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To better identify stroke survivors at risk for depression whomay benefit from early prevention through targeted strategies in
the acute-subacute poststroke period, we examined 118 FraminghamHeart Study stroke survivors with longitudinal prestroke
depression assessments. Among those who developed poststroke depression, most lacked a history of depressive symptoms
5 years prior to their stroke. Sex (female), advanced age, and prestroke factors (smoking and functional dependence) were
associated with new-onset depression poststroke. These findings suggest fully characterizing and accounting for prestroke
factors, including psychosocial and behavioral determinants, may inform the predictive modeling needed to determine
whether targeted preventive trials early in stroke recovery will improve stroke outcomes.
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Poststroke depression has been increasingly recognized as
one of the most important consequences of stroke, as de-
pression is common and often recurrent,1–3 associated with
poor outcomes,4 costly,5,6 and difficult to treat given cur-
rently available treatments.7 The impact of poststroke de-
pression is perhapsmost pronounced as a barrier to recovery
of functional status,8 independence,9 and long term survival
after hospital discharge.10–12 Although antidepressants are
now more frequently prescribed after stroke, there has
been no clear decrease in the prevalence of poststroke
depression.2,7 Because the effectiveness of antidepressants
and other interventions treating and resolving poststroke
depression appear limited, prevention has gained much
more interest. Accumulating evidence suggests that long
term reductions in depressive symptoms are best achieved
through targeting individuals prior to the onset of their
symptoms, rather than after the disorder emerges.13 How-
ever, to determine whether early treatments such as anti-
depressants can prevent stroke-related depression, it is
critical to predict which patients are most likely to develop
poststroke depression at the time of stroke. We undertook
this study to better identify these patients of higher
susceptibility.

In order to prevent cases of poststroke depression by
identifying patients before the onset of depression, there is a
need to understand new-onset depression poststroke and the
prestroke risk factors that predict its development. New-
onset depression poststroke is a distinct and important case
of poststroke depression, as it may help clarify the influence

of risk factors for depression unique to stroke. Using the
combination of prestroke factors and cases of new-onset
depression poststroke may help identify those cases where
an early empiric antidepressant after stroke or a behavioral
intervention may prevent the development of poststroke
depression.14 Candidate risk and protective factors linked to
poststroke depression have been proposed, though extant
studies are limited in three primary ways. First, prior studies
are typically confined to clinical and convenience samples
where information about prestroke factors is often limited.
Second, previous research has largely focused on poststroke
predictors [for examples, see1,4] rather than on risk fac-
tors present prior to the stroke. Third, studies examining
prestroke measures (including depressive symptoms) do so
in a retrospective manner, which is less reliable than pro-
spective ascertainment. Thus, to better identify stroke survi-
vors at risk for depression who may benefit from a targeted
prevention strategy in the acute to subacute poststroke
period, we examined whether prestroke factors were asso-
ciated with the risk for developing new-onset depression
poststroke.

METHODS

Study Sample
We analyzed data from respondents in the Framingham
Heart Study (FHS), one of the longest running and most
closely monitored observational community-based cohorts
in the United States. (For additional details about FHS, see
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prior publications.15) We focused on a subset of 832 partic-
ipants from the Original and Offspring cohorts who expe-
rienced a first stroke between 1981 and 2003 and had
information specifically regarding depressive symptoms or
antidepressant medication use within 5 years before and
after their incident stroke (Figure 1). Prestroke risk factors
were obtained from the most recent examination within the
5-year period preceding incident stroke. Written informed
consent was obtained from all participants. The Institutional
Review Board of Boston University Medical Center ap-
proved the consent form and original study design.

Measures
Stroke assessment. Full details regarding the FHS stroke
surveillance protocol, including diagnosis, classification, and
assessment of severity have been published previously.16

We examined three features of adjudicated incident

strokes: type, severity, and laterality. Hemor-
rhagic strokes were a minority of incident
strokes, including subarachnoid hemorrhage.
Ischemic or hemorrhagic stroke severity was
classified by the neurological deficits found
on examination during the acute presentation
of stroke and was further classified into four
categories: none (no deficit), mild (deficit
present in visual, motor, sensory, or language
domains, but without functional impair-
ment), moderate (deficit requiring assistance
in one of the domains mentioned above), and
severe (deficit requiring assistance in at least
two domains). Stroke laterality was classified
as either right or left cerebral hemispheric
involvement. Additional information regard-
ing stroke size and neuroanatomic location
were not available in this cohort. All partici-
pants analyzed survived at least 3 months
after stroke for a first poststroke visit.

Poststroke depression. Consistent with prior
studies,11,17–19 we defined depression using
two data sources. The first was using the
Center for Epidemiologic Studies Depression
Scale (CES-D), a 20-item screening tool
capturing levels of depressive symptoms.20

Participants were asked to report how often
in the past week they experienced each
symptom; response options ranged from 0,
“rarely or none of the time (less than 1 day),”
to 3, “most or all of the time (5–7 days).”Total
CES-D scores ranged from 0 to 60, with
higher scores reflecting greater depressive
symptoms. Consistent with CES-D guide-
lines20 and following other studies,21 we used
total scores greater than or equal to 16 to in-
dicate high depressive symptomatology. Al-
though not a diagnostic tool, this cutoff has

been shown in prior studies of stroke patients to distinguish
those with and without a DSM-IV diagnosis of major de-
pressive disorder (sensitivity=.75; specificity=.88).21

The second data source was initiation of antidepressant
medication. Participants were asked to bring all current
medications in their original pill bottles to follow-up clinic
visits where staff would record all label information, in-
cluding names of medications used regularly (more than
2 weeks), dose, and duration of use (used by FHS to deter-
mine initiation of “treatment for depression”). Medications
classified as antidepressants were selective serotonin reup-
take inhibitors, monoamine oxidase inhibitors, tricyclics,
and modified cyclic agents. These antidepressants are often
prescribed to treat depression, though they are also used to
treat other psychiatric disorders that can co-occur with
depression (e.g. generalized anxiety) and can be used to treat
other conditions such as migraine.

FIGURE 1. Flow of Participants Through Derivation of the Analytic Group.

Enrollment: Participants enrolled in 
the Original (n=5209) and 

Off spring cohorts (n=5124)

Incident Stroke: 832 stroke-free 
participants who developed incident 

stroke during follow-up 
(years 1981 to 2003)

Stroke Survivor: 
615 with non-fatal stroke

Attended Recent Prestroke Exam: 
350 attended an exam 
5 years before stroke

Poststroke Depression 
Information Available: 261 with 
depression information available 

5 years after stroke

Prestroke Depression 
Information Available: 118 with 

depression information available 5 
years before stroke

Prestroke Depression: 
24 with depression within 

5 years before stroke

Without Prestroke Depression: 
94 without depression within 

5 years before stroke

217 with death within 
three months after stroke

265 who did not attend 
an exam 

5 years before stroke

 89 without depression 
information available 
5 years after stroke

143 without depression 
information available 
5 years before stroke
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Using these two data sources, we defined prestroke de-
pression as the presence of either high CES-D scores or an-
tidepressant medication use in the 5-year period before
incident stroke and poststroke depression as the presence
of either high CES-D scores or antidepressant medication use
in the 5-year period after incident stroke. Those without
prestroke depression who went on to develop poststroke de-
pression were defined as new-onset depression cases. By de-
fining “depression” cases based on both the CES-D and
antidepressant medication use, we were able to minimize the
proportion of potential false negative cases and obtain a rea-
sonable proxy for experiences of depression.

Although first onset of depression can occur throughout
the life course with higher risk in early adulthood, our case
definition using these measures serves as the best available
proxy for a diagnosis of depression in absence of the diag-
nostic gold standard (i.e. a psychiatrist-administered semi-
structured clinical interview using the criteria set forth by
DSM-IV). Since depression can be recurrent, measuring de-
pressive symptoms within the 5 years prior to stroke is likely
a large enough time period to capture those with more
chronic depression.

Exposures. We examined candidate risk factors in four do-
mains, selected based on prior associations with poststroke
depression,4 and assessed at the most recent examination
within 5 years prior to stroke onset. Demographic factors: sex,
age (continuous), and education (college degree). Health be-
havior: smoking status (smoked cigarettes regularly in last
year? 0=no; 1=yes).4,22 Clinical factors, assessed through
physical exams, medical records, and diagnostic studies, were
stroke laterality and severity in addition to prestroke prevalent
cardiovascular disease, systolic blood pressure, diabetes, body
mass index (BMI), and total serum cholesterol.4 Functional
capacity: dependence in bathing, transferring,23 and walking a
half mile24 (dichotomized as either dependent [0=no, unable
to do independently; 2=yes, but with human assistance] or
independent [1=yes, able to do independently]).4

Statistical analysis. We conducted univariate analyses to
describe the distribution of all study variables in this sample.
We then ran bivariate analyses to examine the differences
between those with and without prestroke depression using
either Wilcoxon Rank Sum (two groups) or Kruskal-Wallis
(N groups) tests for nonparametric variables, and t-test (two
groups) or one-way analysis of variance (N groups) for
normally distributed variables. Fisher’s exact test or the
chi-square test was used for categorical variables. Given the
number of bivariate comparisons conducted, statistical
significance for bivariate analyses was set to a two-sided
a#.003 after Bonferroni correction. We then used multi-
ple logistic regression to examine the associations between
each predictor and new-onset depression poststroke.
Models were adjusted for age, sex, and time from prestroke
exam to stroke in order to adequately maximize stability
of each model for the available sample size. Statistical

significance for regression analysis was set at a two-sided
a#.05. All analyses were conducted in SAS version 9.3 (SAS
Institute, Inc., Cary, NC).

RESULTS

Among the participants for whom prestroke assessment of
depressive symptoms was available within 5 years before and
after stroke, 94/118 (80%) did not have recent history of de-
pressive symptoms before stroke. The mean (SD) times from
prestroke CES-D assessment to stroke and from stroke to
poststroke CES-D were 2.1 (1.4) years and 1.9 (1.3) years, re-
spectively. The mean (SD) times from prestroke medication
inventory to stroke and from stroke to poststroke medication
inventory were 1.9 (1.5) years and 2.2 (1.4) years, respectively.
There were no significant differences between participants
who did not have depression information available within
5 years after stroke compared with those that did. Poststroke
depression of any type (i.e. including those with previous
history of depression) was present in 49/118 (42%) where
11 were on antidepressant medication and had CES-D$16,
28 were not on antidepressant medication but had a
CES-D$16, and 10 were on antidepressant medication and
had CES-D,16. Of these cases, a majority (34/49, 69%) did not
have recent history of depressive symptoms 5 years prior to
stroke and thuswere classified as having new-onset depression
poststroke. Among the 34 participants with new-onset
poststroke depression, nine were on antidepressant medi-
cation and had CES-D$16, 18 were not on antidepressant
medication but had CES-D$16, and seven were on antide-
pressantmedication and had CES-D,16). At-risk participants
in the primary analytic sample who developed new-onset
depression after stroke (34/94, 36%), compared with those
who did not, were more likely to be older, women, current
smokers, and dependent in activities of daily living (Table 1).

The odds of developing new-onset depression poststroke
was 1.08 greater for each 1-year difference in age at the time
of stroke (95% CI, 1.02–1.15; df=1; p=.009) (Table 2). Con-
trolling for age only, women had a 3.30-fold increase in the
odds of experiencing new-onset depression poststroke com-
pared with men (95% CI, 1.30–8.37; df=2; p=.012). After con-
trolling for age, sex, and time from prestroke assessment to
date of incident stroke, we found that smokers had 8.87 times
the odds of developing new-onset depression poststroke
compared with nonsmokers (95% CI, 1.19–66.11; df=3; p=.033)
and dependent bathing prior to stroke onset had an OR of 4.65
(95% CI, 1.00–21.69; df=3; p=.050).

In post hoc sensitivity analyses, we defined new-onset
poststroke depression cases solely by CES-D$16 (i.e. the
seven participants that were on antidepressant medication
and had CES-D,16 were no longer classified as cases). Ad-
vanced age (OR 1.15; 95% CI, 1.06–1.24; df=3; p=.001) and
prestroke smoking (OR 13.95; 95% CI, 1.60–121.39; df=3;
p=.017) remained associated. Odds of developing new-onset
depression poststroke was 1.15 greater for each one-point
difference in BMI (95% CI, 1.01–1.31; df=3; p=.041) (Table 3).
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We also examined the association between sex and new-
onset poststroke depression in one model additionally ad-
justed for age and smoking and a second model additionally
adjusted for age and dependent bathing. Adjustment for
smoking had a minor impact on effect with a change in OR
from 3.30 (95% CI, 1.30–8.37; df=4; p=.012) to 2.99 (95% CI,
1.10–8.05; df=4; p=.032). Adjustment for dependent bathing,
reduced the OR to 2.36 (95% CI, 0.84–6.65; p=.104). The

overall effect of dependent bathing in women (N=48) was
a 9.82-fold increase in the odds of developing new-onset
poststroke depression (95% CI, 1.24–77.51; df=4; p=.030).

DISCUSSION

Our study demonstrated that among those who developed
poststroke depression, the majority did not have depression

5 years prior to their stroke (34/49, 69%);
however, the risk of poststroke depression
is still higher in those with prestroke de-
pression (15/24, 63%) than in those with no
prestroke depression (34/94, 36%). We
found that women, older adults, smokers,
and those with some dependence in activi-
ties of daily living at the time of stroke were
more likely to develop a first episode of
depression poststroke. The results of post
hoc sensitivity analyses add confidence to
identified associations with advanced age and
smoking and suggest that women may be
more likely to become depressed poststroke
if they have functional impairment before the
stroke.

Prior studies in mostly hospital- and
rehabilitation-based registries have identified
advanced age3,4 at the time of stroke as as-
sociated with poststroke depression. Consis-
tent with the established association between
women and risk of depression, our findings

TABLE 1. Baseline Characteristics of 94 Respondents With Incident Stroke, Depressive Information Available 5 Years Before and After
Stroke, and Absence of Prestroke Depressiona

Characteristic Total Cohort
Absence of Poststroke

Depression
Poststroke
Depression p value

Total no. 94 60 34
Age at time of stroke, mean6SD, years 78.169.4 76.169.4 81.668.4 .005
Women 48 (51) 24 (40) 24 (71) .004
College degree 25 (27) 18 (31) 7 (21) NS
Current smoker 8 (9) 2 (3) 6 (18) .024
BMI, median [Q1, Q3], kg/m2 26.7 [24.2, 30.3] 26.4 [24.1,30.1] 27.7 [24.9,32.1] NS
Cardiovascular disease 29 (31) 17 (28) 12 (35) NS
Diabetes mellitus 19 (25) 15 (27) 4 (18) NS
SBP, mean6SD, mmHg 144.162.2 142.562.2 146.962.3 NS
Total cholesterol, mean6SD, mg/dL 196.764.2 193.764.1 202.864.4 NS
Dependent bathing 13 (14) 3 (5) 10 (29) .002
Dependent transferring 12 (13) 4 (7) 8 (24) .026
Dependent ambulation for half mile 23 (25) 10 (17) 13 (39) .017
Stroke severity NS
No deficit 8 (8) 7 (12) 1 (3)
Mild 58 (62) 38 (63) 20 (59)
Moderate 18 (19) 11 (18) 7 (21)
Severe 10 (11) 4 (7) 6 (18)

Stroke type
Ischemic 86 (91) 53 (88) 33 (97) NS

Stroke laterality NS
Left 43 (49) 27 (49) 16 (48)
Right 45 (51) 28 (51) 17 (52)

a Abbreviations: BMI, body mass index; SBP, systolic blood pressure; SD, standard deviation; Q1, first quartile; Q3, third quartile.

TABLE 2. Association Between Prestroke Risk Factors and 5-Year New-Onset
Depression Poststroke

Individual Models

34/94 (Cases/N)

p valueOdds Ratio (95% CI)

Demographic factors
Age at stroke 1.08 (1.02–1.15) .009
Womena 3.30 (1.30–8.37) .012
College degreeb 1.17 (.37–3.73) NS
Prestroke risk factorsc

Cardiovascular disease 1.74 (.58–5.26) NS
Systolic blood pressure 1.10 (.87–1.39) NS
Total cholesterol 1.10 (.95–1.27) NS
Diabetes mellitus .51 (.14–1.88) NS
Current smoking 8.87 (1.19–66.11) .033
Body mass index 1.08 (.96–1.20) NS
Dependent bathing 4.65 (1.00–21.69) .050
Dependent transferring 2.30 (.55–9.66) NS
Dependent ambulation for half mile 1.40 (.44–4.45) NS
Stroke severity 1.35 (.73–2.47) NS
Stroke location (left versus right) .83 (.32–2.18) NS

a Adjusted for age.
b Adjusted for age and sex.
c Models additionally adjusted for time from prestroke risk factor measurement to date of stroke.
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suggest women are at higher odds of new-onset depression
poststroke. This finding, however, is at odds with prior
studies of poststroke depression, which have shown either
no differences in risk by sex, or higher risk amongmen.25,26

Moreover, the greater odds of new-onset depression post-
stroke among smokers may be explained by the proposed
pathophysiologic models for poststroke depression from
previous associations implicating chronic inflammatory
cytokines and poststroke neuroinflammatory response27 as
well as impaired endothelial function28 and changes in
vascular perfusion.22 This finding differs from one previous
study that did not detect an association with smoking
status29 though may be supported by the association with
obesity in post hoc sensitivity analysis. The absence of
associations with cardiovascular disease, hypertension, and
diabetes mellitus may be related to either small effect sizes
or a more direct pathophysiologic role of white matter mi-
crostructural damage, which has been more specifically as-
sociated with apathy as a contributing factor in the
development of poststroke depression.30 The association
with poststroke impairments in activities of daily living has
been demonstrated,1 though our results indicate that pre-
stroke functional status may also be an important factor to
consider as it implies a potential relationship between
greater cumulative years of functional disability and new-
onset depression poststroke.

In our prospective study of participants followed at
least 5 years prior to their stroke, the occurrence of
poststroke depression and new-onset depression post-
stroke (42% and 29%, respectively) parallels previous
poststroke depression estimates of about 33% in the first 3
months after stroke and suggests that the actual incidence

of new-onset depression poststroke is greater
than 30%.1,2,7 Clinical and convenience sam-
ples have reported more disparate incidence
and prevalence estimates for poststroke de-
pression. However, while the burden of
poststroke depression has wide variation in
its estimates, precise estimates of new-onset
depression poststroke are even more chal-
lenging to discern.6,31 We suspect wider
estimates from other studies may reflect
selection bias (by including only the most
disabled or least disabled stroke survivors),
particularly in rehabilitation-based stud-
ies.32 This is likely due to inherent clinical
challenges in detecting poststroke depres-
sion, known classification challenges in
measuring psychiatric symptoms using ret-
rospective reports, and the ability to distin-
guish new-onset depression poststroke from
relapse of longstanding major depressive
disorder.5 Our study overcomes this limita-
tion by using a prospective cohort with min-
imal loss to follow-up, which also made it
possible to uncover that 69% of poststroke

depression occurred in those without a recent history of
depressive symptoms before stroke.

Strengths of this study include its longitudinal design,
large incident stroke sample, and the close surveillance of
clinical end points with minimal loss to follow-up. Results,
however, need to be interpreted in the context of limita-
tions. First, we were unable to account for the potential
effects of additional factors, such as family history of de-
pression or stroke heterogeneity in size, etiology, and
neuroanatomical involvement. Second, generalizability of
results may be limited, given that these analyses were
conducted in a sample of largely European ancestry.
Third, an even larger study of stroke survivors who were
free from stroke and depression at baseline may generate
more precise effect estimates, especially when there is
potential for nondifferential misclassification from a ten-
dency to underdiagnose poststroke depression.5 The FHS
mitigates some of these effects with its frequency of
assessments.

CONCLUSIONS

Poststroke depression is common, particularly among those
without a recent history of depressive symptoms prior to the
stroke. Our results demonstrate that prestroke characteris-
tics are associated with increased risk for a new episode of
depression following stroke. Given that poststroke de-
pression is linked with substantial morbidity and is resistant
to treatment once it develops, these factors may help identify
patients early in the course of stroke recovery who are at risk
for depression as a crucial first step to design and test
strategies to prevent poststroke depression.

TABLE 3. Association Between Prestroke Risk Factors and 5-Year New-Onset
Depression Poststroke Defined by Center for Epidemiologic Studies Depression
Scale

Individual Models

27/94 (Cases/N)

p valueOdds Ratio (95% CI)

Demographic factors
Age at stroke 1.15 (1.06–1.24) .001
Womena 2.61 (.94–7.27) NS
College degreeb 1.22 (.33–4.47) NS
Prestroke risk factorsc

Cardiovascular disease 1.27 (.42–3.89) NS
Systolic blood pressure 1.10 (.86–1.41) NS
Total cholesterol 1.09 (.93–1.27) NS
Diabetes mellitus 1.01 (.26–3.92) NS
Current smoking 13.95 (1.60–121.39) .017
Body mass index 1.15 (1.01–1.31) .041
Dependent bathing 3.63 (.81–16.22) NS
Dependent transferring 3.25 (.79–13.41) NS
Dependent ambulation for half mile 1.82 (.95–3.59) NS
Stroke severity 1.84 (.95–3.59) NS
Stroke location (left versus right) .91 (.32–2.60) NS

a Adjusted for age.
b Adjusted for age and sex.
c Models additionally adjusted for time from prestroke risk factor measurement to date of
stroke.
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