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Background. Previous studies have investigated depression as the cause and outcome of vascular deficit in elderly
persons.

Methods. The authors wanted to determine whether baseline depression is predictive of subsequent cardiovascular
events in very elderly persons residing in a continuing care retirement community (n ¼ 181).

Results. Controlling for demographic factors, both depression and the number of cardiovascular risk factors (CVRFs)
at baseline were strongly predictive of stroke, whereas only CVRFs strongly predicted myocardial infarctions. Depression
accounted for 12% of the variance in stroke incidence, beyond the contribution of CVRFs. Path analysis indicated that
depression was also a partial moderator of the effect of CVRFs.

Conclusions. In support of the vascular depression hypothesis, the study findings indicate that, for the oldest old,
depression may be a strong predictor of future stroke. The presence of depression in elderly patients should alert
physicians to carefully investigate other stroke risk factors and to integrate depression into an overall intervention regimen
for reducing patients’ risks for stroke.

ONE of the key goals of gerontology is to improve
satisfaction in late life, by enabling health-care pro-

fessionals to identify serious conditions and provide early
treatment for their patients. One focus has been depression.
It has been known for some time that rates of depression are
significantly higher in eldercare settings than in the com-
munity. For instance, Kramer and associates (1) found a rate
of major depression of only 1.3% in the community. In
comparison, Rapp and coworkers (2) found that 15.3% of
inpatients in a similar sample were depressed, for a rate
approximately 10 times higher. This trend has been widely
reproduced. Therefore, identifying the causes and conse-
quences of depression is important in improving medical
care for elderly persons.

Research has also indicated that depression in elderly
people is often related to declines in vascular function.
Alexopolous and colleagues (3) defined depression as vas-
cular when it coincided with a history of hypertension or
vascular deficit, and they found that this occurs with distinct
symptoms, including increased cognitive impairment and
disability. Several confirming studies have indicated that
elders with cardiovascular risk factors (CVRFs), such as
hypertension, are at risk for depression (4,5), and imaging
and neuropathologic examinations (6–8) have confirmed a
unique physiologic presentation of depression in younger
persons, specifically an increased presence of white matter
hyperintensities and basal ganglia lesions in conjunction
with depression in elderly persons.

Research has also indicated that depression may be con-
ceptualized as both the cause and the result of major health
events that are common in elderly individuals. In particular,

there has been considerable interest in the link between
depression and major cardiovascular events, specifically
stroke and myocardial infarction (MI). Everson and col-
leagues (9) found that the relative risk for death as a result of
stroke in depressed patients was 57% to 70% greater than
that for nondepressed patients (mean age at baseline, 43.4
years). Wassertheil-Smoller and colleagues (10) also found
increased risks for stroke (6% to 29%) and MI (7% to 20%)
in depressed persons (mean age, approximately 70 years).
However, Colantino and associates (11) found only a non-
significant increase in stroke rate for depressed compared
with nondepressed patients (average age, approximately 70
years), and Thomas coworkers (12) found no significant dif-
ference in the overall mortality rates for depressed and non-
depressed patients (average age, 75 years).

Although the overall rate of stroke is low, one half of all
strokes occur in patients older than 75 years (13). Further-
more, previous research into elders’ health outcomes has
shown significant differences between the ‘‘young-old’’
(those in their 60s and 70s) and the ‘‘old-old’’ (those older
than 80 years). For instance, Hanks and Lichtenberg (14)
found that persons older than 70 years showed significantly
worse outcomes in rehabilitation, similarly indicating a need
to focus screening efforts on this group.

In summary, although previous studies have laid an ex-
cellent foundation for understanding the role of depression in
stroke outcomes, none of these studies have focused on the
oldest old in care settings, the population at greatest risk for
depression and stroke. In the current study, we sought to
address this gap, considering the oldest old in continuing
care. This setting offers two strengths. First, this type of care
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accounts for an increasing portion of eldercare in the United
States. Second, members of such a community live inde-
pendently on entry, with minimal caregiver intervention,
suggesting higher functioning and reduced initial comor-
bidity, creating a baseline that is more representative of the
healthy young-old phase, and representing the increasing
need for care through follow-up examinations.

To elucidate the relation between vascular deficit and de-
pression, we tested the following hypotheses: (a) that the
baseline presence of depression and traditional CVRFs pre-
dict cardiovascular events (strokes and MIs) in elders; (b)
that, consistent with the vascular depression hypothesis, de-
pression is an early result of the same vascular deficit that
leads to cardiovascular events and may therefore serve as a
partial mediator between CVRFs and cardiovascular events;
and (c) that the impact of baseline depression on stroke
incidence is greater than its impact on MI, because depression
indicates specific cerebrovascular deficit, whereas MIs may
occur when a vascular deficit is localized outside the brain.

METHODS

Participants
Participants in this study consisted of residents in

a continuing care retirement community (n¼ 181) in central
Michigan. This facility integrated housing options from
independent or assisted living to long-term care. Table 1
summarizes characteristics of the sample, which consisted
of mostly female (69.1%), very elderly (M ¼ 83.2 years,
SD¼ 7.1 years), predominantly white (.99%) persons. All
residents were admitted to independent living apartments
between 1992 and 1996, with many subsequently receiving
increased levels of care (n¼68) on average approximately 3
years after admission (M¼ 35 months, SD¼ 27.9 months).
All participants were examined between 1992 and 2002.

Procedures
Each resident was examined at baseline (admission), and

at least once yearly thereafter, by a board-certified

geriatrician. Depression was recorded at baseline for many
of the residents (n ¼ 126) through administration of the
Geriatric Depression Scale (GDS-15) and was also evalu-
ated by physician diagnosis (DSM-III-R criteria). This scale
has been extensively validated for use with the elderly
population in community, clinical, and eldercare settings
(15). In addition, cognitive functioning was assessed at base-
line using the Mini-Mental State Examination (data avail-
able for 151 residents), with a cutoff score of 24 or better
indicating intact functioning.

Cardiovascular risk factors were documented after a phys-
ical examination by the attending physician and consisted of
hypertension (defined as systolic blood pressure of at least
160 mmHg and diastolic blood pressure of at least 90
mmHg), congestive heart failure, arterial fibrillation, di-
abetes, hyperlipidemia (defined as a low-density lipoprotein
count of at least 150 mg/dL), and smoking (participant report
of lifetime history). Although body mass index was cal-
culated, few residents qualified as obese, and so obesity
was not included as a CVRF. Using dates of onset, only
CVRFs prevalent at admission were included in the analysis.
Finally, stroke and MI incidence were documented during
the follow-up period, as indicated by physician diagnosis.

Some residents were removed from the sample as a result
of missing baseline data: Mini-Mental State Examination
(n¼ 30), GDS (n¼ 55), or both. One was removed because
of prevalent stroke history (none experienced prevalent MI),
leaving a total of 110 participants in the reduced sample.
The participants were separated into 3 outcome groups:
those who experienced a stroke (n¼ 24), an MI (n¼ 15), or
neither (n¼ 73). Two residents experienced both events and
were included in both of the latter groups.

Statistical Procedures
Pearson correlations were performed to assess the rela-

tionship between the predictor variables (demographics, de-
pression, cognitive function, and CVRFs) and the criterion
(stroke or MI). The incidence rates for stroke and MI for
depressed and nondepressed residents were calculated with
the respective 95% confidence intervals.

Binary logistic regressions were performed to model the
likelihood of MI and stroke as a function of demographics,
cognitive function, CVRFs, and depression. Variables were
entered blockwise, with sex, the number of CVRFs, and
depression entered in late blocks. All regression analyses
were performed using SPSS version 11.5 (SPSS, Chicago,
IL). Finally, a path analysis was performed using Amos
version 5.0 (SPSS, Chicago, IL) to determine whether de-
pression mediated the relationship between CVRFs and the
subsequent incidence of stroke. In this analysis, the number
of CVRFs and sex were entered as exogenous variables,
and depression and stroke incidence were entered as endoge-
nous variables. Sex was included in the model because of
its significant correlation with depression prevalence.

RESULTS

Table 1 summarizes the demographics of the original and
reduced samples. Consistent with previous literature, the
baseline depression rate was 34.9%, and 82.1% of residents

Table 1. Comparison of Original and Reduced Data Sets

Original

Data Set

Reduced

Data Set v2 or t* Sig

No. of participants 181 110

Average age at admission 83.2 84.4 1.375 0.170

Average years of

education (N ¼ 180)y 11.4 11.5 0.117 0.907

Body mass index (N ¼ 175)y 24.3 23.9 -0.682 0.496

% Female 69.1% 69.1% 0.000 1.000

% Married 29.8% 28.2% 0.101 0.951

% Depressed per

GDS (N ¼ 126)y 34.9% 32.7% 0.152 0.927

No. of CVRFs 0.99 1.36 2.206 0.028

% High-functioning

(MMSE . 24) (N ¼ 151)y 82.1% 80.9% 0.020 1.000

% With postbaseline stroke 14.4% 21.8% 9.491 0.009

% With postbaseline MI 10.5% 13.6% 3.078 0.215

Notes: *v2 used for proportions, and t test used for means.
yValid averages for original data set, valid N for original data set shown

in parentheses.

GDS = Geriatric Depression Scale; CVRF = cardiovascular risk factor;

MMSE = Mini-Mental State Examination.
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displayed MMSE scores in the range of intact functioning
(defined as a score of 24 or more, with a mean of 26.5
points, SD ¼ 3.5 points). A cut score of 6 or more on the
GDS-15 was used to indicate depression; when compared
with clinical diagnoses, this was found to have a sensitivity
of 0.71. The reduced sample (n¼ 110 persons with baseline
GDS and MMSE data and no history of stroke or MI at
admission) did not differ significantly on any demographic
variable, although the average number of CVRFs per
participant was higher (t(289) ¼ 2.206, p , .05) than in
the original sample, as was the nominal incidence rate of
strokes (v2 ¼ 9.491, p , .01).

Table 2 shows the demographic comparisons of outcome
groups. Demographic differences between groups were
primarily limited to sex: the stroke group had a significantly
higher percentage of women, and the MI group had
a significantly lower percentage of women compared with
the ‘‘neither’’ group (v2 ¼ 12.769, p ¼ .002). Beyond
demographics, the stroke group had a higher rate of
depression than the MI group, which in turn had a higher
rate of depression than the neither group (v2¼ 41.859, p ,
.001). A one-way analysis of variance test with post hoc
Tukey-HSD assessment indicated that both the stroke and
MI groups had significantly greater numbers of CVRFs, but
the difference between the 2 groups was not significant (F¼
25.030, p , .001).

The Pearson correlation test was used to determine the
relationships between baseline characteristics and outcomes
(Table 3). Although not all variables are truly interval-ratio,
this parametric test is sufficiently robust to provide

meaningful estimates. In cases below with a substantial
deviation (>5%) between the Pearson and Spearman tests,
both values are indicated. Although not shown, correlations
between CVRFs ranged from r¼ .04 to r¼ .45. The number
of CVRFs was strongly positively correlated with baseline
depression (r ¼ .47, p , .001) and with the likelihood of
both stroke (r¼ .43, q¼ .46; both p , .001) and MI (r¼ .34,
q¼ .30; both p¼ .001). However, hypertension was a better
predictor of stroke and diabetes was a better predictor of MI
than the overall number of CVRFs. Depression at baseline,
measured using the GDS, showed strong positive correlation
with the likelihood of stroke (r¼ .62, p , .001) but not MI
(r¼�.05, p¼ .594).

Finally, sex was considerably correlated with depression
(r¼�.21, p ¼ .024) and with the rates of MI (r ¼ .25, p ¼
.008) and stroke (r ¼�.21, p ¼ .027), with women being
more likely to be depressed at baseline and to experience
strokes, and men being more likely to be free of depression
at baseline and to experience MI.

The incidence rate of stroke in the depressed group (58%)
was significantly higher than in the nondepressed group
(4%). In comparison, we found no significant difference in
MI rates (11% vs 15%). Table 4 summarizes the incidence
rates and shows the associated confidence intervals.

We used logistic regression to determine whether
depression was a significant predictor of stroke, once the
effect of CVRFs was taken into account (Table 5). Sex was
not significant, indicating that traditional physiologic risk
factors can explain the difference in stroke rates between
men and women in this sample. The number of CVRFs was
significant, explaining an additional 15% of variance in
stroke incidence beyond demographic factors. However,
depression also accounted for a large amount of variance
(12%), above and beyond demographics and CVRFs, and
reached the highest level of significance (p , .001) in the
model. For comparison, a similar model of MI incidence
was tested; in this model, only the number of CVRFs

Table 2. Comparison of Participants in the Reduced Data Set From Different Outcome Groups

Total Neither Stroke MI Statistic Sig Direction

No. of participants 110 73 24 15

Mean age at admission 84.4 84.9 83.0 84.1 F ¼ 0.863 0.425

Mean years of education 11.5 11.4 11.1 12.5 F ¼ 1.312 0.274

Body mass index 23.9 23.5 24.6 25.3 F ¼ 1.568 0.213

% Female 69.1% 69.9% 87.5% 40.0% v2 ¼ 12.769 0.002 Stroke . Neither . MI

% Married 28.2% 23.3% 33.3% 46.7% v2 ¼ 3.253 0.197

% Depressed per GDS 32.7% 17.8% 87.5% 26.7% v2 ¼ 41.859 0.000 Stroke . MI . Neither

No. of CVRFs 1.36 0.78 2.54 2.60 F ¼ 25.030 0.000 Stroke ¼ MI . Neither

% High-function per MMSE 80.9% 79.5% 83.3% 80.0% v2 ¼ 0.307 0.858

Notes: MI ¼ myocardial infarction; GDS ¼ Geriatric Depression Scale; CVRF ¼ cardiovascular risk factor; MMSE ¼Mini-Mental State Examination.

Table 3. Pearson Correlations Between Predictor and

Outcome Variables

Sex

Risk

Factors

GDS

Cutoff

Cog.

Func. Stroke MI

Sex* 1.00

No. of Risk Factors 0.04 1.00

GDS Cutoffy �0.21 0.47 1.00

Cog. Func.z 0.03 0.02 0.06 1.00

Stroke Incidence§ �0.21 0.46 0.62 �0.03 1.00

MI Incidence§ 0.25 0.34 �0.05 �0.14 �0.081 1.00

Notes: *Coded as female¼ 0, male¼ 1; yCoded as depressed; (GDS � 6)¼
1; zcoded as impaired functioning ¼ 1 (MMSE , 24); §coded as condition

occurred ¼ 1. Correlations in bold are significant at the p , .05 level.

Cog. Func. ¼ cognitive function; MI ¼ myocardial infarction; GDS ¼
Geriatric Depression Scale; MMSE ¼Mini-Mental State Examination.

Table 4. Incidence Rates for Stroke and MI

Group N

Stroke

95% CI

MI

95% CIN Rate N Rate

All 110 24 22% (12.5%, 31.2%) 15 14% (4.3%, 23.0%)

Nondepressed 74 3 4% (0.0%, 15.4%) 11 15% (3.5%, 26.3%)

Depressed 36 21 58% (42.0%, 74.7%) 4 11% (0.0%, 27.4%)

Note: CI ¼ confidence interval; MI ¼ myocardial infarction.
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(b ¼ .83, p ¼ .001) was significant at the a ¼ .05 level.
Depression was not significant (b ¼ �1.08, p ¼ .186).
The addition of the depression block in this model had
a minimal impact on cumulative the R2 value, increasing it
from .18 to .19.

Finally, we conducted a path analysis to determine
whether depression mediated the relationship between
CVRFs and the incidence of stroke (Figure 1). CVRFs were
predictive of depression, and depression was a strong pre-
dictor of incident stroke. Although the relationship between
CVRFs and stroke remained statistically significant in this
model, the magnitude of this relationship was diminished by
the inclusion of depression as a mediator when compared
with the bivariate correlation coefficient between CVRFs
and stroke (r ¼ .43, q ¼ .46, both p , .001). Therefore,
depression partially mediated the relationship between
CVRFs and stroke.

DISCUSSION

Implications of the Results
Our initial hypotheses were (a) that baseline CVRFs and

depression predict cardiovascular events in elderly people;
(b) that depression mediates the effect of CVRFs on event
likelihood; and (c) that the impact of depression on stroke is
stronger than that for MIs. This investigation showed that
although both CVRFs and depression are predictive of stroke
incidence, only CVRFs are predictive of MIs, partially
validating the first hypothesis. Most of the contribution of
CVRFs to stroke incidence came through the mediation of
depression, a path that did not significantly explain the
incidence of MI, validating the second and third hypotheses.

The vascular depression hypothesis states that depression
in elderly populations may be attributed frequently to im-
paired cerebrovascular function (3). Although this may be
related to obstructions in the heart or surrounding arteries,

which may lead to MI, it is much more directly related to
strokes, particularly of the embolism type, which can only
arise from preexisting cerebrovascular obstruction. There-
fore, the fact that depression often presaged stroke in our
participants with vascular burden is consistent with the vas-
cular depression hypothesis, in that vascular depression may
be an early adverse effect of the process leading to strokes.

This study is the first, to our knowledge, to present a
dramatically increased risk for stroke in depressed elders.
Although previous studies have investigated this, they have
either failed to find a risk increase or found a considerably
smaller increase. One key difference between this study and
past studies is age; the current mean age of 83.2 years is
more than 10 years older than other reported samples. Pre-
vious studies have shown that age is a strong direct predictor
of death and also mediates other risk factors (16).

Applications and Future Directions
Our primary conclusion is that, at least in the old-old,

depression appears to identify cerebrovascular deficit and
predict future stroke. It is not yet clear how the comorbidity of
cerebrovascular deficit and depression arises. Although
studies have identified white-matter hyperintensities and
other lesions, there is no consensus on their origin. One
possible source is undiagnosed or underdiagnosed transient
ischemic attacks. Although they are traditionally defined by
their short nature (all symptoms pass within 1 day) and lack
of permanent damage, recent studies have indicated longer-
term effects of transient ischemic attacks. Lovett and col-
leagues (17) found that they significantly predicted subse-
quent stroke. One possible mechanism is that transient
ischemic attacks may only slowly create lesions, which are
not reported as a result of the apparent transience of symp-
toms, but that lead, over time, to vascular depression
and stroke.

Our study was limited in several ways. The lack of
imaging analysis or post-mortem examination precludes our
ability to confirm the definite vascular nature of depression,
although the age range and strong relationship to vascular
burden make this a reasonable assumption. Furthermore, we
are limited by a lack of data on the focal or diffuse nature of
the strokes observed, probable thrombotic or embolic na-
ture. A demonstration that vascular depression increases

Table 5. Binary Logistic Regression of Stroke Outcome Against

Baseline Variables

Block Variable b SE Wald df Sig

Odds

Ratio 95% CI

Cum.

R2 (Cox

& Snell)

(0) Constant �1.35 4.69 0.08 1 0.77 0.00

(1) Age at

admission, y �0.02 0.05 0.22 1 0.64 0.98 (0.89, 1.08) 0.03

Marital status* �0.14 0.72 0.04 1 0.85 0.87 (0.21, 3.56)

Level of

education, y 0.01 0.13 0.00 1 0.96 1.01 (0.78, 1.29)

Body mass

indexy �0.38 0.67 0.32 1 0.57 0.68 (0.18, 2.54)

High functioning

per MMSEz �0.89 0.87 1.04 1 0.31 0.41 (0.07, 2.26)

(2) Sex§ �1.23 0.83 2.18 1 0.14 0.29 (0.06, 1.50) 0.09

(3) No. of CVRFs 0.58 0.25 5.21 1 0.02 1.78 (1.09, 2.92) 0.24

(4) Depressed

per GDSjj 2.90 0.74 15.52 1 0.00 18.17 (4.30, 76.90) 0.36

Notes: Outcome coded as stroke occurred¼1. *Coded as married¼1; ycoded

as (body mass index . 25)¼ 1; zcoded as impaired functioning¼ 1 (MMSE ,

24); §coded as male¼1; jjcoded as depressed (GDS� 6)¼1. SE¼ standard error;

CI ¼ confidence interval; MMSE ¼ Mini-Mental State Examination; CVRF ¼
cardiovascular risk factor; GDS¼Geriatric Depression Scale.

Figure 1. Path analysis results for stroke occurrence.
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the likelihood of embolic strokes to a greater degree than
thrombotic strokes would further validate the role of long-
term cerebrovascular impairment in depression in el-
derly persons.

Finally, our study was relatively small and did not examine
young-old and old-old participants simultaneously. Although
it would be difficult to examine a large group including
comparable members of both categories, it would directly
demonstrate the dependence of this phenomenon on age.

Although depression does not have adequate predictive
power to be a stand-alone diagnostic indicator for increased
stroke risk, geriatricians dealing with depressed, elderly
patients would be well advised to investigate the possibility
of other stroke risk factors and to integrate therapeutic
interventions for depression and cardiovascular risk.

ACKNOWLEDGMENTS

The authors thank Mark Royer for his assistance in facilitating data
collection for this project.

Address correspondence to Peter A. Lichtenberg, PhD, Institute of
Gerontology, Wayne State University, 87 E. Ferry Street, Detroit, MI
48202. E-mail: p.lichtenberg@wayne.edu

REFERENCES

1. Kramer M, German P, Anthony J, Von Korff M, Skinner E. Patterns of
mental disorders among the elderly residents of eastern Baltimore. J Am
Geriatr Soc. 1985;33:236–245.

2. Rapp SR, Parisi SA, Walsh DA. Psychological dysfunction and physical
health among elderly medical inpatients. J Consult Clin Psychol. 1988;
56:851–855.

3. Alexopolous GS, Meyers BS, Young RC, et al. Clinically defined
vascular depression. Am J Psychiatry. 1997;154:562–565.

4. Yochim B, Mast BT, Lichtenberg PA. Cerebrovascular risk factors and
depressed mood in inner city older adults. Clinical Psychologist. 2003;
7:11–20.

5. Mast BT, MacNeill SE, Lichtenberg PA. Post-stroke and clinically
defined vascular depression in geriatric rehabilitation patients. Am J
Geriatr Psychiatry. 2004;12:84–92.

6. Thomas AJ, Ferrier IN, Kalaria RN, et al. A neuropathological study of
vascular factors in late-life depression. J Neurol Neurosurg Psychiatry.
2001;70:83–87.

7. Simpson SW, Jackson A, Baldwin RC, Burns A. Subcortical hyper-
intensities in late-life depression: acute response to treatment and
neuropsychological impairment. Int Psychogeriatr. 1997;9:257–275.

8. Steffens DC, Helms MJ, Krishnan KR, Burke GL. Cerebrovascular
disease and depressive symptoms in the Cardiovascular Health Study.
Stroke. 1999;30:2159–2166.

9. Everson SA, Roberts RE, Goldberg DE, Kaplan GA. Depressive
symptoms and increased risk of stroke mortality over a 29-year period.
Arch Intern Med. 1998;158:1133–1138.

10. Wassertheil-Smoller S, Applegate WB, Berge K, et al. Change in
depression as a precursor of cardiovascular events. Arch Intern Med.
1996;156:553–561.

11. Colantino A, Kasi SV, Ostfeld AM. Depressive symptoms and other
psychosocial factors as predictors of stroke in the elderly. Am J
Epidemiol. 1992;136:884–894.

12. Thomas C, Kelman HR, Kennedy GJ, Ahn C, Yang CY. Depressive
symptoms and mortality in elderly people. J Gerontol. 1992;47:S80–S87.

13. Lichtman JH, Krumholz HM, Wang Y, Redford MJ, Brass LM. Risk
and predictors of stroke after myocardial infarction among the elderly.
Circulation. 2002;105:1082–1087.

14. Hanks RA, Lichtenberg PA. Physical, psychological, and social
outcomes in geriatric rehabilitation patients. Arch Phys Med Rehab.
1996;77:783–792.

15. Sheikh JI, Yesavage JA. Geriatric Depression Scale (GDS): recent
evidence and development of a shorter version. Clinical Gerontologist.
1986;5:165–173.

16. Saliba D, Elliot M, Rubenstein LZ, et al. The vulnerable elders survey:
a tool for identifying vulnerable older people in the community. J Am
Geriatr Soc. 2001;49:1691–1699.

17. Lovett JK, Dennis MS, Sandercock PAG, et al. Very early risk of stroke
after a first transient ischemic attack. Stroke. 2003;34:E138–E142.

Received February 22, 2004
Accepted May 7, 2004
Decision Editor: John E. Morley, MB, BCh

919DEPRESSION AND CEREBROVASCULAR HEALTH

 at L
ibrary Periodicals on A

pril 20, 2015
http://biom

edgerontology.oxfordjournals.org/
D

ow
nloaded from

 

http://biomedgerontology.oxfordjournals.org/

