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ABSTRACT

Introduction: Post-stroke depressive symptoms are heterogeneous and variably associated with other psycho-cognitive features.
We employed cluster analysis to identify distinct profiles of post-stroke depressive symptomatology and their association with
cognitive performance.

Methods: We included consecutive patients undergoing neuropsychiatric evaluation 6 months after stroke. Cluster analysis
incorporated the Center for Epidemiologic Studies Depression Scale, along with the apathy and anxiety items from the
Neuropsychiatric Inventory questionnaire. Baseline clinical/neuroimaging variables and 6-months cognitive outcomes were
compared across profiles.

Results: We included 189 patients with acute cerebrovascular events (median age 75.4 years, 62% male, 80% ischemic strokes).
Three profiles emerged: (A) low-depressive symptoms (n = 108), (B) moderate-depressive symptoms plus anxiety (n = 41), (C)
high-depressive symptoms plus apathy (n = 40). Regarding baseline predictors of 6-month depressive symptoms profiles, patients
with high-depressive symptoms plus apathy exhibited lower Montreal Cognitive Assessment scores at baseline (16.0 vs. 21.5;
adjusted odds ratio [adj.OR] per 1-point increase 0.91, 95% confidence interval [95% CI] 0.83-0.99) compared to patients with
low-depressive symptoms; moderate-depressive symptoms plus anxiety patients had less cortical atrophy compared to both low-
depressive symptoms (adj.OR 0.92, 95% CI 0.86—0.99) and high-depressive symptoms plus apathy (adj.OR 0.89, 95% CI 0.81-0.97)
profiles. Regarding 6-month cognitive performance, high-depressive symptoms plus apathy patients showed higher rates of post-
stroke dementia and attention/executive function impairment compared with the two other groups (both p < 0.05), and higher
rates of language impairment compared with low-depressive symptoms profile (p < 0.05).

Conclusion: By integrating apathy and anxiety in our model, depressive symptoms after stroke emerged as heterogeneous
neuropsychiatric syndromes, showing different baseline predictors and distinctive cognitive patterns.

1 | Introduction Despite extensive research, the etiology of post-stroke depression
remains complex and multifaceted, suggesting that depressive
Depressive symptoms are a frequent and debilitating conse- symptoms after stroke likely represent a spectrum of syndromes

quence of stroke, significantly affecting recovery and quality ~ with distinct underlying substrates (Xiao et al. 2024; Ayerbe

of life (Towfighi et al. 2017; Kutlubaev and Hackett 2014).
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diagnostic and therapeutic approaches tailored to individual
patient profiles.

Differentiating post-stroke neuropsychiatric syndromes is crucial
but often challenging, due to overlapping symptoms and shared
pathophysiological mechanisms (Zhang et al. 2020). Depression
and anxiety frequently co-occur in stroke survivors, contributing
to the overall burden of illness and complicating treatment
strategies; while anxiety may stem from psychological responses
to the stroke event and its aftermath, it also involves neu-
robiological changes that intersect with depressive pathways
(Ayerbe et al. 2014; Scopelliti et al. 2022a). Apathy, despite
the overlap with depressive manifestations, is less associated
with mood disturbances and more with deficits in goal-directed
behavior, suggesting a different neural basis and a link with
neurodegeneration and cognitive decline (Tay et al. 2021). While
different neuropsychiatric syndromes may fall under a diagnosis
of depression, recognizing the distinct features underlying post-
stroke depressive symptoms is relevant for improving patient
management and outcomes, as neuroimaging and clinical data
suggest that diverse neurobiological mechanisms may contribute
to these conditions, showing different functional and cognitive
correlates (Castello et al. 2022; Scopelliti et al. 2024).

We hypothesized that employing a cluster analysis that incor-
porates the evaluation of anxiety and apathy might elucidate
the complexity of post-stroke depressive symptoms and identify
the distinct neuropsychiatric profiles arising after a cerebrovas-
cular event. By exploring the differences in terms of cognitive
outcomes, we seek to enhance the understanding of the multi-
factorial nature of post-stroke depressive symptoms and pave the
way for more targeted and effective diagnostic and therapeutic
pathways.

2 | Methods

2.1 | Study Design and Patient Inclusion

We included consecutive patients hospitalized for an acute
cerebrovascular event in the stroke unit of the Luigi Sacco
Hospital in Milan, Italy, from January 2019 to December 2022 who
underwent a standard neuropsychiatric evaluation 6 months after
discharge. All patients admitted were screened for inclusion in
our prospective registry. Enrollment was stopped between March
and August 2020 and between November 2020 and October 2021
because of the COVID-19 pandemic reorganization of the service.
The study protocol and design were previously described (Cova
et al. 2022; Cova et al. 2024; Mele et al. 2024).

2.2 | Baseline Clinical and Radiological Data

Demographic and clinical variables, such as age, sex, education,
and vascular risk factors were recorded. Type of the acute
cerebrovascular event was categorized as ischemic stroke, tran-
sient ischemic attack (TTA), intracerebral hemorrhage, and other
stroke type (the latter term encompassing cerebral venous throm-
bosis, subarachnoid hemorrhage, dural fistula, and transient
focal neurological episodes). Severity of stroke symptoms was
evaluated using the National Institutes of Health Stroke Scale

(NIHSS) score. Pre-stroke disability was defined as a Modified
Rankin Scale (mRS) score > 2. Two trained neuropsychologists
administered to informants the 16-item Informant Questionnaire
on Cognitive Decline in the Elderly (IQCODE) for the assessment
of pre-stroke cognitive status (Jorm 1994). Pre-stroke depressive
symptoms were assessed during the hospital stay by admin-
istering the Neuropsychiatric Inventory Questionnaire (NPI-Q)
to relatives or caregivers, with specific reference to the period
preceding the index event (Cummings et al. 1994). We assessed
cognitive status in the acute phase using the Montreal Cognitive
Assessment (MoCA), with scores ranging 0-30 (Nasreddine et al.
2005). The MoCA scores were adjusted according to national
normative data (Aiello et al. 2022).

Patients underwent brain imaging during hospitalization with
either computed tomography (CT) or a 1.5 Tesla magnetic
resonance imaging (MRI), as required by clinical practice. A
trained and certified neurologist, who was blinded to the pre-
event clinical status assessments, evaluated the neuroimaging
features. We reported cerebral atrophy using the Global Cortical
Atrophy (GCA) scale on CT scans, with total scores ranging 0-
39 (Pasquier et al. 1996; Hobden et al. 2024). We assessed white
matter hyperintensities severity using van Swieten scale (total
scores ranging 0-4) on CT scans, and Fazekas scale (total scores
ranging 0-6) on MRI scans (Fazekas et al. 1987; Van Swieten et al.
1990).

We recorded the presence of cortical superficial siderosis (CSS)
and presence of cerebral microbleeds (CMB) on brain MRI scans
according to STRIVE criteria (Wardlaw et al. 2013).

2.3 | Follow-Up Evaluation

An extensive neuropsychological evaluation was carried out by
trained neuropsychologists 6 months after the index event for
all included patients (Cova et al. 2024). We used the Center for
Epidemiologic Studies Depression (CES-D) scale to evaluate the
severity of depressive symptoms and the NPI-Q to screen for
apathy and anxiety. The CES-D is a well-recognized screening tool
for detecting depressive symptoms in stroke patients (Shinar et al.
1986). The NPI-Q is an informant-based questionnaire consisting
of 12 items (hallucinations, delusions, agitation, depression,
anxiety, elation, apathy, disinhibition, irritability, aberrant motor
behavior, nighttime behavior, and appetite changes), that pro-
vides a quick assessment of neuropsychiatric symptoms (Cum-
mings et al. 1994). For each item, the informant reported whether
the principal symptoms were absent or present, and if present,
their severity (on a scale of 1-3). Patients who attended the 6-
month follow-up visit but for whom neuropsychiatric screening
could not be fully conducted—either because they were unsuit-
able for CES-D assessment or there was no reliable informant
for the NPI-Q—were excluded from the study. A comprehensive
neuropsychological battery was administered, and cognitive test
results were evaluated using national normative studies that
applied the equivalent score (ES) methodology (Capitani and
Laiacona 1997). ES methodology is a nonparametric norming
method based on percentiles distributions, and scores range from
ES =0 (impaired performance, i.e., adjusted score below the outer
confidence limit for the fifth centile of the normal population),
to ES = 1 (borderline performance, i.e., adjusted score between
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the outer and inner confidence limits for the fifth centile of the
normal population), and ES = 2-4 (normal performance).

The impairment in a specific cognitive domain (memory, visu-
ospatial ability, language, attention/executive function) was
defined as an ES of 0 or 1 in at least one of the tests within that
domain (see Table S1 for a description of the neuropsychological
tests used). We determined the presence of post-stroke cognitive
impairment (PSCI) at the 6-month follow-up, classifying it as
either mild cognitive impairment (MCI) or dementia, based on
neuropsychological battery results and a neurologist’s clinical
judgment as detailed hereafter:

-MCI was diagnosed when at least two tests showed an ES
of 0 or 1 in patients who completed at least four tests
covering at least three cognitive domains, without evidence
of functional impairment in daily life activities.

-Dementia was diagnosed either (i) when at least two tests
showed an ES of 0 or 1 in patients who completed at least
four tests covering at least three cognitive domains and
demonstrated functional impairment in daily life activities,
or (ii) when the inability to complete the tests was due to
clinically evident cognitive impairments with a functional
impact.

Post-stroke functional status was assessed using mRS, and
disability was defined as a score > 2.

2.4 | Statistical Analysis

Quantitative variables were presented as medians with interquar-
tile ranges (IQR), while categorical variables were expressed
as frequencies (percentages). Baseline characteristics were com-
pared between patients included and excluded from the analyses
using Chi-square test for categorical variables and Mann-
Whitney U test for quantitative variables. Three neuropsychiatric
scales were used to classify patients into homogenous subgroups
based on depressive symptoms, apathy, and anxiety scores at 6
months: the NPI-Q Apathy subscale, the NPI-Q Anxiety subscale,
and the CES-D. To ensure comparability across these different
scales, each score was normalized into z-scores. This normaliza-
tion involved calculating the mean and standard deviation for
each scale and then transforming the raw scores into standardized
scores. Following normalization, a k-means cluster analysis was
performed to identify distinct subgroups within the sample based
on their neuropsychiatric profiles. For this study, we a priori
selected a number of three clusters, based on findings from
a previous study on post-intracerebral hemorrhage depressive
symptom profiles (Scopelliti et al. 2024). Baseline characteris-
tics and 6-month neuropsychiatric outcomes were compared
across the three identified clusters using Chi-square test for
categorical variables and Kruskal-Wallis test for quantitative
variables. Post-hoc analyses with Bonferroni correction were
applied to continuous variables. To assess the predictive variables
associated with each cluster, baseline characteristics that differed
between the three clusters with p < 0.05 in univariate analyses
were included in a multivariable logistic regression model. The
absence of collinearity between candidate variables was verified

N =609
patients admitted to stroke unit
Jan 2019 - Dec 2022

N ) N=39

in-hospital deaths
v

N =570

N=319
no 6-month follow-up

\——V N = 39 deaths before follow-up

v N =60 patients institutionalized
N =220 unable to undergo follow-up (severe disability,
refusal, address change, lost to follow-up)

N =251

patients with 6-month follow-up

) . N N=62

incomplete neuropsychiatric evaluation

v

N=189

patients included

FIGURE 1 | Flowchart of patient inclusion.

by calculating the variance inflation factors (VIF). Statistical tests
were conducted using a two-tailed significance level of a = 0.05.

3 | Results

3.1 | Study Cohort

A total of 609 patients were consecutively admitted to our Stroke
Unit for an acute cerebrovascular event during the study period,
251 of whom were alive and able to receive neuropsychiatric
follow-up 6 months after the index event (Figure 1). Sixty-two
patients did not receive a complete neuropsychiatric evaluation
and were excluded from the study. Tables S2 and S3 compare
baseline characteristics between patients included and excluded
from the study.

A total of 189 patients were finally included in the analysis.
Median age of participants was 75.4 years (IQR 67.0-82.3), 118
(62.4%) were male; for 152 (80.4%) an ischemic stroke was the
index cerebrovascular event. CT scans were obtained for all
patients, while MRI was performed on 137 patients (76%).

3.2 | Depressive Symptoms Profiles

Using k-means cluster analysis, we identified three depressive
symptoms profiles (Table S4): Profile A, low-depressive symp-
toms (n = 108 patients, 57.1%); Profile B, moderate-depressive
symptoms plus anxiety (n = 41 patients, 21.7%); Profile C, high-
depressive symptoms plus apathy (n = 40 patients, 21.2%).
Figure 2 shows a graphic depiction of the three neuropsychiatric
clusters.
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FIGURE 2 |
scores of each cluster.

3.3 | Baseline Characteristics

Table 1 shows the baseline characteristics of patients according
to their depressive symptoms profile. In univariate analyses the
baseline clinical and neuroimaging variables that were signifi-
cantly different between the three profiles were the prevalence
of pre-stroke depressive symptoms (p = 0.021), years of formal
education (p = 0.024), global cerebral atrophy score (p = 0.009),
and both raw (p = 0.011) and adjusted (p = 0.034) MoCA scores.

In a multivariate logistic regression model (Table 2), compared
to patients with low-depressive symptoms, patients with high-
depressive symptoms plus apathy exhibited lower MoCA scores
at baseline (adjusted odds ratio [adj.OR] 0.91, 95% confidence
interval [95% CI] 0.83-0.99). Patients with moderate-depressive
symptoms plus anxiety had lower GCA scores compared to both
low-depressive symptoms (adj.OR 0.92, 95% CI 0.86-0.99) and
high-depressive symptoms plus apathy (adj.OR 0.89, 95% CI
0.81-0.97) profiles.

3.4 | Cognitive Outcomes

Table 3 shows the cognitive outcomes of patients at 6-month
follow-up according to their depressive symptoms profile group.
Compared to patients with low depressive symptoms, patients
with high-depressive symptoms plus apathy—but not patients
with moderate-depressive symptoms plus anxiety—showed
higher rates of PSCI (OR 2.98, 95% CI 1.14-7.77). Patients with
depressive symptoms plus apathy had higher rates of dementia
compared to both patients with low-depressive symptoms
(p < 0.001) and with moderate-depressive symptoms plus anxiety
(p =0.002).

Patients with high-depressive symptoms plus apathy had higher
median mRS scores and more disability at 6-month follow-up
compared to the other two groups (all p < 0.005).

Concerning cognitive domains, patients with depressive symp-
toms plus apathy had higher rates of language impairment
compared to patients with low-depressive symptoms (p = 0.033),
and higher rates of impaired attentive/executive functions com-
pared to both patients with low-depressive symptoms (p = 0.023)
and moderate-depressive symptoms plus anxiety (p = 0.030).
Figure 3 shows the rates of MCI and dementia at 6-month

Profile A: low-depressive symptoms
Profile B: moderate-depressive symptoms plus anxiety

. Profile C: high-depressive symptoms plus apathy

Graphic depiction of depressive symptoms profiles. The radar shows the z-scores of CES-D scale, NPI-Q apathy, and NPI-Q anxiety

45%

46%

B dementia
MCI

normal

26%
352 31%
16%

Low-depressive
symptoms

Moderate-depressive
symptoms + anxiety

High-depressive
symptoms + apathy

FIGURE 3 | Degree of cognitive impairment across the three depres-
sive symptoms profiles. MCI = mild cognitive impairment.

follow-up, while Figure 4 shows the cognitive domains differently
affected across the three groups.

4 | Discussion

The three depressive symptom profiles that we identified in stroke
survivors 6 months after the index event using cluster analysis
showed different baseline clinical and neuroimaging character-
istics. While patients with moderate depressive symptoms and
anxiety exhibited levels of PSCI similar to those in the low-
depressive symptoms group, patients with high depressive symp-
toms and apathy had the worst overall cognitive performance,
with a distinct pattern of domain-specific impairment. Our results
confirm that post-stroke depression is a heterogeneous condition
with distinct subtypes.

Depressive symptoms are among the most common complaints
following a stroke and have been closely linked to cognitive
decline (Towfighi et al. 2017; Kanellopoulos et al. 2020). A notable
heterogeneity in the presentation of post-stroke depression has
been observed, with apathy and anxiety often co-occurring
(Ayerbe et al. 2013; Tay et al. 2020). We hypothesized that
apathetic and anxious features could help better characterize
post-stroke depressive symptoms, potentially identifying the neu-
ropsychiatric syndromes most closely associated with PSCI. In
line with a previous study on depressive symptoms following
intracerebral hemorrhage (Scopelliti et al. 2024), our cohort—
consisting primarily of ischemic stroke cases—revealed three
distinct depressive symptom profiles, identified based on a cluster
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TABLE 1 | Patient characteristics according to depressive symptoms profile.

Profile B
(moderate Profile C
Profile A depressive (high depressive
(low depressive symptoms + symptoms +
symptoms) anxiety) apathy)
N=108 N=41 N=40 p value

Baseline characteristics

Age, median (IQR) 75.8 (65.2-82.6)  72.8(64.3-80.1)  77.0(70.5-82.9) 0.191

Male sex, n (%) 73 (67.6) 22 (53.7) 23(57.5) 0.225

Pre-stroke depressive symptoms, n (%) [n = 180] 22 (21.0) 13 (34.2) 16 (43.2) 0.021%*

Pre-stroke disability, n (%) [n = 188] 5(4.7) 1(2.4) 5(12.5) 0.114

Pre-stroke IQCODE, median (IQR) [n = 157] 3.0 (3.0-3.3) 3.1(3.0-3.3) 3.0 (3.0-3.4) 0.871

Years of education, median (IQR) [n =187] 11.0 (8.0-13.0) 8.0 (6.5-13.0) 8.0 (5.0-11.0) 0.024%*

Hypertension, n (%) [n = 188] 79 (73.1) 24 (60.0) 31(77.5) 0.180

Diabetes, n (%) [n = 188] 26 (24.1) 4(10.0) 13 (32.5) 0.051

Hypercholesterolemia, n (%) [n = 188] 72 (66.7) 25(62.5) 26 (65.0) 0.892

Atrial fibrillation, n (%) [n = 188] 14 (13.0) 8(20.0) 4 (10.0) 0.399
Acute stroke characteristics

Baseline NIHSS score, median (IQR) 2.0 (1.0-4.0) 2.0 (0.5-4.5) 2.0 (0.0-5.0) 0.900

Ischemic stroke, n (%) 86 (79.6) 34 (82.9) 32(80.0) 0.900

Transient ischemic attack, n (%) 14 (13.0) 4(9.8) 4(10.0) 0.807

Intracerebral hemorrhage, n (%) 5(4.6) 2(4.9) 4(10.0) 0.445

Other stroke type, n (%) 3(2.8) 1(2.4) 0(0.0) NA

Left hemisphere lesion, n (%) 42 (38.9) 18 (43.9) 24 (60.0) 0.072

Raw MoCA score, median (IQR) [n = 138] 21.5(16.0-24.0)  21.0(16.0-23.0)  16.0 (10.0-21.3) 0.011%¢

Adjusted MoCA score, median (IQR) [n =136] 22.0 (18.8-24.7) 21.5(19.2-23.4) 18.1 (13.2-22.9) 0.0342¢
Neuroimaging features

Van Swieten scale, median (IQR) [n = 188] 2.0 (1.0-3.0) 1.0 (0.0-2.0) 2.0 (1.0-3.0) 0.133

Global cerebral atrophy score, median (IQR) [n = 10.0 (3.0-17.0) 7.0 (2.0-13.0) 12.0 (8.3-17.0) 0.009

188]

Cerebral microbleeds >1, n (%) [n = 130] 27 (38.0) 12 (38.7) 8(28.6) 0.640

Strictly deep, n (%) 9(33.3) 4(33.3) 1(12.5) 0.502

Strictly lobar, n (%) 12 (44.4) 5(41.7) 3(37.5) 0.939

Mixed, n (%) 6(22.2) 3(25.0) 4(50.0) 0.296

Cortical superficial siderosis, n (%) [n = 130] 2(2.8) 1(3.2) 0(0.0) NA

Fazekas score, median (IQR) [n = 137] 2.0 (1.0-3.0) 2.0 (1.0-2.5) 2.0 (1.0-3.0) 0.340

Note: The p-value was calculated using Chi-square test for categorical variables and Kruskall-Wallis test for continuous variables. One-to-one comparisons
(Bonferroni correction was used for continuous variables): ab = p < 0.05 for comparison Profile A vs. Profile B; ac = p < 0.05 for comparison Profile A vs. Profile

C; bc = p < 0.05 for comparison Profile B vs. Profile C.

Abbreviation: IQCODE = Informant Questionnaire on Cognitive Decline in the Elderly, IQR = interquartile range, MoCA = Montreal Cognitive Assessment,

NIHSS = National Institutes of Health Stroke Scale.

analysis incorporating the levels of apathy and anxiety assessed
through simple neuropsychiatric questionnaires administered 6
months after the index event.

The profile with high-depressive symptoms and apathy was
linked to poorer 6-month functional outcomes and cognitive
performances, particularly in the domain of attention and exec-

utive functions. These patients demonstrated worse cognitive
performance already in the acute stroke phase (evaluated using
a simple tool such as the MoCA), suggesting the potential
for early identification of post-stroke neuropsychiatric profiles.
These findings align with previous research identifying apathy,
rather than other mood disorders, as a key factor associated with
cognitive decline: apathy and cognitive decline may both reflect
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TABLE 2 | Multivariable model—predictors.

Profile B

(moderate-depressive

symptoms + anxiety)
versus
Profile A
(low-depressive

symptoms)

Profile C Profile C
(high-depressive (high-depressive
symptoms + apathy) symptoms + apathy)
versus versus
Profile A Profile B
(low-depressive (moderate-depressive

symptoms) symptoms + anxiety)

Education (per 1-year increase) 0.91 (0.80-1.03)
2.5(0.93-7.00)

0.97 (0.88-1.07)

Pre-stroke depressive symptoms

Baseline raw MoCA score (per
1-point increase)

Global cortical atrophy score (per
1-point increase)

0.92 (0.86-0.99)

0.96 (0.85-1.08)
1.98 (0.69-5.71)
0.91 (0.83-0.99)

1.00 (0.86-1.16)
0.49 (0.12-1.96)
0.94 (0.84-1.05)

1.03 (0.97-1.09) 1.13 (1.03-1.23)

Note: Results of logistic regression analysis including the baseline variables associated with p > 0.05 at univariate analysis as covariates. Effect sizes were shown
as odds ratio (95% confidence interval). Statistically significant results with p value < 0.05 are shown in bold.

TABLE 3 | Cognitive and functional outcomes according to depressive symptoms profile.
B
Moderate- C
A depressive High-depressive
Low-depressive symptoms + symptoms +

6-month outcomes symptoms anxiety apathy p value
Post-stroke cognitive impairment, n (%) 68 (64.2) 27(69.2) 32(84.2) 0.071%¢
Post-stroke MCI, n (%) 48 (45.3) 18 (46.2) 10 (26.3) 0.101*¢
Post-stroke dementia, n (%) 20 (18.9) 9(23.1) 22(57.9) < 0.0012be
Modified Rankin Scale, median (IQR) 1(0-2) 1(1-2) 2(1-3) 0.001%¢ be
Disability, n (%) 34 (3L5) 13 (31.7) 24(60.0) 0.0043¢ be
Cognitive domains

Impaired memory, n (%) 30 (28.3) 18 (43.9) 16 (41.0) 0.126

Impaired visuospatial ability, n (%) 35(34.3) 10 (30.3) 16 (47.1) 0.302

Impaired language, n (%) 21(19.6) 12 (29.3) 14 (36.8) 0.089%*

Impaired attention/executive function, n 56 (54.4) 19 (51.4) 28 (75.7) 0.050%¢ b¢

(%)

Note: The p values were calculated using Chi-square test for categorical variables and Kruskall-Wallis test for continuous variables. One-to-one comparisons
(Bonferroni correction was used for continuous variables): ab = p < 0.05 for Profile A versus Profile B; ac = p < 0.05 for Profile A versus Profile C; bc = p < 0.05
for Profile B versus. Profile C. Disability at 6-month follow-up was defined as a Modified Rankin Scale score > 2.

Abbreviation: IQR = interquartile range.

underlying damage to the frontal-subcortical circuits, which are
critical for goal-directed behavior and executive control (Tay
et al. 2021; Lohner et al. 2017). Moreover, apathetic symptoms
are common features of late-life depression, a clinical entity
exhibiting a lower response to pharmacological treatments, and
carrying a high risk for cognitive decline (Steffens et al. 2022;
Alexopoulos et al. 2013). From this perspective, apathetic symp-
toms in elderly stroke patients should be considered as a distinct
clinical entity from mood disorders (Scopelliti et al. 2022a; Tay
et al. 2020; Alexopoulos et al. 2013). In our study, the cognitive
profile of patients with high-depressive symptoms plus apathy—
preferentially affecting attention and executive functions—might
be indicative of an underlying vascular cause rather than neu-

rodegeneration, suggesting a link between late-life depression,
vascular cognitive impairment, and distinctive neuropsychiatric
manifestations (Alexopoulos 2019). Further studies employing
advanced neuroimaging techniques and biological markers of
neurodegeneration may help clarifying the neurobiological sub-
strate of the different post-stroke neuropsychiatric syndromes.

In contrast, the moderate-depressive symptoms plus anxiety and
the low-depressive symptoms profiles exhibited similar levels of
cognitive decline. Moreover, patients with moderate-depressive
symptoms plus anxiety demonstrated lower levels of global
cortical atrophy. While anxiety is commonly reported as one of the
most frequent neuropsychiatric manifestations following a stroke
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FIGURE 4 | Affected cognitive domainsacross the three depressive symptoms profiles. The radar depicts the percentage of subjects in each subgroup

showing impairment in specific cognitive domains.

and often co-morbid with depression, it might be associated more
with emotional distress and coping mechanisms related to stroke
symptoms, rather than cognitive impairment (Kapoor et al. 2019;
Chun et al. 2018; Scopelliti et al. 2022b). Despite neuropsychiatric
and cognitive disturbances identified after stroke are complex
and multifaced, possibly influenced by both acute stroke-related
and chronic brain changes, our findings suggest that depressive
symptoms with prevalent anxiety are less likely to serve as
markers of vascular cognitive impairment compared to those with
more pronounced apathy.

The strength of our study lies in the comprehensive assessment of
patients’ cognitive status, which included an extensive neuropsy-
chological battery administered 6 months after the index stroke.
However, there are some limitations to consider. The sample
size was relatively small, potentially limiting the generalizability
of our findings. In addition, the cross-sectional design of the
neuropsychiatric evaluation constrains our ability to determine
the long-term trajectories of depressive symptoms and cognitive
decline. Future longitudinal studies are needed to investigate how
these depressive symptom profiles evolve over time and their
long-term impact on cognition. We did not assess relevant imag-
ing markers of small vessel disease, such as lacunes and enlarged
perivascular spaces, nor did we collect detailed information on
lesion location beyond the hemisphere affected. In addition, data
on prior history of stroke were not available. These factors might
influence baseline cognitive status and post-stroke neuropsy-
chiatric outcomes, and should be addressed in future studies.
Also, we did not collect reliable information on prior psychiatric
diagnoses or on the use of psychotropic treatments before or after
the index stroke, which may have influenced both baseline and
follow-up neuropsychiatric assessments. We acknowledge that
our findings may only apply to a subset of less compromised
patients, as we excluded a substantial proportion of patients who
did not undergo the 6-month neuropsychiatric screening: these
excluded patients were older, had more comorbidities, higher
levels of pre-stroke cognitive impairment, and more severe index
strokes. Moreover, the majority of included patients had ischemic
strokes, which may limit the generalizability of our findings
to other types of cerebrovascular events, such as hemorrhagic
strokes or TIA. Furthermore, the neuropsychiatric profiles were
derived from cluster analyses based on screening tools, rather

than comprehensive clinical evaluations, making it difficult to
establish formal clinical diagnoses and depict the multidimen-
sional nature of neuropsychiatric symptoms. However, the CES-D
scale and NPI-Q are simple tools that can be easily administered
in clinical settings, offering a quick and reliable means of eval-
uating neuropsychiatric symptoms in stroke patients. Validating
these clusters in independent cohorts and applying alternative
clustering approaches—e.g., hierarchical clustering—could help
strengthening the robustness and generalizability of our findings.

In conclusion, the differentiation of depressive symptoms
profiles—by including apathy and anxiety features in a cluster
analysis—allowed us to uncover nuances in post-stroke neu-
ropsychiatric outcomes that are often missed in commonly used
screening tests. These findings highlight how different neuropsy-
chiatric syndromes after stroke may recognize distinct underlying
mechanisms and cognitive outcomes, reinforcing the value of
comprehensive, multidimensional assessments to better inform
clinical management and care strategies. Future studies with
extended follow-up will be essential to determine the trajectories
of depressive symptom profiles over time, and to clarify their
long-term prognostic implications.
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