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A B S T R A C T

Depression and cognitive complaints are common after stroke; these issues have been studied in older popula-
tions, but not in the young. Two hundred and seventy four eligible stroke and TIA patients consented to par-
ticipate and complete the Center for Epidemiologic Studies Depression Scale, and National Institute of
Neurological Disorders and Stroke – Canadian Stroke Network 30-min neuropsychological battery; 57 (21%)
were ≤ 50 years of age. Younger patients reported greater symptoms of depression and less executive dys-
function than older patients. This study highlights age differences in post-stroke depression symptoms and
cognitive impairment, and emphasizes the need for screening across ages.

1. Introduction

Stroke in the young accounts for up to 15% of all strokes and is
becoming increasingly prevalent among young adults (Singhal et al.,
2013). Younger stroke survivors often have good physical recovery
(Varona et al., 2004), but frequently report reduced quality of life and
social dysfunction (Singhal et al., 2013). Reasons for this disconnect –
poor quality of life despite good physical recovery – have not been
identified. But it has been well established that depressive symptoms
and cognitive impairment are common after stroke/TIA (Gottlieb et al.,
2002; Hennerici, 2009; Luijendijk et al., 2011)—even in those with
excellent physical recovery (Kapoor et al., 2017)—and are associated
with reduced quality of life, social dysfunction and difficulty returning
to work (Edwards et al., 2017; Kim et al., 1999). Some previous studies
exploring post-stroke/TIA mood and cognitive outcomes in younger
stroke survivors have reported frequencies up to 48% for depression
symptoms (Maaijwee et al., 2016; Neau et al., 1998) and more than
35% for cognitive deficits in one or more domains (van Rooij et al.,
2014). However, few have compared depressive and cognitive out-
comes between younger and older patients. In this study, we aimed to

characterize the prevalence of post stroke depressive and cognitive
symptoms in young adults (18–50) as compared to older stroke/TIA
patients (50+).

2. Methods

All consecutive new referrals to the Sunnybrook Stroke Prevention
Clinic over a two-year period (April 2012 to April 2014) who spoke
English, were not severely aphasic, could see and write well enough to
complete a screening tool, and received a probable or definite diagnosis
of ischemic stroke or transient ischemic attack (TIA) by a neurologist
were eligible to participate. The final diagnosis was made by the
treating stroke neurologist, with access to advanced neuroimaging
(MRI, CT angiography where appropriate) and all clinical data
(Easton et al., 2009). Baseline patient characteristics, including stroke
severity (assessed using modified Rankin Scale (mRS) (Bonita and
Beaglehole, 1988; Rankin, 1957), which measures extent of disability
on scale from 0 (no disability) to 5 (severe disability)), were abstracted
from patient charts. Consent was obtained to undergo depression and
cognitive assessments during the first post-stroke outpatient clinic visit
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(Median time from stroke to initial clinic visit = 55 days, IQR=94).
History of prior stroke was not an exclusion. “Young” was defined as 50
years of age or younger. This study was approved by the local Research
Ethics Board.

Depressive symptoms were assessed using the Center for
Epidemiologic Studies Depression Scale (CES-D) and cognitive testing
was based on the 30-min battery recommended by the National
Institute of Neurological Disorders and Stroke – Canadian Stroke
Network (NINDS-CSN) harmonization paper (Hachinski et al., 2006).
All scores were normalized (z-score or scaled score) for age using age-
matched norms from each respective test manual. CVLT and Animal
Naming were also education- standardized. Scaled scores ranged from 0
to 19 (M=10).

Linear regression were used to assess the relationship between age
(≤ 50 vs. 50 +) and depressive or cognitive symptoms. All models
were adjusted for stroke severity, education, sex, event type, hy-
pertension, diabetes, and atrial fibrillation. Significance threshold was
set at p= .05.

3. Results

A total of 274 stroke and TIA patients consented to participate
(Table 1). Among included patients, 121 (44.2%) received a diagnosis
of definite ischemic stroke, 55 (20.1%) definite TIA, 14 (5.1%) pos-
sible/query stroke and 84 (30.7%) possible query TIA. Linear regression
revealed an effect of age on CES-D scores in univariate (β=5.32; 95%
CI=2.25, 8.40; p= .001) and multivariable analysis (β=3.84; 95%
CI=0.52, 7.16; p= .024; Supplemental Table 1), with younger pa-
tients having higher depression scores (M=15.1, SD=13.9) com-
pared to older patients (M=9.8, SD=9.0).

Age category was not a predictor of semantic or phonemic fluency,
symbol digit encoding, trail making A or CVLT short or long delay.
However, linear regression revealed an effect of age on trail making B
scaled scores (β=1.11, 95% CI=0.17, 2.06; p= .021), with younger
patients having higher scaled scores (M=10.0, SD=2.5) compared to
older patients (M=8.7, SD=3.0), even after accounting for stroke
severity, education, sex, event type, hypertension, diabetes, and atrial
fibrillation. Complete results for all cognitive tests can be found in
Supplemental Table 2.

4. Discussion

Previous research suggests that old age is associated with post-
stroke depression as well as cognitive impairment (Leys et al., 2005;
Naess et al., 2005). However, previous studies have not compared such
outcomes between younger (≤50 years of age) and older (50+) pa-
tients. The current study elucidates that young stroke survivors are
more likely to experience symptoms of depression and less likely to

experience executive dysfunction, despite equivalent disability. Given
that younger patients are in a period of their lives characterized by
more dynamic growth and change (e.g. raising families, career devel-
opment etc.), it is possible they may feel the impact of losses or changes
in these areas more acutely. These changes may contribute to the
greater symptoms of depression that were reported by younger adults in
our study. It has been shown that depression is more than twice as
common in young stroke survivors as age- and sex- matched controls
(Waje-Andreassen et al., 2013), and our study adds to these findings by
suggesting that depression may be even more common among younger
than older stroke survivors.

Using scores on the Trail Making B test, we found that younger
patients were less likely to have executive dysfunction compared to
older patients, but were equally as likely to be impaired in other do-
mains. Executive dysfunction is often reported as one of the most im-
pacted cognitive functions in stroke patients (Cumming et al., 2013),
however these results may be based on samples of older patients. This
study is, therefore, one of the first to highlight the difference in ex-
ecutive function between young and old stroke survivors. These results
suggest that the impact of stroke on executive function is potentially
greater for older patients, even after accounting for age and mRS.

Post-stroke depression and vascular cognitive impairment are as-
sociated with functional impairment (Kapoor et al., 2019; Leys et al.,
2005; Nannetti et al., 2005), higher mortality (Naess et al., 2010;
Oksala et al., 2009), reduced quality of life (Kim et al., 1999), social
dysfunction (Clarke et al., 1999) and difficulty returning to work
(Edwards et al., 2017). Brief screening tools such as the DOC screen
(Swartz et al., 2017) are feasible, valid and can easily be implemented
in stroke clinics to screen patients for such conditions. This study em-
phasizes the need for post-stroke depression and cognitive screening
across ages, and for approaches to post-stroke mood and cognitive
symptoms that can improve long-term function and quality of life.
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