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Objective: Poststroke depression has
been linked to higher mortality after stroke.
However, the effect of other mental health
conditions on poststroke mortality has not
been examined. The objective of this study
was to evaluate the effect of poststroke de-
pression and other mental health diag-
noses on mortality after ischemic stroke.

Method: The authors examined a na-
tional cohort of veterans hospitalized after
an ischemic stroke at any U.S. Department
of Veterans Affairs (VA) medical center
from 1990 to 1998. Demographic, admis-
sion, and all-cause mortality data were ab-
stracted from VA administrative databases.
Chronic conditions present at discharge
and new poststroke depression and other
mental health diagnoses within 3 years af-
ter the stroke were identified with ICD-9
codes. Mortality hazard ratios were mod-
eled by using Cox regression models.

Results: A total of 51,119 patients hospi-
talized after an ischemic stroke who sur-
vived beyond 30 days afterward were

identified; 2,405 (5%) received a diagnosis
of depression, and 2,257 (4%) received
another mental health diagnosis within 3
years of their stroke. Patients with post-
stroke depression were younger, more of-
ten white, and less likely to be alive at the
end of the 3-year follow-up period. Both
poststroke depression (hazard ratio=1.13,
95% CI=1.06-1.21) and other mental
health diagnoses (hazard ratio=1.13, 95%
Cl=1.07-1.22) independently increased
the hazard for death even after other
chronic conditions were controlled.

Conclusions: Despite being younger and
having fewer chronic conditions, a higher
3-year mortality risk was seen in patients
with poststroke depression and other
mental health diagnoses after hospitaliza-
tion for an ischemic stroke. The biological
and psychosocial mechanisms driving this
greater risk should be further explored,
and the effect of depression treatment on
mortality after stroke should be tested.

(Am J Psychiatry 2004; 161:1090-1095)

Eststroke depression occurs in approximately one-
third of all ischemic stroke survivors and has been linked
to worse functional outcome, slower recovery, and worse
quality of life (1-3). Prior studies have also linked depres-
sion or depressive symptoms to increased mortality for up
to 10 years after a stroke, although many of these studies
are limited by selection bias, small sample size, and ab-
sence of a definitive depression diagnosis (4-8). Further,
depression may not exist in a vacuum after a stroke: other
mental health conditions may also be present, and few
studies have examined whether these diagnoses confer
additional mortality risk. Knowing which mental health
diagnoses are linked to higher poststroke mortality may
provide better mortality risk prediction and may encour-
age clinicians to identify and treat these conditions more
aggressively. The objective of this study was to evaluate the
effect of poststroke depression and other mental health
diagnoses on survival after hospitalization for ischemic
stroke in a national cohort of veterans.

Method

We used U.S. Department of Veterans Affairs (VA) administra-
tive databases to construct a national cohort of patients dis-
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charged from any VA medical center with a primary diagnosis of
ischemic stroke, defined as ICD-9 codes 434 and 436 in the pri-
mary position. This strategy has at least 90% positive predictive
value for identifying cases of acute ischemic stroke (9). Patients
were eligible for inclusion in the database if they were discharged
between October 1, 1990, and September 30, 1997. Patients hospi-
talized at VA medical centers in Puerto Rico and the U.S. Virgin Is-
lands were excluded. For veterans with more than one admission
for stroke, the first admission was considered the index event.
Since DSM-IV requires depressive symptoms to be present for at
least 2 weeks, we excluded stroke patients who died within 30 days
of their index stroke event from this study to ensure the depression
diagnosis was received poststroke (N=4,974 excluded).

From the centralized VA administrative data center we ex-
tracted demographic characteristics and summary information
about episodes of inpatient care, including up to 10 ICD-9-CM di-
agnosis codes at discharge from the index hospitalization. We
used these discharge diagnoses to construct the Charlson Index, a
well-validated comorbidity index that is predictive of subsequent
mortality (10, 11).

We used ICD-9 codes associated with episodes of care within 3
years poststroke to divide patients into three nonoverlapping
groups: 1) those with poststroke depression, 2) those with a men-
tal disorder or substance abuse diagnosis other than depression,
and 3) those with no poststroke psychopathology. Patients diag-
nosed with depression comorbid with another mental disorder or
substance abuse diagnosis were classified in the depressive
group. Diagnosis of depression in the first 3 years poststroke was
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TABLE 1. Demographic and Clinical Characteristics of a National Cohort of Veterans Hospitalized Following an Ischemic

Stroke, by Poststroke Psychopathology?

Poststroke Psychopathology Group

Patients With

Patients With Other
Mental Disorder

Patients With No Mental
Disorder or Substance

Depression Diagnoses Abuse Diagnoses

Characteristic (N=2,405) (N=2,257) (N=46,457) Analysis

Mean SD Mean SD Mean SD F p
Age (years) 64.48 11.08 64.15 10.29 67.36 9.97 188.88 <0.01
Length of stay (log transformed days) 2.54 0.92 2.48 0.91 2.55 0.95 5.08 0.006

N % N % N % x2 (df=2) p

Nonwhite race 494 20.5 688 30.5 14,346 30.9 115.60 <0.01
Male gender 2,352 97.8 2,217 98.2 45,651 98.3 291
Alive at 3-year follow-up evaluation 1,420 59.0 1,324 58.7 29,556 63.6 41.36 <0.01
Charlson Index >2 121 5.0 118 5.2 2,724 5.9 4.30
Hypertension 1,565 65.1 1,400 62.0 28,287 60.9 17.64 <0.01
Hyperlipidemia 283 11.8 185 8.2 4,323 9.3 20.16 <0.01
Diabetes 880 36.6 558 24.7 13,629 293 83.52 <0.01
Coronary artery disease 629 26.2 492 21.8 9,274 20.0 57.23 <0.01
Myocardial infarct 46 1.9 43 1.9 1,079 2.3 3.25
Congestive heart failure 213 8.9 212 9.4 3,917 8.4 2.99
Atrial fibrillation 224 9.3 183 8.1 4,603 9.9 8.57 <0.05

a Patients who died within the first 30 days poststroke were excluded from these analyses.

defined using ICD-9 codes 296, 298, 300.4, 309.0, 309.1, and 311.
Patients with a depression ICD-9 code at index hospitalization
discharge were not classified in the poststroke depression group,
since these patients may have had a preexisting depression diag-
nosis that may or may not have been clinically symptomatic at
the time of their stroke. Other mental health diagnoses were iden-
tified using ICD-9 codes for schizophrenia, major affective disor-
der other than depression, anxiety disorders, personality disor-
ders, and substance abuse and dependence (list of ICD-9 codes
available on request).

One potential variable of interest that may influence both the
development of poststroke depression and mortality is severity of
stroke. Since the national Veterans Health Administration data-
base did not include any indicator of stroke severity, we reviewed
charts of all ischemic stroke patients at our local VA medical cen-
ter who were also in the national dataset. We matched each of the
local patients with an ICD-9 diagnosis of poststroke depression
with one local patient with another mental disorder or substance
abuse diagnosis and up to three local patients with no poststroke
psychopathology. All comparison patients were matched for pa-
tient age and year of stroke. We then used a previously published
algorithm to abstract the written admission notes and construct a
retrospective National Institutes of Health (NIH) Stroke Scale
(12). We used this local subset of the national database to exam-
ine the effect of admission stroke severity on poststroke mortality.

Date of death was identified through the Beneficiary Informa-
tion and Resource Locator, which does not contain information
regarding the cause of death. No pharmacy data were available
during the study period. Data were merged by using scrambled
social security numbers and date of discharge from the index
stroke admission to construct patient-level data files. This project
was approved by the local institutional review board.

We compared the groups of patients with poststroke depres-
sion, other mental disorder or substance abuse diagnoses, and no
poststroke psychopathology by using analysis of variance. To ex-
amine time to death, defined as the number of days between dis-
charge from the index admission and death, we developed Cox
proportional hazards models. The following independent vari-
ables were included: age, gender, ethnicity (white versus non-
white), hypertension, diabetes, coronary artery disease, conges-
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tive heart failure, hyperlipidemia, atrial fibrillation, number of
discharge diagnoses, Charlson Index >2 (dichotomous), presence
of depression (yes/no), and presence of other mental health or
substance abuse diagnosis (yes/no). To evaluate the possibility of
a cohort effect, we also examined models including a variable for
year of index admission. Since including this variable did not alter
hazard ratios or confidence intervals by more than 0.005, the
models presented do not include year of index admission as an
independent variable.

Results

We identified 51,119 patients hospitalized following an
ischemic stroke who survived beyond 30 days afterward,
of whom 2,405 (4.7%) received an ICD-9 diagnosis of de-
pression and 2,257 (4.4%) received other mental disorder
or substance abuse diagnoses within 3 years of their index
admission (Table 1). Relative to those with no poststroke
psychopathology, those with poststroke depression were
younger and were less likely to be alive at the end of the
follow-up period. Patients diagnosed with poststroke de-
pression were more likely to be white relative to those with
other mental disorder or substance abuse diagnoses and
the no poststroke psychopathology group. The other men-
tal disorder or substance abuse diagnosis cohort consisted
of 1,369 veterans with substance abuse, 785 with anxiety
disorders, 264 with schizophrenia, 207 with personality
disorders, and 136 with other affective disorders. The raw
numbers sum to more than 2,257 because some veterans
had more than one mental disorder or substance abuse
diagnosis.

In the local dataset, we identified 55 patients with post-
stroke depression and matched these with 47 patients
with other mental disorder or substance abuse diagnoses
subjects and 95 patients with no poststroke psychopathol-
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TABLE 2. Demographic and Clinical Characteristics of a Local Cohort of Veterans Hospitalized Following an Ischemic

Stroke, by Poststroke Psychopathology?

Poststroke Psychopathology Group

Patients With Depression

Patients With No Mental
Disorder or Substance Abuse

Patients With Other Mental
Disorder or Substance Abuse

Characteristic (N=55) Diagnoses (N=47) Diagnoses (N=95)
Mean SD Mean SD Mean SD
Age (years) 62.54 10.93 62.64 11.29 64.46 8.08
NIH Stroke Scale score 6.88 5.43 4.57 2.66 6.52 4.39
Length of stay (log transformed days) 2.48 1.01 2.77 1.09 2.46 0.92

N % N % N %
Nonwhite race 14 25.5 15 31.9 26 27.4
Male gender 54 98.2 47 100.0 94 98.9
Alive at 3-year follow-up evaluation 38 69.1 32 68.1 59 62.1
Charlson Index >2 4 7.3 4 8.5 6 6.3
Hypertension 37 67.3 32 68.1 59 62.1
Hyperlipidemia 4 7.3 4 8.5 7 7.4
Diabetes 26 47.3 11 23.4 39 411
Coronary artery disease 15 27.3 13 27.7 27 28.4
Myocardial infarct 3 5.5 0 0.0 4 4.2
Congestive heart failure 3 5.5 2 43 12 12.6
Atrial fibrillation 3 5.5 4 8.5 8 8.4

2 No statistically significant differences were observed among groups. Patients who died within the first 30 days poststroke were excluded from

these analyses.

TABLE 3. Adjusted Mortality Hazard Ratios for Time to
Death in a National Cohort of Veterans Hospitalized
Following an Ischemic Stroke?

Hazard

Variable Ratio 95% ClI
Depression 1.13 1.06-1.21%*
Other mental disorder or substance

abuse diagnosis 113 1.07-1.22%*
Age 1.04 1.04-1.05%*
White race 1.07 1.04-1.11%*
Male gender 1.42 1.26-1.62%*
Charlson Index >2 1.68 1.60-1.78%*
Hypertension 0.90 0.87-0.93*
Hyperlipidemia 0.68 0.65-0.74%*
Diabetes 1.25 1.21-1.29%*
Coronary artery disease 1.08 1.04-1.11%*
Myocardial infarct 1.50 1.38-1.62*%*
Congestive heart failure 1.59 1.52-1.66%*
Atrial fibrillation 1.25 1.19-1.30%*

2 Time to death was defined as the number of days between index
hospitalization discharge and death. Patients who died within the
first 30 days poststroke were excluded.

*p<0.05. **p<0.01.

ogy (Table 2). Admission NIH Stroke Scale severity was not
significantly different in patients with poststroke depres-
sion and those with no poststroke psychopathology (me-
dian admission ratings of 5 and 6, respectively). In a multi-
variate analysis of the local database, admission NIH
Stroke Scale severity was not related to subsequent 3-year
mortality (median NIH Stroke Scale admission ratings of 5
and 4 for those alive after 3 years versus those who died
within 3 years, respectively).

Hazard ratios for time to death are shown in Table 3.
Even when we controlled for specific cardiovascular risk
factors with ICD-9 diagnoses and overall mortality risk
with the Charlson Index, poststroke depression indepen-

1092 http.//ajp.psychiatryonline.org

dently increased the risk of death by 13%. It is important to
note that the presence of other mental disorder or sub-
stance abuse diagnoses also independently conferred
mortality risk of similar magnitude. Figure 1 shows the
survival curve for patients with poststroke depression and
patients with no poststroke psychopathology.

Discussion

This study confirms prior reports of increased long-
term mortality in patients with poststroke depression and
extends this finding to show that other mental health con-
ditions are also independently associated with an in-
creased risk of death after an ischemic stroke. We found
that even after we controlled for common cardiovascular
conditions and other diagnoses, mental health diagnoses
in the first 3 years after stroke increase the risk of death by
more than 10%. In spite of the fact that patients with post-
stroke depression were younger and had fewer chronic ill-
nesses than nondepressed patients, we found that the
mortality risk was still higher in those with poststroke de-
pression and other mental health diagnoses. These data
speak to the seriousness of poststroke mental health diag-
noses, since the presence of a mental health condition
confers as much risk for subsequent mortality as many
other cardiovascular risk factors.

Although the national database did not contain data
about stroke severity, we constructed a local database in
order to be able to assess, albeit on a much smaller and
more homogeneous sample, whether admission stroke se-
verity was related to the development of poststroke de-
pression and to mortality after hospital discharge. In our
sample, the admission NIH Stroke Scale score was similar
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between groups with and without poststroke depression,
and admission NIH Stroke Scale score was not predictive
of subsequent mortality. While it is clear that admission
stroke severity is related to early stroke mortality (13, 14),
the purpose of this project was to examine the effect of
poststroke depression, an outpatient diagnosis typically
made weeks to months after a stroke, on long-term mor-
tality. Patients dying within 1 month after a stroke were ex-
cluded from these analyses. Thus, the absence of a stroke
severity indicator in the national administrative data set is
unlikely to influence our long-term mortality models.

No studies have previously examined the impact of
other mental health and substance abuse conditions on
poststroke mortality. It may be that the mechanisms by
which depression increases poststroke mortality risk are
common to many mental disorders rather than unique to
depression. Many of the disorders in the other mental dis-
order or substance abuse diagnosis group would be ex-
pected to predate the stroke rather than be a consequence
of stroke. Potential biologic and social mechanisms by
which this increased mortality risk may be incurred in-
clude psychoneurological impairments in immune func-
tioning (15, 16), functional and cognitive disability (17,
18), unemployment (19-21), lack of exercise (22, 23), poor
nutrition (24), life stress (25), and low levels of social sup-
port (26-29) and coping resources (30-32).

Other studies have also reported the association be-
tween depression or depressive symptoms and mortality
after stroke (4-8). Morris and colleagues (4) reported a
threefold increase in mortality during a 10-year follow-up
study of a selected group of approximately 200 subjects,
but this study had limited power to examine the influence
of other chronic conditions on mortality. More recently,
other research (5, 8) has pointed to a link between depres-
sive symptoms and negative attitudes and mortality after
stroke. Like these more recent studies, our data suggest
that the association between depression and mortality af-
ter stroke is somewhat smaller than that first reported by
Morris and colleagues. Studies using a continuous mea-
sure of depression symptoms, like that by House and col-
leagues (5), suggest that severity of depression symptoms,
and perhaps specific symptoms of psychological distress
and negative thoughts, may be associated with increased
mortality risk. Since we had only a dichotomous diagnosis
of depression, we were not able to assess the association
between depression severity or specific depression symp-
toms and poststroke mortality.

The relationship between depression and increased risk
of mortality has also been seen in other conditions, espe-
cially after cardiovascular disease (33-36). The mecha-
nisms by which depression may be increasing mortality
risk in these conditions is not known, although both phys-
iologic (16, 17, 37) and biopsychosocial (19-33, 38-40) as-
sociations have been suggested. Future work should focus
on both the physiologic and psychosocial mechanisms by
which mental health conditions may confer excess mor-
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FIGURE 1. Cumulative Hazard of Death Over Time in Patients
With and Without Depression From a National Cohort of
Veterans Hospitalized Following an Ischemic Stroke?
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a Patients who died within the first 30 days poststroke were ex-
cluded. Veterans with 1CD-9 diagnoses of depression within 3 years
poststroke had an increased hazard of death relative to those with-
out depression or other mental health diagnosis; this increased risk
of death appeared early and became more pronounced over time.

tality risk so that effective interventions can be developed
and tested to reduce poststroke mortality.

This study has several limitations. We used administra-
tive data and thus had limited clinical severity indicators
and had to use ICD-9 diagnoses to identify clinical condi-
tions. This likely resulted in an underdiagnosis of depres-
sion and other mental disorder or substance abuse diag-
noses. It is possible that more severely affected patients
are more likely to receive an ICD-9 diagnosis of depres-
sion, thus these results may pertain only to patients with
more severe depression. Likewise, we are unable to exam-
ine possible behavioral and biologic links between depres-
sion and increased stroke mortality like sedentary lifestyle
and increased inflammation and platelet adhesion. We
recognized that stroke severity might be an important me-
diating variable and so evaluated it in a local subset of the
national dataset. Although stroke severity was not a pre-
dictor of mortality in this analysis, it is possible that the
smaller number of deaths in this dataset limited our power
to examine the effect of initial stroke severity on long-term
mortality. It is possible that sicker patients have greater uti-
lization of health care and thus have more opportunity for
a depression diagnosis (ascertainment bias), but in our
study poststroke depression and other mental disorder or
substance abuse diagnoses were not independently predic-
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tive of inpatient utilization poststroke (data not shown).
The possibility of residual confounding between unmea-
sured physical, mental, and social factors is always present
in analyses of large administrative databases. However,
our findings do correspond to other literature on depres-
sion and mortality after stroke, including prospective
studies with more sensitive measures of depression. Fi-
nally, although our cohort contained more than 1,000
women stroke survivors, the Veterans Health Administra-
tion is a unique sample of mostly chronically ill, socioeco-
nomically disadvantaged men. Further studies are needed
to examine whether these relationships are also observed
in other more heterogeneous populations.

Despite these limitations, these data show that both
poststroke depression and other mental health diagnoses
are associated with increased mortality risk after stroke.
While the precise mechanisms underlying these associa-
tions are not known, these findings have important impli-
cations for stroke research and for clinical care. Research-
ers evaluating mortality after stroke should consider
including depression and other mental health diagnoses
in multivariate models of long-term stroke mortality. Cli-
nicians treating stroke patients should be alert to the diag-
nosis and treatment of both depression and other mental
health diagnoses. Whether treating poststroke depression
and other mental health conditions not only improves pa-
tient symptoms but also reduces subsequent mortality
risk remains an important, unanswered question.
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