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Abstract
Objectives—To determine the relationship between depressed mood and the development of
Alzheimer's Disease in cognitively normal individuals.

Design—Longitudinal. Observational.

Setting—Community-based cohort study.

Participants—288 participants in the Cardiovascular Health Study-Cognition Study (mean
age=77.52, SD=3.65, range=70-89). All of the participants were adjudicated as cognitively normal
in 1998/99, and all had at least three visits prior to 1998/99 with measures of cognition and mood
state. The mean length of follow up from 1998-1999 to 2007 was 7.1 years (range 1-9 yrs, median=9
yrs).

Measurements—The Center for Epidemiological Studies-Depression Scale was used to index
mood state, and the Modified Mini-Mental State Examination (3MSE) was the index of cognitive
function among participants prior to 1998/99. These measures were considered in two ways:
participants were classified according to: 1) whether or not they showed a high negative correlation
between their CESD and 3MSE scores (i.e., indicating that greater depression was linked to poorer
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cognition), and 2) whether or not they showed persistently elevated CESD scores. The study outcome,
development of dementia (n=48), was based on consensus classifications based on detailed
neuropsychological and neurological exams.

Results—We could find no consistent relationship between mood state, either alone or in relation
to cognitive status and the subsequent development of dementia. Those individuals whose cognitive
functions were highly correlated with their mood state were no more likely to develop dementia than
other participants. Those who had persistently depressed mood were also no more likely to develop
dementia than those without persistently depressed mood.

Conclusion—Within the confines of this prospective, community-based study of elderly adults,
we could not find strong evidence to support the hypothesis that mood disturbance was linked with
the development of dementia.

Introduction
Studies from both epidemiological cohorts [1-3], and specialized clinic samples [4-7] have
found that symptoms of depression are risk factors for dementia, especially Alzheimer's disease
(AD) (See [8] for review). However, this is not a universal finding; other epidemiological
studies have shown that cognitive decline over time in the elderly cannot be explained by
symptoms of depression. While depressive symptoms may show cross-sectional associations
with cognitive functions, they do not predict subsequent decline in function [9-11]. Although
the analyses of dementia from the Cardiovascular Health Study have not previously focused
on the relationship between depression and incident dementia [12,13], there was an association
between having a Center for Epidemiological Studies - Depression Scale (CESD) score greater
than 8 in 1992-94 and incident dementia in 1998-99 (RR: 1.27 (95% CI: 1.01 – 1.59), p= .03).
However, the association was attenuated when we controlled for age, education level, MRI-
identified infarcts, gender, race, diabetes mellitus, hypertension, and heart disease (RR: 1.07
(95% CI: .83 – 1.39), p= .56). Thus, low mood state was occurring in the context of important
medical comorbidities, and this may result in a spurious correlation between depression and
dementia.

One way to view this paradoxical state of affairs is to consider that depression creates a
vulnerability state for dementia. For example, depression in the elderly is associated with
decreased hippocampal volume [14], and this association is stronger for those patients with
longer histories of Major Depressive Disorder [15]. There is an association between small
hippocampal volumes and incident dementia both in non-depressed individuals who have Mild
Cognitive Impairment [16,17] and in elderly depressed subjects [18]. However, not all subjects
with depression have cognitive deficits or progress to AD. In addition, the progression to AD
is not linear, and individuals may have episodes of depression with cognitive deficits that
improve over time, either spontaneously or after treatment for their depression [19].

Thus, there is both physiological and behavioral (e.g., [20,21]) support for suggesting that there
is an increased vulnerability to dementia among individuals with mood disturbance. Indeed,
this could be viewed in the context of a model of cognitive reserve [22,23] such that the
functional and structural CNS alterations associated with depression would reduce reserve
capacity in a dose:response manner. With increasing severity of depressive symptomatology,
cognitive test performance would decline. With decreasing severity of depressive
symptomatology, cognitive test performance would improve.

In order to evaluate this model, we used data from a subset of the 927 participants who
participated in the Cardiovascular Health Study – Cognition Study (CHS-CS) in Pittsburgh.
We hypothesized that there is a vulnerability state related to symptoms of depression that
lowers the threshold for the expression cognitive deficits related to an underlying degenerative
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condition, and that this increases the risk that these individuals will go on to develop dementia.
We tested this hypothesis in all of the CHS-CS who were cognitively normal in 1998/99 and
who were followed through 2007. Because we were not sure a priori how the vulnerability
state would express itself, we defined it in two ways. First, we reasoned that those individuals
in whom the link between symptoms of mood disturbance and cognition was strong would be
especially vulnerable to subsequent dementia. Therefore, if we were to evaluate a patient in a
clinical setting, and their cognitive functions became better or worse as their mood state
improved or deteriorated, we might infer that their cognitive state was directly affected by their
mood (a not uncommon situation in geriatric depression). Thus, we decided to identify those
CHS-CS participants whose mood state was linked to their cognitive state over several study
visits (i.e., years of observation) prior to the critical observation period. We measured the
correlation between the CESD and 3MSE variables within-subject because this would give us
a measure of the extent to which each participant's mood state and cognitive status covaried
over time. We focused our analyses on those participants whose CESD:3MSE correlation was
strongly negative (i.e., more mood disturbance, lower cognitive function, and vice-versa)
relative to the remainder of the study volunteers. These were the study participants in whom
there appeared to be a strong link between change in mood and abnormal cognition, and we
reasoned that these were individuals in whom a lower mood state would “uncover” the
underlying neurodegenerative process.

Because individuals with low levels of depressive symptoms (i.e., CESD score of 0-9) and
small changes in cognition could easily be captured in that analysis, we tested the relationship
between elevated symptom scores (by validated standards) and risk for AD. We hypothesized
that those participants who had persistently elevated symptoms of mood disturbance (such as
might be found in a specialty clinic for late-life mood disorders) would also be in a vulnerability
state relative to individuals with no symptoms of mood disturbance, and those with only
transiently depressed mood. Thus, we also created groups based on whether or not participants
showed consistently elevated CESD scores (i.e., ≥ 10) in the five years prior to the observation
period.

In summary, we classified each subject with regard to each of these two schemas. The critical
issues for the analysis (and interpretation) of the data are the facts that (a) the classification
was based on mood state prior to the observation period, and (b) all of the participants were
known to be cognitively normal at the beginning of the observation period based on
neuropsychological testing outcome. Using these two classification schemes, we then
evaluated our hypothesis - that there was an increased vulnerability to AD among individuals
with mood disturbance - in two separate sets of analyses.

Material and Methods
CHS Cognition Study

In 1988-89, 5201 noninstitutionalized individuals over the age of 65 were recruited in four
communities from the Part A Medicare list (Pittsburgh, PA, Sacramento, CA, Winston-Salem,
NC, Hagerstown, MD). The mean age of the cohort was 72 in 1989-90. In 1992-93, the fifth
year of the study, 687 African-Americans were added to the study in the same manner, in three
of the four centers; their mean age in 1992 was 71 years. The demographic characteristics of
the total Cardiovascular Health Study cohort of 5888 participants has been described previously
[24]. Extensive clinical, radiological, and laboratory data were obtained from all its participants
and included the Modified Mini-Mental State Examination (3MSE) [25] and the Digit Symbol
Substitution Test [26] annually. Information on cognition was obtained from proxies (e.g.,
spouses, children) using the Informant Questionnaire for Cognitive Decline in the Elderly
[27], and the dementia questionnaire [28]. The CHS staff also obtained information from
participants and next-of-kin regarding vision and hearing, the circumstances of the illness,
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functional status, and information about medication use and alcohol consumption. Data on
instrumental activities of daily living were also collected at every clinic visit [29]. Therefore,
we have a complete 12-13 year clinical history of each of the participants entered in this study.

In 1998/99, 3608 CHS participants underwent a structural MRI scan of the brain, and 924 of
these were scanned in Pittsburgh. In 2002, the CHS-CS study began at the Pittsburgh site only
[30]; this study is designed to determine the incidence of MCI and AD among those participants
who had been classified as either cognitively normal, or having MCI in 1998-99. From the 924
participants in Pittsburgh who were alive and were scanned in 1998/99; 297 were cognitively
normal and were available for study in 2002-03 (i.e., could complete all study evaluations)
(See Figure 1). The characteristics of the CHS cohort, and the Pittsburgh CHS-CS have been
described previously [29-31].

Study Sample
For the present analysis we selected those individuals who were classified as cognitively
normal in 1998/99 (n=441)(see below), and who had at least three evaluations that included
both the CESD and 3MSE (n=288) prior to and including the 1998/99 clinic visit (i.e., prior
to the beginning of the observation period) (See Figure 1). The mean age of the group was
77.52 years (SD=3.65, range=70-89). We then evaluated the risk of developing AD during
follow-up through 2007 among the 48 participants who converted to dementia. We compared
the characteristics of the participants included in the analysis to those who were excluded, and
found that the groups were compatible except that 5 of the 9 excluded cases were African-
American.

Clinical examination
Neuropsychological examination—The neuropsychological battery included tests of
premorbid intelligence, memory, language, visuoperceptual/visuoconstructional, attention/
executive, and fine motor control functions. Details of the neuropsychological battery, and
normative data have been previously published [32].

Neurological exam—The neurological exam included a brief mental status examination, as
well as cranial nerves testing, motor tone, abnormal movements, strength, deep tendon reflexes,
release signs, plantar response and clonus, cerebellar testing, primary sensory testing, gait, and
postural stability. The examiner also completed the Unified Parkinson's Disease Rating Scale
[33] and the Hachinski Ischemic Scale [34].

Psychiatric examination—Symptoms of depression were measured with the modified 10-
item version of the Center for Epidemiology Studies Depression Scale (CESD) [35]. A score
of 10 or greater on the CESD indicates significant depressive symptoms comparable to a score
of 16 or greater on the full-length scale, which has good sensitivity and specificity for a major
depressive disorder diagnosis [36]. Additional psychiatric information was obtained using the
Neuropsychiatric Inventory [37].

Diagnostic criteria
The diagnosis of dementia was made by the Adjudication Committee using all available data
from each participant [31]. The presence of dementia was established based on impairments
in performance in two or more cognitive domains that were of sufficient severity to affect the
participants' activities of daily living, and a history of normal intellectual function before the
onset of cognitive abnormalities. An abnormal domain was present when at least two tests in
the same domain were abnormal. The Adjudication Committee assigned specific diagnoses
(e.g., AD, Vascular Dementia, etc.) using the accepted research standard classifications,
including DSM-IV, NINCDS/ADRDA, NINDS-AIREN, and ADDTC. However, all of the
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cases in this study sample met criteria for Probable or Possible AD [38], and these criteria have
shown a sensitivity of 98% and a specificity of 88% for AD relative to neuropathological
diagnosis [39].

Statistical Analysis
Analysis 1—For each individual participant, a correlation coefficient was computed over that
person's serial assessments collected between 1992-1999 (i.e., a within-subject correlation) to
reflect the strength of the association between the CESD and 3MSE for that individual. This
new variable, reflecting the temporal covariation between depression and cognition was
examined as a predictor of the development of dementia between 2002-2007. Specifically, it
was hypothesized that a strong negative within-subject correlation between CESD and 3MSE
scores over time would be associated with the greatest risk of developing AD. Therefore, we
identified those participants whose CESD:3MSE correlation was in the lower 25% of the
distribution (i.e., strongest negative correlation) and compared them to the remaining
participants in terms of the incidence of AD. The linkage between the covariation variable and
dementia incidence was examined at the simple bivariate level and then with multivariate
logistic regression to adjust for other known risk factors for dementia (e.g., age, hypertension,
heart disease, diabetes mellitus, MRI-infarcts, white matter lesions).

Analysis 2—For the second analysis we used the 1994-1998 CESD data (i.e. 5 years of data)
to create three sub-groups modeled after those used by Lenze and colleagues in a prior analysis
of the CHS [40]: 1) non-depressed (n=205), 2) transiently depressed (n=56), and 3) persistently
depressed (n=27). If all the CESD scores in those 5 years were less than 10, the participant was
defined as ‘non-depressed’. If at least 75% of the CESD scores in those 5 years were greater
than 9 or the CESD scores in the last 2 years (1997, 1998) were greater than 9, then the person
was considered ‘persistently depressed’; otherwise, the participant was considered ‘transiently
depressed’. We predicted that those participants who were persistently depressed in the period
prior to 1998/99 would have an increased risk for AD after 1998/99.

Cox proportional hazard models of the factors associated with the development of dementia
were completed; both models (i.e., both Analysis 1 and 2) satisfy the proportional hazard
assumptions. The study participants who died before the end of the observation period (i.e.,
2007) were censored at the year of death. Those participants who were still alive and cognitively
normal at the end of the observation period, were censored at 2007. The mean length of follow
up from 1998-1999 to 2007 was 7.1 years (range 1-9 yrs, median=9 yrs). The results described
below are for the analyses that account for critical covariates.

Results
Analysis 1

A total of 288 cognitively normal CHS-CS participants had at least 3 pairs of 3MSE and CESD
scores prior to 1997/98; data from these participants were used for this analysis. Descriptive
characteristics of these participants are shown in Table 1. In the sample used in this analysis,
there was no significant association between critical medical comorbidities such as
hypertension and MRI infarcts and the mood-state grouping variables (See Table 2A).

The multivariate model revealed that in terms of the development of AD, only age (Wald
χ2=10.54, df=1, p<.001, HR=1.15 (1.06, 1.25)) and ventricular grade (χ2=6.69, df=1p=.01,
HR=2.60 (1.26-5.36)) were significantly associated with conversion. There was no significant
increase in HR among those participants with the highest negative correlation between the
CESD and 3MSE scores (See Table 2A).
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Analysis 2
Table 1 shows the descriptive characteristics of the participants, grouped according to mood
state during the five years prior to the 1998/99 evaluation (right hand panels). There was a
significant difference in the scores on the 3MSE in 1998/99 between the three groups (See
Figure 2). Specifically, the likelihood that a participant would have a score less than 90 (i.e.,
poorer performance on the 100 point scale) differed significantly between the groups (χ2 =15.4,
df=2, p<.001), with the non-depressed participants being the least likely to have scores below
90.

In terms of the development of AD, only age (Wald χ2=9.93, df=1, p<.001, HR=1.15 (1.05,
1.25)) and ventricular grade (χ2=6.71, df=1, p=.01, HR=2.62 (1.26-5.42)) were significantly
associated with incident AD. There was no significant increase in HR among those participants
with either transient or persistent depression relative to the non-depressed participants (See
Table 2B).

Discussion
Within the confines of this longitudinal, community-based sample of elderly adults, we did
not find strong evidence to support the hypothesis that mood disturbance was linked with the
development of dementia. In the first analysis we identified CHS-CS participants in whom the
scores on the 3MSE and the CESD were strongly negatively correlated. That is, among these
participants when their CESD scores increased (indicating greater mood symptoms), their
scores on the 3MSE at the same study visit decreased (indicating poorer cognitive functions).
Our assumption was that in these participants the link between mood state and cognitive state
was stronger than it was in other participants, and that this might indicate a greater vulnerability
to dementia due to a decrease in cognitive reserve. However, there was no association between
this correlation and subsequent cognitive decline. In the second analysis we defined mood
disturbance based on the CESD score, and the persistence of any elevation during the five years
prior to our observation period. Again, we did not find a significant link between persistently
low mood state and the development of dementia. We thus conclude, as have others [9], that
while depression may be transiently association with poor cognition, it does not increase the
rate at which people develop AD.

Our findings generally argue against the vulnerability hypothesis of depression in the elderly.
Because there was a 3 year period between the last clinic contact in 1999 and the evaluation
in 2002-03, we were expecting that the persistence of depression (from 1992 to1999) or a strong
covariation between depression and cognitive functioning would have resulted in an increased
rate of dementia; however, we did not find such an association. We did find, as we have in the
past, that there is a group of cognitively normal individuals whose global cognitive functions
(i.e., 3MSE scores) declined when depressive symptoms increased (or improved with
decreased symptoms of depression), but this relationship did not convey any additional risk to
develop dementia over time. To the extent that the such changes in global cognition may be
severe enough to warrant a classification of Mild Cognitive Impairment (especially in the
context of depression), this may explain why we find a link between depressive symptoms and
Mild Cognitive Impairment in cross-sectional studies [41,42], or in studies with short-term
follow-up[43].

Establishing that a personal characteristic such as depressed mood serves as a risk factor, rather
than a correlate or outcome of cognitive impairment, requires that participants be free of
cognitive impairment at the point(s) of risk factor assessment. When the normal/abnormal
classification of dementia is made based on a cut-off of a global cognitive measure (e.g., [2,
3]), there is a risk of including in the “normal group”, individuals with early dementia. Even
if the “miss rate” of a given two-stage screening protocol is known (e.g., [13]), the fact remains
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that the group classified as cognitively normal likely includes individuals in the earliest stages
of dementia. Thus, mood symptoms that accompany the development of memory loss and other
symptoms of the impending dementia may be found in participants who, although classified
as cognitively normal based on the screening tests, are actually in the earliest stages of clinical
dementia. In that case, we would predict that the risk of dementia in such cases would actually
decline over time - once the early AD cases (who were considered normal) had developed
dementia, there would be no additional increased rate of conversion. This is exactly what
Andersen and colleagues found; the association between history of depression and incident
AD after two years of follow-up (OR: 1.9, 95% CI: 1.0-3.3) was attenuated after 5 years follow
up (OR: 1.6, 95%CI: 0.9-2.7) [44].

In the CHS the mean 3MSE score of the AD cases was 88.1 [45], which is well above the
standard cut-off of normal cognition (i.e., greater than 80/100 [46]). Had we used the standard
criterion for determining normal (or “not impaired”) cognitive state, we would have under-
estimated the true prevalence of impairment, but more important our “normal” group would
have contained mild AD cases thus biasing studies of incident AD such as this one. Because
we have historical information on the cognitive functions of the study participants, we can
determine whether or not there is evidence of decline in cognitive functions - even if the
summary measures remain within normal limits. Figure 3 shows that there was no decline in
3MSE scores across the years prior to the observation period as a function of whether the
participants reported persistent symptoms of mood disturbance. Thus, we feel confident that
our group of cognitively normal participants was as free from early clinical dementia as we
could reasonably expect. We not only have a less biased group of cognitively normal
participants at the beginning of the observation period, but we have good ascertainment of the
dementia outcome at its earliest onset.

There are several strengths of to this study. First, the original CHS participants were selected
based on their inclusion on the Medicare lists, and not because of any mood or cognitive
complaints or symptoms [24]. Second, there was a wealth of data for the 10 years prior to the
beginning of the observation period that were used to control for possible co-morbid factors
that could affect the risk of dementia. Third, the ascertainment of AD was done using a
neuropsychological assessment and neurological exam, coupled with interviews with
informants. Fourth, the participants in the study had documented normal cognition at the
beginning of the observation period, and for a period of time prior. (See Figure 3).

However, there are also limitations to these data that need to be kept in mind. First, we did not
ascertain syndromal Mood Disorder using standardized interviews (e.g., SCID [47], or MINI
[48]). Thus, while we have excellent visit-to-visit measurement of mood state, we do not have
research-level diagnoses of any mood disorders. Second, the sample size is small by the
standards of epidemiological studies (n ∼ 300); however, with our sample size we were able
to detect a HR of 3.2 with 80% power and a 2-sided alpha of 0.05. Said another way, assuming
that HRs that we measured are valid indicators of the true HR, then we would have needed a
sample of in excess of 4100 participants to detect them as statistically significant. Thus, we
feel that we have adequate power to detect relevant effects, and that what we report is, in fact,
a “null” finding. Third, the average age of the participants was 77 years, and our findings may
be affected by a survivor bias. In order to be included in this study, the participants had to be
cognitively normal in 1998/99. Thus, individuals who had developed dementia prior to
1998/99, or who had Mild Cognitive Impairment were excluded from this study. If depression
were to exert effects to alter the risk of dementia, it would do so at an earlier age; those
individuals who survived until their late 70's or early 80's without a cognitive impairment would
be viewed as relatively immune to the additive effects of depression. This hypothesis is
consistent with recent findings from the Rotterdam study [49], although the nature of that two-
stage screening protocol makes it difficult to draw firm conclusions.
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One finding that bears discussion was our failure to find an association between incident
dementia and level of education. Within the CHS study [50] differences in incidence rates as
a function of education level were significant only among white participants. Whites with less
than high school education had an age-adjusted dementia incidence of 41.9 per 1,000 person-
years, compared with 36.6 for high school graduates and 30.6 for individuals with at least some
college education (p<.0001). Age-adjusted incidence of dementia for African Americans was
67.4 for those with less than high school, 55.8 for high school graduates, and 42.1 for college
attendees (p=.79). Further, the age of this sample again raises the possibility that survivor bias
may be affecting the results.

Geriatric depression is associated with an increased rate of medical comorbidities, and an
increase in premature death [51]. This explains why, in the earlier study from the CHS [12]
depression-dementia links were fully mediated by measurers of cardio-and cerebrovascular
health (cf., [52]). In the present study, there were no differences in the rates of medical problems
between the study groups, which suggests the possibility that the sicker, depressed participants
had either already developed dementia (as above) or had died. Thus, our failure to find a link
between depression and incident dementia could be viewed as evidence that depression exerts
its “effect” on cognition by having the unwanted fellow travelers of medical disease. The
clinical ramification of this conclusion is that physicians caring for elderly patients with
depression need to pay particular attention to caring for the conditions/diseases that affect the
cardio- and cerebrovasculature. By doing so, they may reduce the medical burden of their
patients and reduce the likelihood of their developing cognitive dysfunction.

One other important characteristic of the sample that bears emphasizing is that the rate of use
of anti-depressant medications was low. Among the individuals classified as persistently
depressed, only 2/27 (7.4%) were being treated. While this may mean that these individuals
did not, in fact, meet criteria for Major Depressive Disorder, it is more likely the case that their
mood state was not appreciated by the treating physician [51].

These data emphasize the importance of attending to critical differences between studies
conducted in referral research clinics and those conducted using community-based samples.
In addition to questions related to the extent to which the samples accurately reflect the
characteristics of the population of interest, the “portal of entry” into the study may be critical
for the results of any studies of associations. For example, while participants in referral memory
disorder clinics (e.g., Alzheimer's Disease Research Centers) by definition have complaints of
cognitive impairment, fewer than 10% of the CHS-CS participants classified as demented had
been previously diagnosed [13]. Thus, the CHS-CS is identifying AD in its mildest (or earliest)
manifestations. The same could hold true for studies of mood disturbance. Participants in
typical research clinics are recruited based on the presence of diagnosed mood disorder, which
means that either the patient or the family felt that the dysphoria was severe enough to warrant
care at a specialty clinic (as opposed, for example, to treatment by the Primary Care Physician).
By the same token, individuals with severe depressed mood may be the ones who are less likely
to agree to enroll in a study such as the CHS-CS, or who will have the lowest rate of follow-
up.

Taken in context, these data suggest that the link between mood disturbance and the
development of dementia is not as strong as might be expected. In our view, the data that are
needed to fully address this issue simply do not exist. In studies such as the CHS-CS that
focused on cognitive outcomes, the assessment of diagnosable mood disorders is sub-optimal.
Among those studies using research-level psychiatric diagnoses, the ascertainment of cognitive
impairment is not as strong as it should be. Thus, there is a critical need for a single study that
does a good job of assessing both types of outcomes. When coupled with a good evaluation of
cardiovascular and cerebrovascular factors (including MRI scans of the brain), and when begun
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prior to the development of even the earliest symptoms of age-associated cognitive dysfunction
(e.g., 45-55 years old at time of enrollment), that type of large scale study could provide a
wealth of critical information regarding the earlier life events that affect the risk of developing
clinical dementia.
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Figure 1.
1) Flow chart of study enrollment. See text for details.
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Figure 2.
2) Relationship Between 3MSE Score in 1998/99 and Prior Mood State. Proportion of
participants with 3MSE scores in the range of <90, 91-95 and >95 (vertical axis) as a function
of the persistence of depressed mood (horizontal axis).
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Figure 3.
3) 3MSE Score over Time by Depression Group. Scores on the 3MSE (vertical axis) in the
five years prior to the observation period (horizontal axis) as a function of the persistence of
depressed mood.
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Table 2

Associations with Incident AD (through 2007) among Cognitively Normal Participants (1998)

A: CESD: 3MSE Correlation (2)

Variable Wald χ2 Hazard Ratio (95% CI) p

Age 10.54 1.15 (1.06, 1.25) <.001

Sex (Male) 0.40 0.81 (0.42, 1.57) .53

Education (≤HS) 0.04 0.94 (0.49, 1.81) .85

Race (White) 0.24 0.81 (0.35, 1.89) .62

Large infarct 1 0.96 0.65 (0.27, 1.55) .33

Ventricular grade ≥5 1 6.69 2.60 (1.26, 5.36) .01

White matter grade ≥3 1 0.04 1.07 (0.53, 2.17) .84

Diabetes 0.34 1.35 (0.49, 3.71) .56

Hypertension 0.33 0.83 (0.44, 1.56) .56

Heart disease 0.06 0.86 (0.26, 2.91) .81

Correlation Group <25th 0.91 0.83 (0.34, 2.01) .63

 middle 50th 0.91 0.69 (0.32, 1.48) .63

B: Mood-State Grouping (2)

Variable Wald χ2 Hazard Ratio (95% CI) p

Age 9.93 1.15 (1.05, 1.25) <.001

Sex (Male) 0.44 0.80 (0.41, 1.55) .51

Education (≤HS) 0.15 0.88 (0.45, 1.70) .70

Race (White) 0.34 0.78 (0.34, 1.79) .56

Large infarct 1 0.76 0.68 (0.29, 1.61) .38

Ventricular grade ≥5 1 6.71 2.62 (1.26, 5.42) .01

White matter grade ≥3 1 0.01 1.03 (0.51, 2.09) .94

Diabetes 0.48 1.42 (0.53, 3.85) .49

Hypertension 0.12 0.90 (0.48, 1.67) .73

Heart disease 0.01 0.95 (0.28, 3.25) .94

Depression - persistent 1.78 1.33 (0.49, 3.65) .41

 transient 1.78 1.62 (0.78, 3.35) .41

1) Using CHS Criteria for grading MRI scans [53]

2) All df=1.
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