more points; 11 caregivers and 6
noncaregivers declined by 4.0 or more points, and 9 caregivers and
3 noncaregivers declined by 5.0 or more points. The SEM was
calculated by standard deviation (1 — coefficient alpha)'’? or 4.3
(1 — 0.87)"% or 4.3 (0.36) = 1.55. Using this schema, we found
with 95% confidence that scores that changed by 1.55 X 1.96 =
3.04, or approximately 3 raw score points, were likely to be
different.

A final analysis found that in noncaregivers the amount of
change was dependent on the participants’ score in the first as-
sessment—those with the lowest verbal 1Q (VIQ)s at study entry
(n = 28) had a mean change of 1.54 (3.3), those in the middle (n =
31) had a mean change of —0.08 (1.5), and those who began with
VIQ scores in the highest tertile (» = 37) had a mean change of
—1.29 (2.0). Hence, noncaregivers followed a trend toward regres-
sion to the mean. In contrast, caregivers showed declines regard-
less of where they started: Those in the lowest VIQ stratum (n =
32) had a mean change of —0.90 (4.9), those in the middle stratum
(n = 30) had a mean change of —0.66 (8.1), and those in the
highest stratum at study entry (» = 30) had a mean change of
—1.39 (7.3). Regression to the mean usually increases with de-
creases in the test-retest correlation, but in these samples, the
test—retest correlation for noncaregivers (r = .80) was not lower
than that for caregivers (r = .71).

Correlational Assessment of Potential Mediators and
Confounders

Prior to formally testing for mediators and confounders of the
relationship of caregiving with vocabulary decline, we examined
partial correlations of candidate variables (demographic, medica-
tions, psychophysiological, etc.) with caregiver status and VIQ
decline. As shown in Table 2, no demographic variable, medica-
tion, or cardiovascular illnesses qualified as mediators or con-
founders. Only hostility, metabolic risk, and obesity were associ-
ated with both VIQ at follow-up (controlling for VIQ at study
entry and caregiver status) and caregiver status (controlling for
VIQ at entry).

Residualized Regression Analyses

Because the analyses of variance suggested that there was
differential decline on VIQ, we performed regression analyses to
examine mediation of these changes, our second research hypoth-

Table 2

Partial Correlations of Follow-Up Shipley V Raw Scores and
Caregiver Status (CG) With Related Variables Controlling for
Shipley V IQ at Entry, Age, and/or Caregiver Status

Shipley V follow-up
(controlling for
Shipley V 1Q at
entry, age, and

CG status
(controlling for
Shipley V IQ

Variable CG status) at entry)
Demographic and health variables
Gender —.05 .04
Ethnicity —.20%% —.05
Education 20%% .07
Income —.06 .04
Hormone replacement therapy 5% .03
Beta blockers 11 —.19%
Myocardial infarction —.02 .00
Angina pectoris —.07 —.12%
Coronary procedures .05 .00
Other heart disease .08 —.10
Hypertension —.04 .00
Stroke .03 —.02
Psychosocial measures
Spielberger State Anxiety —.02 —.40%**
Index
Beck Depression Inventory 0.01 —.36%**
Hamilton Depression Rating —.02 — .32k
Scale
Total Cook—Medley Hostility —.16% —.14%
Vital exhaustion .06 — 4TEEE
Sleep problems .05 —.26%%*
History of major depression .06 .09
Physiological measures

Metabolic risk composite —.16% — 25wk
In insulin —.08 —.25%HE
In glucose —.04 — .25
Obesity —.16* —.20%*
Systolic hypertension .02 .04
Diastolic hypertension —.05 —.04
Note. 'V = vocabulary; In = natural log.
tp<.0.%p<.05 **p<.0l. ***p < .00l
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esis. Table 3 presents these results. Column 1 contains the vari-
ables that were included at each step of the analysis. Columns 2-5
contain four separate models respectively, each with the betas for
the corresponding terms in Column 1. Column 2 contains the betas
for the analysis with VIQ at study entry (Step 1) and caregiver
status (Step 2). The betas were significant for VIQ, .77 (p < .001)
and for caregiver status, .09 (p < .05). Hence, as with the Time X
Caregiver Status interaction ANOVA, there was support for the
first research hypothesis.

The potential mediators identified in Table 2 were used in the
regressions (see Table 3). Column 3 of Table 3 contains the betas
for when the total score for hostility (Step 3) was added to the
model. Note that the beta for hostility (—.10) was significant (p <
.05), suggesting that the higher the hostility at baseline, the more
the drop in VIQ over 2 years. Also, the beta for caregiver status
was no longer significant in the presence of hostility. Although this
suggests that hostility may be a mediator of relationships between
caregiver status and cognitive decline, the beta for caregiver status
dropped only a small amount. Therefore, other factors may also
qualify as mediators. One such factor was the metabolic risk
composite. Column 4 contains the betas for VIQ at study entry,
caregiver status, and metabolic risk composite. Note that the
metabolic risk composite has a significant beta (—.10, p < .05),
suggesting that the higher it was at study entry, the greater the VIQ
decline over 2 years. Also note that the beta for caregiver status is
no longer significant (8 = .07) when metabolic risk is controlled.
Thus, as with hostility, metabolic risk mediated the relationship
between caregiving and VIQ decline, and the change in the beta
was not substantial.

Column 5 of Table 3 contains the betas for Time 1 VIQ (.74,
p < .001), caregiver status (.05, ns), hostility (—.10, p < .05), and
metabolic risk (—.09, p < .05). Hostility and metabolic risk are
both significant in the model, and when these terms are in the
model together, the beta for caregiver status is almost half its
original value (.09 vs. .05). From Table 3, one can see that at each
of the four steps in the final equation, significantly greater variance
in follow-up VIQ was explained. The full model was significant,
F(4, 186) = 76.2, p < .001, adjusted R?> = .62. Because the
analyses were based on the total score for hostility, we reran them
using the separate scales and observed that Hostile Attribution was
driving the results. It was the only subscale to reproduce the result
of the total hostility score.

Discussion

This study examined relationships of SILS VIQ and the Abstract
Reasoning Scale (AR) with caregiver status and time. For AR, we

Table 3

observed an effect for time; over 2 years both groups declined by
a small amount. In contrast, the Time X Caregiver Status interac-
tion was significant for VIQ. On average, caregivers declined by 1
raw score point, which was greater than zero, the mean decline for
noncaregivers.

We believe the VIQ decline did not result from age, differences
in education, or decreases in intelligence, but rather the decline
was influenced by chronic stress and its psychophysiological se-
quelae. In particular, both groups declined in AR over 2 years, but
only caregivers experienced a “stress-related decline” in VIQ, and
this decline was independent of age. The groups were also similar
in VIQ at study entry, and the decline occurred over a brief period
in persons whose mean ages were 71 to 72 years old. Vocabulary
reflects premorbid intelligence, and up to age 70, it is relatively
stable in adults who are free of disease and/or environmental insult
(Nyberg et al., 2003). The SILS VIQ is a word recognition test that
assesses a person’s knowledge of his or her world, which generally
does not decay until age 70 to 75 (Park et al., 2002). The difference
in VIQ decline across groups was also not attributable to a differ-
ential ceiling effect because education levels were equivalent
across groups. In contrast to these factors, the VIQ decline may
have been influenced by chronic stress, as environmental stressors
can disrupt one’s ability to attend to tasks such as vocabulary tests
(Buchanan, Kern, Allen, Tranel, & Kirschbaum, 2004; Echeverria,
Aposhian, & Woods, 1998; Habib, McIntosh, Wheeler, & Tulving,
2003; Park et al., 2003). Moreover, the decline in caregivers was
mediated by metabolic risk and hostility, factors that are theoret-
ically and empirically relevant to cognition.

Metabolic risk was defined as a composite of obesity and
insulin. As with previous samples, we found that caregivers were
higher than noncaregivers on these measures (Vitaliano, Scanlan,
Krenz, & Fujimoto, 1996). Elevated metabolic risk may have been
related to VIQ decline because persons with high metabolic com-
posite scores had higher risks for insulin resistance (Schneiderman
& Skyler, 1996). Insulin resistance is related to neurodegeneration
(Coutinho et al., 1999), neuritic tangles as in AD lesions (Carro &
Torres-Aleman, 2004), cortisol neurotoxicity in the hippocampus
(Walker et al., 1994), and depletion of neurotransmitters in the
hippocampus (Durkin, Messier, Deboer, & Westerink, 1992), the
brain region that largely controls episodic/explicit memory (Par-
kin, 1997). Insulin resistance and its cognitive correlates are also
influenced by chronic stress via the hypersecretion of cortisol
(Bremner, 1999; Conrad, Galea, Kuroda, & McEwen, 1996) that
damages the hippocampus by possibly blocking its uptake of
glucose, which can influence loss of hippocampal neurons (Mc-
Ewen & Sapolsky, 1995). This is expressed by decreased glucose

Hierarchical Regressions: Predictors and Mediators of Caregiving and Vocabulary Decline

Without Steps 3—4 With Step 3 With Step 4 With Steps 3—4
Variable B AAdR® B AAdR? B AAdR? B AAdR?
Step 1. Raw Vocabulary IQ at Time 1 T .59 75k .59 75k .59 T4k 59
Step 2. Caregiver status .09* .01 .08 .00 .07 .00 .05 .00
Step 3. Hostility —.10* .02 —.10* .02
Step 4. Metabolic composite —.10* .02 —.09* .01
Total AdR? .60 .61 .61 .62

Note. Dependent variable = raw vocabulary at Time 2; Change is in adjusted R* (AdR?).

*p < 05,k p < 001,
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transport or metabolism (Simmons & Miles, 1987) and increased
serum glucose levels (Horner, Munck, & Lienhard, 1987).

For these reasons, the VIQ decline in caregivers may be asso-
ciated with deteriorating hippocampal function rather than frontal
function. The hippocampus plays an important role in storage of
information, such as vocabulary, so disruption of hippocampal
function might well reflect decreased recognition of vocabulary.
Moreover, there is evidence that chronic stress, such as that expe-
rienced by caregivers, may result in hypersecretion of cortisol, a
substance damaging to the hippocampus. In support of the argu-
ment that stress may damage verbal ability, Park, Glass, Minear,
and Crofford (2001) reported that patients with fibromyalgia (a
stress-mediated disorder), showed decreased vocabulary relative to
controls but performed like older adults on tests such as those of
working memory that load more on prefrontal function.

Hostility also mediated the relationship of caregiver status with
VIQ decline, in part because caregivers had higher hostility scores
than did noncaregivers. Hostile attribution was the strongest cor-
relate of caregiving. It focuses on the belief that others intend to do
one harm. Higher scores at study entry were also associated with
greater drops in vocabulary. Hostile attribution is associated with
activation of the medial prefrontal cortex, orbitofrontal cortex, and
amygdala (Wicker, Perrett, Baron-Cohen, & Decety, 2003), areas
involved in language processing and in interactions with the hip-
pocampus (Barbas & Blatt, 1995; Cavada, Company, Tejedor,
Cruz-Rizzolo, & Reinoso-Suarez, 2000; Phelps, 2004). Hostile
attribution was also related to blood glucose levels (r = .21, p <
.01) and metabolic risk (r = .15, p < .01), which supports previous
work (Vitaliano, Scanlan, Krenz, & Fujimoto, 1996). When hostile
attribution (or total hostility) and metabolic risk were entered
together in the regression equation, the beta for caregiver status
was cut in half. In contrast, anxiety, depression, sleep problems,
vital exhaustion, cardiovascular illness variables, and medications
were unrelated to both caregiver status and vocabulary decline.
The lack of relationships of anxiety and depression with poorer
cognitive function contrasts with previous research (D. A. King,
Caine, Conwell, & Cox, 1991; Kizilbash et al., 2002; Sinoff &
Werner, 2003). This may have occurred because “clinical” depres-
sion and anxiety were largely absent in the samples. Airaksinen,
Larsson, Lundberg, and Forsell (2004) observed that unlike major
depression, mixed anxiety, and depression disorder, mild depres-
sion does not influence verbal memory.

Our results are subject to limitations. First, the decline in caregivers
relative to noncaregivers is relatively modest (d = .33). Small effect
sizes are useful, however, when the outcome is important, the number
of persons at risk is large, and the result has public health significance.
We believe these are all true for the current study. Second, in this
study the samples are well-educated (57% of the caregivers and 61%
of the noncaregivers had bachelor’s degrees or higher degrees). Such
homogeneous groups aid internal validity, but they may compromise
external validity. The large number of educated caregivers does,
however, strengthen our argument that cognitive decline was influ-
enced by chronic stress and its sequelae, as these were the only ways
that caregivers differed from noncaregivers. Third, we know of only
one other study of chronic stress that has used the SILS (McNally &
Shin, 1995). Future caregiver research would benefit from measures
of attention, memory, concentration, and executive function. Fourth,
we did not formally examine follow-up (or changes in) psychophys-
iological measures as mediators. Instead we focused on intervening
variables that preceded follow-up VIQ. Exploratory analyses did,

however, find that follow-up or changes in psychophysiological
scores were not associated with decline in vocabulary. Fifth, as with
most research on caregiver health, we used an observational design.
One cannot evaluate whether caregiving causes health problems by
creating it in a laboratory, but researchers can design doubly prospec-
tive studies in which persons are examined before exposure to care-
giving and before health problems. Because caregivers have shared
the same risk factors (stress, diet, etc.) with persons who have devel-
oped AD, they may already be at higher risk for health and cognitive
problems independent of caregiving (Vitaliano et al., 2003). However,
even if cognitive decline is influenced in part or in full by precaregiv-
ing, such a result would still be important. A final issue concerns the
fact that blood pressure was not a mediator in this study. Previous
studies have found relationships between blood pressure and deficits
by using other cognitive measures (see Verhaeghen et al., 2003;
Waldstein & Elias, 2003). Moreover, laboratory blood pressure may
not be as sensitive to caregiver responses as ambulatory blood pres-
sure measured in caregivers’ homes (A. C. King et al., 1994).

Despite these limitations, we believe this study has advantages.
First, most studies of metabolic disregulation and vocabulary de-
cline have been done in persons with diabetes (Kovacs, Goldston,
& lyengar, 1992; Rovet, Ehrlich, & Czuchta, 1990). These studies
have shown that Type 2 diabetes increases the risk for memory
and/or attention deficits (Strachan et al., 1997) and AD (Arvani-
takis, Wilson, Bienias, Evans, & Bennett, 2004; Ott et al., 1999;
Peila, Rodriguez, & Launer, 2002). In contrast, in this study
relationships between the metabolic composite and vocabulary
decline occurred in preclinical (nondiabetic) states. This may have
major consequences for older adults under chronic stress. Second,
a recent review of studies of memory impairments following
chronic stress was critical of the cross-sectional nature and level of
stress present in the studies. It recommended longitudinal studies
of persons with stressful occupations (Jelicic & Bonke, 2001).
Given that caregiving for a spouse with AD is a full-time job, it is
unfortunate that this is the only study to examine cognitive decline
in caregivers relative to noncaregivers. Third, this study included
physiological mediators, factors that are relevant to health main-
tenance in caregivers, care recipients, and older adults in general
(Vitaliano et al., 2003). Even minor cognitive impairment in care-
givers may have consequences when caregivers have to function as
decision makers for themselves and their spouse. Many caregivers
are over 65, and they may experience age-related declines in
function and age-associated comorbidities (Spillman & Pezzin,
2000). Caregiving may include the interplay between the strengths
and weaknesses of caregivers and care recipients (Cartwright,
Archbold, Stewart, & Limandri, 1994). Family caregivers make
substantial contributions to long-term care (Arno, Levine, & Mem-
mott, 1999). Any decrease in the ability of families to provide
support has implications for the burden on the formal system at a
time when demand is increasing. Psychotherapeutic interactions
that reduce hostility and insulin resistance should have the addi-
tional benefit of helping to maintain caregiver cognitive
functioning.

References

Airaksinen, E., Larsson, M., Lundberg, 1., & Forsell, Y. (2004). Cognitive
functions in depressive disorders: Evidence from a population-based
study. Psychological Medicine, 34, 83-91.

American Psychiatric Association. (1994). Diagnostic and statistical man-
ual of mental disorders (4th ed.). Washington, DC: Author.



CAREGIVER COGNITION 409

Appels, A., Hoppener, P., & Mulder, P. (1987). A questionnaire to assess
premonitory symptoms of myocardial infarction. International Journal
of Cardiology, 17, 15-24.

Arno, P. S., Levine, C., & Memmott, M. M. (1999). The economic value
of informal caregiving. Health Affairs, 18, 182-188.

Arvanitakis, Z., Wilson, R., Bienias, J., Evans, D., & Bennett, D. (2004).
Diabetes mellitus and risk of Alzheimer disease and decline in cognitive
function. Archives of Neurology, 61, 661-666.

Ashendorf, L., Constantinou, M., & McCaffrey, R. J. (2004). The effect of
depression and anxiety on the TOMM in community-dwelling older
adults. Archives of Clinical Neuropsychology, 19, 125-130.

Barbas, H., & Blatt, G. J. (1995). Topographically specific hippocampal
projections target functionally distinct prefrontal areas in the rhesus
monkey. Hippocampus, 5, 511-533.

Barefoot, J. C., Larsen, S., von der Leith, L., & Schroll, M. (1995).
Hostility, incidence of acute myocardial infarction, and mortality in a
sample of older Danish men and women. American Journal of Epide-
miology, 142, 477-484.

Baumgarten, M., Battista, R. N., Infante-Rivard, C., Hanley, J. A., Becker,
R., & Gauthier, S. (1992). The psychological and physical health of
family members caring for an elderly person with dementia. Journal of
Clinical Epidemiology, 45, 61-70.

Beck, A. T., & Beck, R. W. (1972). Screening depressed patients in family
practice: A rapid technique. Postgraduate Medicine, 52, 81-85.

Beck, A. T., Steer, R. A., & Garbin, M. G. (1988). Psychometric properties
of the Beck Depression Inventory: Twenty-five years of evaluation.
Clinical Psychology Review, 8, 77-100.

Brand, N., Hanson, E., & Godaert, G. (2000). Chronic stress affects blood
pressure and speed of short-term memory. Perceptual and Motor Skills,
91, 291-298.

Bremner, J. D. (1999). Does stress damage the brain? Biological Psychi-
atry, 45, 797-805.

Buchanan, T. W., Kern, S., Allen, J. S., Tranel, D., & Kirschbaum, C.
(2004). Circadian regulation of cortisol after hippocampal damage in
humans. Biological Psychiatry, 56, 651—-656.

Carro, E., & Torres-Aleman, I. (2004). The role of insulin and insulin-like
growth factor I in the molecular and cellular mechanisms underlying the
pathology of Alzheimer’s disease. European Journal of Pharmacology,
490, 127-133.

Cartwright, J. C., Archbold, P. G., Stewart, B. J., & Limandri, B. (1994).
Enrichment processes in family caregiving to frail elders. Advances in
Nursing Science, 17, 31-43.

Caswell, L., Vitaliano, P. P., Croyle, K., Scanlan, J. M., Zhang, J., &
Daruwala, A. (2003). Negative associations of chronic stress and cog-
nitive functioning in older adult spouse caregivers. Experimental Aging
Research, 29, 303-318.

Cavada, C., Company, T., Tejedor, J., Cruz-Rizzolo, R. J., & Reinoso-
Suarez, F. (2000). The anatomical connections of the macaque monkey
orbitofrontal cortex. A review. Cerebral Cortex, 10, 220-242.

Conrad, C. D., Galea, L. A., Kuroda, Y., & McEwen, B. S. (1996). Chronic
stress impairs spatial memory on the Y maze, and this effect is blocked
by tianeptine pretreatment. Behavioral Neuroscience, 110, 1321-1334.

Cook, W. W., & Medley, D. M. (1954). Proposed hostility and pharisaic-
virtue scales for the MMPL. Journal of Applied Psychology, 38, 414—
418.

Coutinho, M., Gerstein, H. C., Wang, Y., & Yusuf, S. (1999). The rela-
tionships between glucose and incident cardiovascular events. Diabetes
Care, 22, 233-240.

de Kloet, E. R., Oitzl, M. S., & Joels, M. (1999). Stress and cognition: Are
corticosteroids good or bad guys? Trends in Neuroscience, 22, 422—426.

Desmond, D. W., Tatemichi, T. K., Paik, M., & Stern, Y. (1993). Risk
factors for cerebrovascular disease as correlates of cognitive function in
a stroke-free cohort. Archives of Neurology, 50, 162—166.

Douglass, A. B., Bornstein, R., Nino-Marcia, G., Keenan, S., Miles, L.,

Zarcone, V. P., et al. (1994). The Sleep Disorders Questionnaire I:
Creation and multivariate structure of SDQ. Sleep, 17, 160-167.

Durkin, T. P., Messier, C., Deboer, P., & Westerink, B. H. C. (1992).
Raised glucose levels enhance scopolamine-induced acetylcholine over-
flow from the hippocampus: An in vivo micro dialysis study in the rat.
Behavioral Brain Research, 49, 181-188.

Echeverria, D., Aposhian, H. V., & Woods, J. S. (1998). Neurobehavioral
effects from exposure to dental amalgam Hg: New distinctions between
recent exposure and Hg body burden. Federation of American Societies
for Experimental Biology Journal, 12, 971-980.

Elias, M. F., Wolf, P. A., D’Agostino, R. B., Cobb, J., & White, L. R.
(1993). Untreated blood pressure level is inversely related to cognitive
functioning: The Framingham study. American Journal of Epidemiol-
ogy, 138, 353-364.

Gallagher, D., Wrabetz, A., Lovett, S., Del Maestro, S., & Rose, J. (1989).
Depression and other negative affects in family caregivers. In E. Light &
B. Lebowitz (Eds.), Alzheimer’s disease treatment and family stress:
Future directions of research (pp. 218-244). Washington, DC: U. S.
Government Printing Office.

Haan, M. N., Shemanski, L., Jaqust, W. J., Manolio, T. A., & Kuller, L.
(1999). The role of APOE epsilon4 in modulating effects of other risk
factors for cognitive decline in elderly persons. Journal of the American
Medical Association, 282, 40—-46.

Habib, R., McIntosh, A. R., Wheeler, M. A., & Tulving, E. (2003) Memory
encoding and hippocampally-based novelty/familiarity discrimination
networks. Neuropsychologia, 41, 271-290.

Haley, W. E., Levine, E. G., Brown, S. L., & Bartolucci, A. A. (1987).
Stress, appraisal, coping, and social support as predictors of adaptational
outcome among dementia caregivers. Psychology and Aging, 2, 323—
330.

Hamilton, M. (1960). A rating scale for depression. Journal of Neurolog-
ical and Neurosurgical Psychiatry, 23, 56—62.

Hanken, M. A. (1989). A study of physician performance in a physician
oriented in-patient clinical record system. (Doctoral dissertation, Uni-
versity of Washington, 1989). Dissertation Abstracts International, 50,
3823.

Harwood, D. G., Barker, W. W., Cantillon, M., Loewenstein, D. A.,
Ownby, R., & Duara, R. (1998). Depressive symptomatology in first-
degree family caregivers of Alzheimer disease patients: A cross-ethnic
comparison. Alzheimer Disease and Associated Disorders, 12, 340-346.

Horner, H. C., Munck, A., & Lienhard, G. E. (1987). Dexamethasone
causes translocation of glucose transporters from the plasma-membrane
to an intracellular site in human-fibroblasts. Journal of Biological Chem-
istry, 262, 17696-17702.

Husain, M. M., Rush, A. J., Fink, M., Knapp, R., Petrides, G., Rummans,
T., et al. (2004). Speed of response and remission in major depressive
disorder with acute electroconvulsive therapy (ECT): A consortium for
research in ECT (CORE) report. Journal of Clinical Psychiatry, 65,
485-491.

Jelicic, M., & Bonke, B. (2001). Memory impairments following chronic
stress? A critical review. European Journal of Psychiatry, 15, 225-232.

Jorm, A. F., Korten, A. E., & Henderson, A. S. (1987). The prevalence of
dementia: A quantitative integration of the literature. Acta Psychiatrica
Scandinavica, 76, 465-479.

King, A. C., Oka, R. K., & Young, D. R. (1994). Ambulatory blood
pressure and heart rate responses to the stress of work and caregiving in
older women. Journals of Gerontology, Series A: Biological Sciences
and Medical Sciences, 49(6), M239-M245.

King, D. A., Caine, E. D., Conwell, Y., & Cox, C. (1991). The neuropsy-
chology of depression in the elderly: A comparative study with normal
aging and Alzheimer’s disease. Journal of Neuropsychiatry and Clinical
Neurosciences, 3, 163—-168.

Kizilbash, A. H., Vanderploeg, R. D., & Curtiss, G. (2002). The effects of
depression and anxiety on memory performance. Archives of Clinical
Neuropsychology, 17, 57-67.



410 VITALIANO ET AL.

Korte, S. M. (2001). Corticosteroids in relation to fear, anxiety and psy-
chopathology. Neuroscience and Biobehavioral Reviews, 25, 117-142.

Kovacs, M., D. Goldston, D., & Iyengar, S. (1992). Intellectual develop-
ment and academic performance of children with insulin-dependent
diabetes mellitus. Developmental Psychology, 28, 676—684.

Lee, S., Kawachi, 1., & Grodstein, F. (2004). Does caregiving stress affect
cognitive function in older women? The Journal of Nervous and Mental
Disease, 192, 51-57.

Leonard, B. E., & Song, C. (1997). Changes in the immune-endocrine
interrelationships in anxiety and depression. Stress Medicine, 13, 217—
227.

Levy, A., Dachir, S., Arvel, 1., & Kadar, T. (1994). Aging, stress, and
cognitive function. Annals of the New York Academy of Sciences, 717,
79-88.

Lupien, S., Lecours, A. R., Lussier, 1., Schwartz, G., Nair, N. P. V., &
Meaney, M. J. (1994). Basal cortisol levels and cognitive deficits in
human aging. Journal of Neuroscience, 14, 2893-2903.

Mahoney, A. M., Dalby, J. T., & King, M. C. (1998). Cognitive failures
and stress. Psychological Reports, 82, 1432-1434.

McEwen, B. S., & Magarinos, M. (1997). Stress effects on morphology and
function of the hippocampus. Annals of the New York Academy of
Sciences, 821, 271-284.

McEwen, B. S., & Sapolsky, R. (1995). Stress and cognitive function.
Current Opinion Neurobiology, 5, 205-216.

McKhann, G., Drachman, D., Folstein, M., Katzman, R., Price, D., &
Stadlan, E. M. (1984). Clinical diagnosis of Alzheimer’s disease: Report
of the NINCDS-ADRDA work group under the auspices of the Depart-
ment of Health and Human Services task force on Alzheimer’s disease.
Neurology, 34, 939-944.

McNally, R. J., & Shin, L. M. (1995). Association of intelligence with
severity of posttraumatic stress disorder symptoms in Vietnam combat
veterans. American Journal of Psychiatry, 152, 936-938.

Newcomer, J. W., Craft, S., Hershey, T., Askins, K., & Bardgett, M. E.
(1994). Glucocorticoid-induced impairment in declarative memory per-
formance in adult humans. Journal of Neuroscience, 14, 2047-2053.

Norris, F. H., & Uhl, G. A. (1993). Chronic stress as a mediator of acute
stress: The case of Hurricane Hugo. Journal of Applied Social Psychol-
0gy, 23, 1263-1284.

Nyberg, L., Maitland, S. B., Ronnlund, M., Backman, L., Dixon, R. A,
Wahlin, A., et al. (2003). Selective adult age differences in an age-
invariant multifactor model of declarative memory. Psychology and
Aging, 18, 149-160.

Ott, A., Stolk, R. P., van Harskamp, F., Pols, H. A., Hofman, A., &
Breteler, M. M. (1999). Diabetes mellitus and the risk of dementia: The
Rotterdam study. Neurology, 53, 1907-1909.

Park, D. C. (1996). Aging, health, and behavior: The interplay between
basic and applied science. In R. J. Resnick & R. H. Rozensky (Eds.),
Health psychology through the life span: Practice and research oppor-
tunities (pp. 59-75). Washington, DC: American Psychological
Association.

Park, D. C., Davidson, N., Lautenschlager, G., Smith, A. D., Smith, P., &
Hedden, T. (2002). Models of visuospatial and verbal memory across the
adult life span. Psychology and Aging, 17, 299-320.

Park, D. C., Glass, J. M., Minear, M., & Crofford, L. J. (2001). Cognitive
function in fibromyalgia Patients. Arthritis and Rheumatism, 44, 2125—
2133.

Park, D. C., Welsh, R. C., Marshuetz, C., Gutchess, A. H., Mikels, J., Polk,
T. A., et al. (2003). Working memory for complex scenes: Age differ-
ences in frontal and hippocampal activations. Journal of Cognitive
Neuroscience, 15, 1122-1134.

Parkin, A. J. (1997). Human memory: Novelty, association and the brain.
Current Biology, 7, RT68 -R769.

Peila, R., Rodriguez, B. L., & Launer, L. J. (2002). Type 2 diabetes, APOE
gene, and the risk for dementia and related pathologies, The Honolulu-
Asia Aging Study. Diabetes, 51, 1256—1262.

Phelps, E. A. (2004). Human emotion and memory: Interactions of the
amygdala and hippocampal complex. Current Opinions in Neurobiol-
ogy, 14, 198-202.

Picot, S. J., Zauszniewski, J., & Delgado, C. (1997). Cardiovascular
responses of African American female caregivers. Journal of National
Black Nurses Association, 9, 3-21.

Pinquart, M., & Sorensen, S. (2003). Differences between caregivers and
noncaregivers in psychological health and physical health: A meta-
analysis. Psychology and Aging, 18, 250-267.

Puckett, C. D. (1993). The educational annotation of ICD-9-CM (4th ed.).
Reno, NV: Channel Publishing.

Rovet, J., Ehrlich, R., & Czuchta, D. (1990). Intellectual characteristics of
diabetic children at diagnosis and one year later. Journal of Pediatric
Psychology, 15, 775-788.

Russo, J., Vitaliano, P. P., Brewer, D. D., Katon, W., & Becker, J. (1995).
Psychiatric disorders in spouse caregivers of care recipients with Alz-
heimer’s disease and matched controls: A diathesis-stress model of
psychopathology. Journal of Abnormal Psychology, 104, 197-204.

Saykin, A. J., Johnson, S. C., Flashman, L. A., McAllister, T. W., Sparling,
M., Darcey, T. M., et al. (1999). Functional differentiation of medial
temporal and frontal regions involved in processing novel and familiar
words: An fMRI study. Brain, 122, 1963-1971.

Schneiderman, N., & Skyler, J. S. (1996). Insulin metabolism, sympathetic
nervous system regulation, and coronary heart disease prevention. In K.
Orth-Gomer & N. Schneiderman (Eds.), Behavioral medicine ap-
proaches to cardiovascular disease prevention (pp. 105-133). Hillsdale,
NJ: Erlbaum.

Shallice, T., Fletcher, P., Frith, C. D., Grasby, P., Frackowiak, R. S., &
Dolan, R. J. (1994, April 14). Brain regions associated with acquisition
and retrieval of verbal episodic memory. Nature, 368, 633—635.

Shapiro, P. A, Sloan, R. P., Bagiella, E., Kuhl, J. P., Anjilvel, S., & Mann,
J. (2000). Cerebral activation, hostility, and cardiovascular control dur-
ing mental stress. Journal of Psychosomatic Research, 48, 485-491.

Shaw, W. S., Patterson, T. L., Ziegler, M. G., Dimsdale, J. E., Semple,
S.J., & Grant, L. (1999). Accelerated risk of hypertensive blood pressure
recordings among Alzheimer caregivers. Journal of Psychosomatic Re-
search, 46, 215-227.

Simmons, R. L., & Miles, N. (1987). Coronary artery bypass grafting in a
predominately black group of patients. Journal of the National Medical
Association, 7, 593-599.

Sinoff, G., & Werner, P. (2003). Anxiety disorder and accompanying
subjective memory loss in the elderly as a predictor of future cognitive
decline. International Journal of Geriatric Psychiatry, 18, 951-959.

Spielberger, C. D., Gorusch, R. L., & Lushene, R. E. (1970). Manual for
the State-Trait Anxiety Inventory (Self-Evaluation Questionnaire). Palo
Alto, CA: Consulting Psychologists Press.

Spillman, B. C., & Pezzin, L. E. (2000). Potential and active family
caregivers: Changing networks and the “Sandwich Generation.” The
Milbank Quarterly, 78, 347-374.

Steptoe, A., & Marmot, M. (2003). Burden of psychosocial adversity and
vulnerability in middle age: Associations with biobehavioral risk factors
and quality of life. Psychosomatic Medicine, 65, 1029-1037.

Strachan, M. W. J., Deary, L. J., Ewing, F. M. E., & Frier, B. M. (1997). Is
Type II diabetes associated with an increased risk of cognitive dysfunc-
tion? Diabetes Care, 20, 438—-445.

Teri, L., Truax, P., Logsdon, R., Uomoto, J., Zarit, S., & Vitaliano, P. P.
(1992). Assessment of behavioral problems in dementia: The revised
memory and behavior problems checklist. Psychology and Aging, 7,
622-629.

Verhaeghen, P. P., Borchelt, M., & Smith, J. (2003). Relation between
cardiovascular and metabolic disease and cognition in very old age:
Cross-sectional and longitudinal findings from the Berlin Aging Study.
Health Psychology, 22, 559-569.

Vitaliano, P. P., Russo, J., Bailey, S., Young, H., & McCann, B. (1993).



CAREGIVER COGNITION 411

Psychosocial factors associated104 with cardiovascular reactivity in
older individuals. Psychosomatic Medicine, 55, 164—-177.

Vitaliano, P. P., Scanlan, J. M., Krenz, C., & Fujimoto, W. (1996). Insulin
and glucose: Relationships with hassles, anger, and hostility in non-
diabetic older adults. Psychosomatic Medicine, 58, 489—499.

Vitaliano, P. P., Scanlan, J. M., Krenz, C., Schwartz, R. S., & Marcovina,
S. M. (1996). Psychological distress, caregiving, and metabolic vari-
ables. Journal of Gerontology: Psychological Sciences, 51B, 290-297.

Vitaliano, P. P., Scanlan, J. M., Moe, K., Siegler, I. C., Prinz, P. N., &
Ochs, H. D. (1999). Stress, sleep problems, and immune function in
persons with cancer histories. Cancer Research, Therapy, and Control,
10, 167-182.

Vitaliano, P. P., Scanlan, J. M., Zhang, J., Savage, M. V., Hirsch, L., & Siegler,
1. C. (2002). A path model of chronic stress, the metabolic syndrome, and
coronary heart disease. Psychosomatic Medicine, 64, 418—435.

Vitaliano, P. P., Zhang, J., & Scanlan, J. M. (2003). Is caregiving hazard-
ous to one’s physical health? A meta-analysis. Psychological Bulletin,
129, 946-972.

Waldstein, S. R., & Elias, M. F. (2003). Introduction to the special section
on health and cognitive function. Health Psychology, 22, 555-558.

Waldstein, S. R., & Katzel, L. 1. (2001). Hypertension and cognitive
function. In S. R. Waldstein & M. F. Elias (Eds.), Neuropsychology of
cardiovascular disease (pp. 15-36). Mahwah, NJ: Erlbaum.

Walker, M., Berrish, T. S., James, A. R., & Alberti, K. G. (1994). Effect
of hyperinsulinemia and the function of the pituitary-adrenal axis in
healthy man. Clinical Endocrinology, 40, 493—-497.

Wicker, B., Perrett, D. 1., Baron-Cohen, S., & Decety, J. (2003). Being the
target of another’s emotion: A PET study. Neuropsychologia, 41, 139—
146.

Zachary, R. A. (1986). Shipley Institute of Living Scale—Revised manual.
Los Angeles: Western Psychological Services.

Received August 17, 2004
Revision received March 8, 2005
Accepted March 18, 2005 =

New Editor Appointed, 2007-2012

The Publications and Communications (P&C) Board of the American Psychological Association
announces the appointment of a new editor for a 6-year term beginning in 2007. As of January 1,
2006, manuscripts should be directed as follows:

e Emotion (www.apa.org/journals/emo.html), Elizabeth A. Phelps, PhD, Department of Psy-
chology, New York University, 6 Washington Place, Room 863, New York, NY 10003.

Electronic manuscript submission. As of January 1, 2006, manuscripts should be submitted
electronically via the journal’s Manuscript Submission Portal (see the Web site listed above).
Authors who are unable to do so should correspond with the editor’s office about alternatives.

Manuscript submission patterns make the precise date of completion of the 2006 volumes uncertain.
The current editors, Richard J. Davidson, PhD, and Klaus R. Scherer, PhD, will receive and consider
manuscripts through December 31, 2005. Should 2006 volumes be completed before that date,
manuscripts will be redirected to the new editor for consideration in 2007 volume.






