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Prognostic Value of Stroke Severity Measured by National
Institutes of Health Stroke Scale Score for Post-Stroke
Neuropsychiatric Outcomes in a Hispanic Population
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Ana Sofia Cantos?

Abstract

Background: Stroke is a leading cause of disability and mortality.
Neuropsychiatric complications are frequent, and stroke severity
measured by National Institutes of Health Stroke Scale (NIHSS) may
help identify patients at risk for adverse neuropsychiatric outcomes.
The objective was to analyze whether stroke severity measured by the
NIHSS score is associated with the development of neuropsychiatric
complications after stroke in a Hispanic population.

Methods: This observational, analytical, retrospective study includ-
ed 170 adults with CT-confirmed stroke treated in 2024 at a tertiary
hospital in Guayaquil. Stroke severity (NIHSS), clinical variables,
and neuropsychiatric outcomes were analyzed using chi-square tests,
Mann-Whitney U, and multivariable logistic regression, adhering to
STROBE and ethical standards (SPSS version 27.0). Results were
expressed as adjusted odds ratios (ORs) with 95% confidence inter-
vals (CIs), considering P < 0.05 and including only models with an
events-per-variable (EPV) ratio > 6.

Results: A total of 170 adults (mean age 61.32 + 14.62 years) were
studied; 63.5% were male. Ischemic strokes comprised 56.5% and
hemorrhagic 43.5%. Median NIHSS at admission was 7 (interquartile
range (IQR) 4 - 13); categories: no deficit 6.5%, mild 25.9%, moder-
ate 48.8%, moderate-severe 8.2%, severe 10.6%. Overall, 42.4% (n=
72) developed neuropsychiatric manifestation: cognitive impairment
and sleep disturbances each occurred in 22.4%, behavioral disorders
in 20.0%, depression in 15.30%, anxiety in 8.20%, and psychosis in
4.70%. Chi-square testing showed significant associations for mod-
erate strokes with sleep disturbances (63.2%, P = 0.024), cognitive
impairment (68.4%, P =0.029), and behavioral disorders (76.5%, P =
0.003). Mann-Whitney comparisons indicated higher median NIHSS
in patients with depression (12 vs. 7, P = 0.014), sleep disturbances
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(8 vs. 6, P =0.025), and behavioral disorders (12 vs. 6, P = 0.002).
Multivariable logistic regression revealed that younger age (Exp(B) =
0.957, P=0.046), female sex (Exp(B) =9.801, P <0.001), and higher
NIHSS scores (Exp(B) = 1.101, P = 0.010) independently predicted
depression. Higher NIHSS scores also predicted sleep disturbances
(Exp(B) = 1.072, P = 0.047) and behavioral disorders (Exp(B) =
1.071, P=0.036), with female sex acting as a protective factor for be-
havioral disorders (Exp(B) =0.227, P=0.012). Cognitive impairment
was associated with shorter time to onset (Exp(B) =0.997, P=10.037).

Conclusion: The NIHSS scale proved to be a useful tool not only for
measuring the initial severity of stroke, but also for identifying the
risk of developing neuropsychiatric complications.

Keywords: Cerebrovascular disease; Stroke; Neuropsychiatric disor-
ders; Psychiatric sequelae

Introduction

Stroke is defined as a sudden-onset focal neurological deficit
resulting from total or partial occlusion or rupture of a cerebral
vessel, confirmed by neuroimaging or pathological findings.
It remains the second leading cause of disability and mortality
worldwide, primarily due to irreversible neuronal injury and
functional impairment [1, 2]. In 2021, approximately 7.8 mil-
lion new stroke cases were reported globally, with a slightly
higher incidence in men (4.02 million) than in women (3.78
million), accounting for more than 3.5 million deaths [3]. The
burden is disproportionately higher in developing countries,
where modifiable vascular risk factors are more prevalent and
epidemiological data are limited.

Strokes comprise a heterogeneous group of disorders with
distinct pathophysiological mechanisms that determine lesion
distribution, neurological severity, and prognosis. Ischemic
stroke represents nearly 80% of all cases and results from
vascular occlusion leading to decreased cerebral blood flow.
The consequent ischemic cascade involves ATP depletion,
ionic imbalance, glutamate excitotoxicity, oxidative stress,
and neuroinflammation, ultimately causing neuronal death [4].
In contrast, hemorrhagic stroke, accounting for roughly 20%
of cases, involves intracerebral or subarachnoid bleeding, pro-
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ducing both primary tissue compression and secondary injury
mediated by inflammation, oxidative damage, and coagulation
activation [5].

From a clinical perspective, accurate etiological classifi-
cation is essential since each stroke subtype exhibits different
risk factors, pathophysiology, and outcomes. The TOAST sys-
tem distinguishes five major ischemic subtypes: large-artery
atherosclerosis, cardioembolism, small-vessel occlusion (la-
cunar), stroke of other determined etiology, and cryptogenic
stroke. This classification is critical for estimating functional
prognosis and guiding therapeutic decisions. In contrast, hem-
orrhagic stroke, depending on the location, is classified as in-
tracerebral and subarachnoid hemorrhage [6].

Beyond the neurological deficits, stroke frequently leads
to neuropsychiatric sequelae, which arise from the interaction
between structural brain injury, neurochemical alterations,
and the psychological impact of the event [7, 8]. Post-stroke
depression (PSD) is the most common complication, with re-
ported prevalence ranging from 15% to 70%, typically asso-
ciated with lesions involving the left frontal and subcortical
regions, including the basal ganglia and limbic system [9, 10].
Secondly, anxiety can occur in 15-40% of cases and manifests
as excessive and persistent worry, associated with lesions in
the left cerebral hemisphere [10].

Cognitive impairment after stroke involves persistent dis-
turbances in attention, executive function, and memory, often
coexisting with affective symptoms such as depression, anxi-
ety, and agitation [10, 11]. Behavioral disturbances, including
irritability and emotional lability, occur in about one-third of
patients and are linked to orbitofrontal and limbic involve-
ment. Less frequently, post-stroke psychosis (1-2% of cases)
manifests with delusions or hallucinations, and has been as-
sociated with right temporo-parietal and frontoparietal lesions
[11, 12].

Additionally, sleep-related breathing disorders, particular-
ly obstructive sleep apnea (OSA), have emerged as both a risk
factor for incident stroke and a complication during recovery.
The intermittent hypoxemia, sympathetic overactivation, and
hemodynamic instability characteristic of OSA contribute to
cerebral ischemia and poor functional outcomes. Its presence
increases recurrence risk and long-term mortality, underscor-
ing the need for early recognition and management [13].

The National Institutes of Health Stroke Scale (NIHSS) is
the most widely used tool for quantifying neurological deficit
severity in acute stroke. Higher NIHSS scores reflect greater
impairment of motor, sensory, and cognitive domains and are
associated with poorer functional recovery [14, 15]. Previous
studies have reported that higher NIHSS scores during the
acute phase correlate with subsequent depressive symptoms,
particularly in patients with basal ganglia lesions [16]. This
relationship may be mediated by neurohumoral activation of
the hypothalamic-pituitary-adrenal and sympathetic-adrenal
systems, linking stroke severity with long-term cognitive and
emotional outcomes [17, 18].

Likewise, a lower NIHSS score is associated with better
cognitive recovery and a lower prevalence of emotional distur-
bances, such as apathy and emotional instability. The findings
suggest that the scale is useful for predicting functional recov-

ery and cognitive and emotional outcomes [19]. Incorporating
the NIHSS scale into the comprehensive assessment of stroke
patients allows for early detection of the risk of developing dis-
orders such as depression, anxiety, and cognitive impairment.

Accordingly, the objective of this study is to analyze wheth-
er stroke severity measured by the NIHSS score is associated
with the development of neuropsychiatric complications after
stroke in a Hispanic population. We hypothesize that higher
NIHSS scores are independently associated with a greater risk
of developing depression, cognitive impairment, sleep disor-
ders, and behavioral changes during clinical follow-up.

Materials and Methods

Study design

An observational, analytical, retrospective study was con-
ducted based on a review of medical records from 170 adult
patients diagnosed with cerebrovascular events and treated be-
tween January and December 2024 at a tertiary care hospital in
Guayaquil, Ecuador. The Ethics Committee of Hospital Abel
Gilbert Ponton evaluated and authorized this study protocol
under approval code HAGP-UDI-2024-069-0O. The study ad-
hered to international ethical standards, including the Decla-
ration of Helsinki. The manuscript was structured according
to Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) guidelines to ensure transparency,
completeness, and methodological rigor.

Patient selection

Eligible participants were adults (age 25 - 89 years) with a
confirmed diagnosis of ischemic or hemorrhagic cerebrovas-
cular event on computed tomography (CT) who were treated
consecutively at a tertiary care hospital in Guayaquil between
January 1, and December 31, 2024. A screening log was kept
of 650 clinical histories screened, 480 were excluded for pre-
defined reasons (incomplete records n = 327; prior neuropsy-
chiatric disorder n = 42; brain tumor n = 111), yielding 170
patients for analysis. Each patient contributed a single record,
and in cases of multiple admissions the index admission for
the cerebrovascular event was used. Minimum clinical follow-
up to ascertain neuropsychiatric outcomes was 7 days (median
follow-up: 120 days).

Definition and assessment of neuropsychiatric outcomes

Neuropsychiatric outcomes comprised cognitive impairment,
sleep disturbances, behavioral changes, depressive symptoms,
anxiety, and psychotic symptoms. Outcomes were recorded if
documented by a psychiatrist in the medical record during hos-
pitalization or outpatient follow-up, based on routine clinical
assessment and, when explicitly stated, Diagnostic and Statis-
tical Manual of Mental Disorders, Fifth Edition (DSM-5) diag-
nostic criteria. Data extraction was performed independently
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by two reviewers using a standardized form, and discrepancies
were resolved by consensus. Comorbidities and stroke etiol-
ogy were obtained from patients’ medical and laboratory re-
cords according to predefined definitions.

Data collection and variables

Variables were grouped into three categories: sociodemo-
graphic (age, sex), clinical (comorbidities, type and etiology
of cerebrovascular event, post-event neuropsychiatric mani-
festations, and time since the event), and neurological (NIHSS
score at admission). Stroke severity was assessed using the
NIHSS at admission and categorized into five levels: no defi-
cit (0), mild (1 - 4), moderate (5 - 15), moderate to severe (16
- 20), and severe (21 - 42).

Statistical analysis

Continuous variables were summarized as median and inter-
quartile range (IQR) when non-normal; categorical variables
as counts and percentages. Bivariate associations between
NIHSS severity categories and neuropsychiatric outcomes
were evaluated with the chi-square test (Fisher’s exact test
used when expected cell counts < 5). Comparisons of NIHSS
distributions between groups were performed with the Mann-
Whitney U test. For each neuropsychiatric outcome with suf-
ficient events, multivariable binary logistic regression models
were fitted to estimate adjusted odds ratios (Exp(B)) and only
when sufficient events were available (events-per-variable
(EPV) > 6).

Predictor variables (selected a priori) included age, sex,
time from stroke onset to assessment (days), NIHSS score at
admission (modeled as a continuous covariate), stroke type
(ischemic vs hemorrhagic), and presence of > 3 comorbidi-
ties (binary). EPV was calculated for each model; models with
EPV < 6 were reported descriptively. Model assumptions were
assessed as follows: independence of observations was en-
sured by including only the index admission for each patient;
multicollinearity was evaluated using variance inflation factor
(VIF < 5 for all predictors). Model fit and calibration were as-
sessed using the Hosmer-Lemeshow test and Nagelkerke R2.

Results

A total of 170 adult patients diagnosed with cerebrovascular
events were included in this analysis. Participants were aged
between 25 and 89 years (mean: 61.32 + 14.62 years; median:
59.5 years). Male patients predominated, representing 63.52%
of the cohort. Regarding the type of cerebrovascular event,
56.47% were ischemic and 43.53% were hemorrhagic (Table
1).

Among patients with hemorrhagic stroke, the most com-
mon cause was hypertension (59.5%; n = 44), followed by an-
eurysm (20.3%; n = 15), trauma (12.2%; n = 9), indeterminate
cause (5.4%; n = 4), and arteriovenous malformation (2.7%; n

= 2). In patients with ischemic stroke, the leading cause was
cerebral arterial thrombosis (32.3%; n = 31), followed by ath-
erosclerotic/stenotic disease (22.9%; n = 22), microangiopathy
associated with hypertension (17.7%; n = 17), cardioembolic
events (16.7%; n = 16), and indeterminate cause (10.4%; n =
10) (Table 1).

In terms of comorbidities, arterial hypertension was the
most frequent (74.70%; n = 127), followed by diabetes melli-
tus (68.82%; n = 117), dyslipidemia (47.64%; n = 81), chronic
kidney disease (45.88%; n = 78), alcohol abuse (23.5%; n =
40), smoking (20.6%; n = 35) and cardiac disease (12.35%;
n = 21). To assess the severity of neurological impairment,
the NIHSS scores at admission were analyzed. The median
NIHSS score at admission was 7 (IQR: 4 - 13). Based on the
NIHSS classification, 6.47% (n = 11) of patients had no deficit
(score = 0), 25.88% (n = 44) were categorized as having mild
stroke (1 - 4), 48.82% (n = 83) as moderate (5 - 15), 8.24% (n
= 14) as moderate to severe (16 - 20), and 10.59% (n = 18) as
severe (21 - 42) (Table 1).

During follow-up, 42.35% of patients (n = 72) presented
neuropsychiatric manifestations. The most frequently docu-
mented symptoms were cognitive impairment and sleep dis-
turbances (each observed in n = 38; 52.77% of symptomatic
patients), followed by behavioral disorders (n = 34; 47.22%)),
depressive symptoms (n = 26; 36.11%), anxiety (n = 14;
19.44%), and psychotic symptoms (n = 8; 11.11%) (Table 1).

To explore the association between stroke severity and
neuropsychiatric manifestations, a chi-square test was per-
formed. Significant associations were observed mainly among
patients with moderate strokes, of whom 63.2% had sleep
disturbances (P = 0.024), 68.4% cognitive impairment (P =
0.029), and 76.5% behavioral disorders (P = 0.003). In con-
trast, no statistically significant associations were found be-
tween severity and the presence of depressive symptoms (P =
0.155), anxiety (P = 0.065), or psychotic symptoms (P = 0.577)
(Table 2).

To determine whether stroke severity at admission was re-
lated to the later development of neuropsychiatric symptoms, a
Mann-Whitney U test was performed to compare NIHSS score
distributions between symptomatic and asymptomatic groups.
Patients who developed depression had a median NIHSS score
of 12 (IQR: 6 - 18), which was significantly higher than in
the group without depression (median =7, IQR: 3.5 -12; U =
2,437,7=2.451,P=0.014) (Table 3).

Similarly, patients with sleep disturbances had a median
score of 8 (IQR: 5 - 15) compared to 6 (IQR: 3 - 11) in the con-
trol group (U = 3,104, Z = 2.234, P = 0.025), while those with
behavioral disorders had a median of 12 (IQR: 7 - 16) versus 6
(IQR: 3-10) (U=3,098,Z=3.068, P=0.002). In contrast, no
significant differences were observed in NIHSS scores among
patients with anxiety (U = 1,363, Z = 1.539, P = 0.124), psy-
chotic disorders (U = 789, Z = 1.040, P = 0.299), or cogni-
tive impairment (U = 2,978.5, Z = 1.575, P = 0.115) (Table
3). These results indicate that depression, sleep disturbances,
and behavioral disorders are significantly more prevalent in
patients with higher stroke severity.

Binary logistic regression identified independent predic-
tors of post-stroke neuropsychiatric manifestations. Adequate
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Table 1. Baseline Characteristics of the Study Population

Characteristic Value
Age in years (mean + SD), median (range) 61.32 +14.62, 59.5 (25 - 89)
Male sex, n (%) 108 (63.5)
Type of stroke, n (%)
Ischemic 96 (56.5)
Hemorrhagic 74 (43.5)
Etiology of hemorrhagic stroke, n (%)
Hypertensive 44 (59.5)
Aneurysmal 15 (20.3)
Traumatic 9(12.2)
Undetermined 4(5.4)
Arteriovenous malformation 2(2.7)
Etiology of ischemic stroke, n (%)
Cerebral arterial thrombosis 31(32.3)
Atherosclerotic/stenotic 22 (22.9)
Hypertensive microangiopathy 17 (17.7)
Cardioembolic 16 (16.7)
Undetermined 10 (10.4)
Comorbidities, n (%)
Hypertension 127 (74.70)
Diabetes mellitus 117 (68.82)
Dyslipidemia 81 (47.64)
Chronic kidney disease 78 (45.88)
Alcohol abuse 40 (23.5)
Smoking 35(20.6)
Cardiac disease 21 (12.35)
NIHSS at admission, median (IQR) 7(4-13)
NIHSS classification, n (%)
No deficit 11 (6.5)
Mild 44 (25.9)
Moderate 83 (48.8)
Moderate-severe 14 (8.2)
Severe 18 (10.6)

Neuropsychiatric manifestations during follow-up, n (%)

Cognitive impairment

38/72 (52.8)

Sleep disturbances 38/72 (52.8)
Behavioral disorders 34/72 (47.2)
Depression 26/72 (36.1)
Anxiety 14/72 (19.4%)
Psychotic disorders 8/72 (11.1)

Continuous variables are presented as mean + SD with median (range), and categorical variables as number and percentage (n%). Stroke types
and etiologies are reported as n (%). Neuropsychiatric manifestations were assessed during follow-up, and patients could present more than one
symptom. IQR: interquartile range; NIHSS: National Institutes of Health Stroke Scale; SD: standard deviation; n: number of patients; %: percent-
age.
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Table 2. Relationship Between the Degrees of Severity of the Cerebrovascular Event Using the NIHSS Scale and Neuropsychiatric

Manifestations

Neuropsychiatric manifestation NIHSS severity Frequency P-value?
Depression No deficit, n (%) 0(0) 0.155
Mild, n (%) 6 (23.08)
Moderate, n (%) 12 (46.15)
Moderate to severe, n (%) 2 (7.69)
Severe, n (%) 6 (23.08)
Anxiety No deficit, n (%) 2 (14.29) 0.065
Mild, n (%) 2 (14.29)
Moderate, n (%) 4 (28.57)
Moderate to severe, n (%) 2 (14.29)
Severe, n (%) 4 (28.57)
Psychotic disorders No deficit, n (%) 0(0) 0.577
Mild, n (%) 2 (25)
Moderate, n (%) 4 (50)
Moderate to severe, n (%) 0 (0)
Severe, n (%) 2 (25)
Sleep disturbances No deficit, n (%) 0 (0) 0.024*
Mild, n (%) 4(10.53)
Moderate, n (%) 24 (63.16)
Moderate to severe, n (%) 4(10.53)
Severe, n (%) 6 (15.79)
Cognitive impairment No deficit, n (%) 2 (5.26) 0.029*
Mild, n (%) 6 (15.78)
Moderate, n (%) 26 (68.42)
Moderate to severe, n (%) 0 (0)
Severe, n (%) 4(10.52)
Behavioral disorders No deficit, n (%) 0 (0) 0.003*
Mild, n (%) 2 (5.88)
Moderate, n (%) 26 (76.47)
Moderate to severe, n (%) 2 (5.88)
Severe, n (%) 4 (11.76)

aChi-square test. *Statistical significance. Chi-square test was used to assess associations between NIHSS severity categories and neuropsychiat-
ric symptoms. When expected cell counts were less than 5, Fisher’s exact test was applied to ensure validity of the results. n: number of patients;

NIHSS: National Institutes of Health Stroke Scale; %: percentage.

EPV (= 6) ratios were verified before model construction.
Multivariate analyses were therefore conducted only for de-
pression, cognitive impairment, behavioral disorders, and
sleep disturbances, as the limited number of events for anxiety
(n = 14) and psychotic symptoms (n = 8) precluded reliable
modeling.

Specifically, the depression model showed good fit (Hos-
mer-Lemeshow »? = 9.81, df = 7, P = 0.199) and explained
36.0% of the variance (Nagelkerke R? = 0.360). Models for
cognitive impairment (3> = 10.39, P = 0.168, R? = 0.194) and
behavioral disorders (x> = 11.27, P = 0.127, R? = 0.186) also
demonstrated acceptable calibration. However, the model for

sleep disturbances (x> = 20.19, P = 0.005, R? = 0.196) dis-
played poor fit and limited predictive accuracy. All predictors
included in the multivariate models had acceptable multicol-
linearity (VIF <5).

For depression, younger age (Exp(B) = 0.957, P = 0.046),
female sex (Exp(B) = 9.801, P < 0.001), and higher stroke se-
verity at admission (NIHSS, Exp(B) = 1.101, P = 0.010) were
significant predictors, indicating that depression was more fre-
quent among women and patients with more severe strokes,
while increasing age showed a protective effect (Table 4).

Regarding other outcomes, higher NIHSS scores were
also associated with a greater likelihood of sleep disturbances
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Table 3. Relationship Between the Severity of the Cerebrovascular Event Upon Admission and the Manifestation of Neuropsychi-

atric Disorders

Median (IQR)
Neuropsychiatric manifestation U2 z? P-value?
Affected group Control group

Depression 12 (6 - 18) 73.5-12) 2,437 2.451 0.014*
Anxiety 14 (3.75 - 20.5) 7(4-12) 1,363 1.539 0.124
Psychotic disorders 10.5 (6 - 20) 7(4-12) 789 1.040 0.299
Sleep disturbances 8(5-15) 6(33-11) 3,104 2.234 0.025%*
Cognitive impairment 12 (7 -15) 6(3-10) 2,978 1.575 0.115
Behavioral disorders 12 (7 - 16) 6(3-10) 3,098 3.068 0.002*

aMann-Whitney U test. *Statistical significance. The control group includes patients who did not present specific neuropsychiatric symptoms. IQR:
interquartile range; U: Mann-Whitney U test. Z: standardized test statistics.

(Exp(B) = 1.072, P = 0.047) and behavioral disorders (Exp(B)
=1.071, P=0.036). Additionally, female sex showed a signifi-
cant association with behavioral disorders (Exp(B) = 0.227,
P =0.012), suggesting a lower risk compared to men, where-
as shorter time to onset was related to cognitive impairment
(Exp(B)=0.997, P=0.037). The presence of > 3 comorbidities
did not independently predict any neuropsychiatric manifesta-
tion after adjustment for age, sex, stroke severity, and time to
onset (P> 0.05) (Table 4).

Discussion

Our research revealed a high frequency of neuropsychiatric
symptoms in individuals who have experienced a stroke, es-
pecially in those with a significantly high score on the NIHSS
score. During medical follow-up, more than 42% of partici-
pants presented some form of emotional, behavioral, cogni-
tive, or sleep disorder. This finding supports the growing evi-
dence that neuropsychiatric complications are one of the most
significant sequelae of stroke, with notable consequences on
quality of life, functional prognosis, and the burden on the
healthcare system [8].

A particularly relevant finding of the present study was the
significant association between neurological severity, meas-
ured using the NIHSS scale, and the onset of depression after a
stroke. As the NIHSS score increased, so did the likelihood of
the patient developing depressive symptoms. This correlation
is consistent with several studies that identify depression as
the most common neuropsychiatric complication after a severe

stroke. Recent research suggests that the rate of post-stroke
depression varies between 18% and 33% in the first year, even
in cases considered clinically mild or moderate [10, 20].

Dong et al [20] in their longitudinal study showed that in
patients with ischemic stroke and/or intracranial hemorrhage
classified as mild and moderate by NIHSS (NIHSS < 16), the
prevalence of depression was around 35.3% at 3 months, 24.9%
at 6 months, and remained stable at 25.7% at 12 months after
stroke. In contrast, the presence of depressive symptoms in our
study was highlighted in 36.11% of patients, with a frequency
of 46.15% in patients with moderate NIHSS. This trend and
dynamic depressive symptomatology suggest that depression
after a cerebrovascular event tends to persist beyond 6 months
in patients classified as mild and moderate severity.

Similarly, Yan et al [21] conducted a case-control study
in 2025 determining the correlation between the NIHSS score
and the risk of post-stroke depression. The findings of their
study, involving a total of 172 patients with acute cerebral in-
farction, established that the baseline NIHSS score correlates
positively with the 3-month risk of depression after an infarc-
tion (P <0.05), and multivariate logistic regression reveals that
sex (OR =2.168, 95% CI 1.038 - 4.526), NIHSS (OR = 1.164,
95% CI 1.022 - 1.325), and neuron-specific enolase (OR =
1.180, 95% CI 1.037 - 1.343) were independent factors for this
outcome. In contrast, in our study, multivariate analysis using
logistic regression showed that female sex (P < 0.001, Exp(B)
=9.801) and NIHSS on admission (P=0.011; Exp(B)=1.101)
were independent factors correlated with the onset of depres-
sive symptoms.

It has been suggested that lesions in areas such as the

Table 4. Association Between Clinical Variables and the Presence of Neuropsychiatric Manifestations in Patients With Cerebrovas-

cular Events

Neuropsychiatric Age, P-value  Female sex, P-  Time to onset in days, NIHSS score at admis- Presence of >3 comor-
manifestation (Exp(B))* value (Exp(B))* P-value (Exp(B))? sion, P-value (Exp(B))* bidities, P-value (Exp(B))?*
Depression 0.046* (0.957) <0.001* (9.801) 0.581 (1.000) 0.010* (1.101) 0.607 (1.385)

Sleep disturbances 0.265 (1.022)
0.593 (1.010)

0.320 (0.980)

0.521 (0.699)
0.211 (1.978)
0.012* (0.227)

Cognitive impairment

Behavioral disorders

0.074 (1.002)
0.037* (0.997)
0.118 (1.001)

0.047* (1.072)
0.602 (0.985)
0.036* (1.071)

0.168 (2.068)
0.596 (0.761)
0.845 (0.903)

aBinary logistic regression. *Statistical significance. Exp(B): adjusted odds ratio; NIHSS: National Institutes of Health Stroke Scale.
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frontal lobe, basal ganglia, and limbic system may alter the
transmission of neurotransmitters such as serotonin and no-
radrenaline, reducing neuroplasticity and facilitating the onset
of depressive symptoms. It has also been observed that sys-
temic inflammation and the activation of proinflammatory cy-
tokines may increase emotional vulnerability in these patients,
highlighting the need for a multimodal approach that includes
both neurobiological and psychosocial factors [22, 23]. Con-
sequently, the observed relationship between NIHSS and neu-
ropsychiatric outcomes may not be causal, but rather a result of
collinearity of anatomical lesion burden, anatomical location,
and functional disability.

Another significant finding of this study was the detec-
tion of sleep disorders, which were statistically associated
with stroke severity. It is estimated that between 30% and 70%
of patients who have suffered a stroke experience some type
of sleep disorder, with insomnia, sleep apnea, and circadian
rhythm disturbances being the most prominent [24-26]. Sleep
disturbances not only cause discomfort, but also negatively
affect neuro-recovery. Research has shown that patients who
experience sleep disorders after a stroke have a less favora-
ble neurological prognosis, a higher probability of relapse, and
progressive cognitive impairment [26, 27].

In their cross-sectional study, Kim et al [28] investigated
the prevalence of sleep disorders and their influence on the
prognosis after acute cerebral infarction using the NIHSS at
7 days (NIHSS-7) and the modified Rankin scale at 3 months
(mRS-3). Their results in a total of 241 patients showed that
the NIHSS-7 scale is associated with the optimized sleep ap-
nea scale for stroke (SOS) (standardized f = 0.281, P < 0.001)
and mRS-3 with the Korean Insomnia Severity Index (ISI-K)
(standardized B = 0.219, P = 0.001) and with SOS (standard-
ized p=0.171, P=0.011) [28].

In contrast, our research revealed that patients with sleep
disturbances had a median severity of 8 (IQR: 5 - 15), com-
pared to 6 (IQR: 3 - 11) in the control group (U = 3,104, Z =
2.234, P = 0.025). The use of multivariate logistic regression
showed that the NIHSS at admission correlates with the onset
of sleep disturbances (P = 0.047; Exp(B) = 1.072).

Behavioral disorders were identified as one of the most
frequent changes in study participants, especially among those
who suffered a moderate to severe stroke. Irritability, difficulty
concentrating, emotional instability, and agitation are common
manifestations resulting from lesions in the frontal, orbitofron-
tal, and limbic structures. These areas are directly linked to
behavior control and decision-making [8, 29]. Such alterations
can significantly complicate the rehabilitation process, gener-
ate conflicts in interpersonal relationships, and increase the
burden on caregivers, so it is vital to identify them early in
order to implement behavioral and psychosocial management
strategies.

Sensenbrenner et al [30] evaluated the frequency of social
cognition disorders 3 years after a first ischemic stroke event
and, in their population of 43 patients with an NIHSS of 0 +
1 (interquartile range), 21 patients (46.5%) had poor results in
the facial emotion subtest, a factor associated with low edu-
cational attainment (P < 0.001). Fourteen (34.2%) scored low
on the faux-pas recognition subtest, a factor associated with

episodic memory disorders (P < 0.01). These results point to
the high frequency of social cognitive impairment after a first
ischemic event in young patients.

Our research revealed similar results in terms of frequen-
cy; approximately 47.22% of patients presented behavioral
disorders. The Mann-Whitney U test in those with behavioral
disorders showed a median of 12 (IQR: 7 - 16) compared to
6 (IQR: 3 - 10) in the control group (U = 3,098, Z = 3.068,
P =0.002). Likewise, multivariate logistic regression analysis
demonstrates a statistically significant correlation between the
NIHSS score at admission and behavioral disorders (P = 0.036;
Exp(B) =1.071).

As for post-stroke anxiety, although its frequency was
lower compared to other symptoms, its clinical relevance
should not be ignored. Although in this study the relationship
with stroke severity was not statistically significant, previous
studies have shown that up to 25-30% of patients may experi-
ence symptoms of anxiety during the acute or subacute phase
of stroke [31, 32]. Anxiety after a stroke is more associated
with personal factors such as age, psychiatric history, stressful
life experiences, or lack of social support, rather than the loca-
tion or severity of the brain injury.

These findings were demonstrated by Zhang et al [33]
in their retrospective study using multivariate analysis with
logistic regression, which elucidated the factors influencing
the development of anxiety. Among these, educational level,
underlying diseases, income, and rural residence were statisti-
cally associated with its onset (P < 0.05). This lack of connec-
tion with neurological severity supports the idea that its origin
could be more related to psychological reactions than to direct
structural damage.

In a cross-sectional study conducted by Ahmed et al [34]
during the COVID-19 pandemic, which included 50 partici-
pants, post-stroke depression was evident in 36% of patients
and post-stroke anxiety in 32%; multivariate analysis with lo-
gistic regression showed that the NIHSS (OR: 1.58, 95% CI:
0.74 -3.37; P=0.01) is significantly associated with the devel-
opment of post-stroke depression. However, post-stroke anxi-
ety was related to thyroid-stimulating hormone (TSH) level
(OR: 8.32, 95% CI: 1.42 - 47.23; P = 0.02) and discontinua-
tion of rehabilitation (B: -0.96, 95% CI: 1.90 - 0.02; P = 0.04).
In contrast, in our study, no significant association was found
between NIHSS score and the development of anxiety (P =
0.124), which aligns with previous evidence suggesting that
post-stroke anxiety may be more influenced by psychosocial
rather than neurological factors.

An interesting finding was the lack of significant correla-
tion between cognitive impairment and stroke severity, which
may seem paradoxical. However, this perspective is consistent
with research suggesting that post-stroke cognitive impairment
depends more on the anatomical location of the damage than
on the amount of tissue affected [35, 36]. Furthermore, the ex-
istence of previous brain damage or limited cognitive reserve
prior to the event may have a crucial influence on the onset
and progression of cognitive impairment, especially in older
people or those with concomitant vascular diseases.

Long-term studies have shown that cognitive impairment
can persist or even worsen at 3, 6, and 12 months after stroke,
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regardless of the initial NIHSS score. Li et al [37], in a ret-
rospective case-control study, analyzed the risk factors and
characteristics of cognitive impairment in 183 patients with
ischemic cerebral infarction. A multiple logistic regression
analysis was used, and statistically significant differences (P <
0.05) were found between the cognitive impairment group and
the normal cognition group, highlighting age > 65, presence of
stroke, atherosclerotic plaques in carotid arteries, NIHSS score
> 5, anterior circulation infarction, and presence of multiple
infarction lesions as risk factors for cognitive impairment.

Similarly, Koton et al [38] demonstrated that the risk of
developing dementia increased with the number and severity
of strokes. The hazard ratio (HR) adjusted risk of dementia
was 1.76 (95% CI, 1.49 - 2.00) in asymptomatic to mild stroke,
3.47 (95% CI, 2.23 - 5.40) for moderate to severe stroke, 3.48
(95% CI, 2.54 - 4.76) for two or more minor to mild strokes,
and 6.68 (95% CI, 3.77 - 11.83) for two or more moderate to
severe strokes. In our research, the time of onset of the cer-
ebrovascular event showed a significant inverse relationship
only with cognitive impairment (P = 0.037; Exp(B) = 0.997).
The NIHSS score, age, and female sex did not reveal statisti-
cally significant results (P > 0.05) in terms of the risk of cogni-
tive impairment.

Finally, psychotic symptoms were rare in the study group,
which is consistent with the literature, which reports a preva-
lence of 1-3% in the post-stroke phase [8]. Hallucinations and
delusions are often related to lesions in the right hemisphere,
especially in the temporoparietal areas, and tend to be more
common in patients with a history of psychiatric disorders,
previous cognitive impairment, or advanced age [8, 39].

Although the prevalence of neuropsychiatric disorders in
patients with cerebrovascular disease is relatively high, there
are a limited number of case reports describing psychotic
symptoms following the development of a cerebral ischemic
event [40]. In general, the onset of this condition has been re-
ported a few days after the vascular event and tends to disap-
pear in the following days [41]. In our research, multivariate
analysis did not determine statistically significant associations
for the development of psychotic disorders in the population.

Strength and limitations

This study presents several methodological strengths that re-
inforce the reliability of its findings. The analysis was based
on a well-defined cohort of consecutively treated patients with
cerebrovascular events confirmed by neuroimaging, mini-
mizing selection inconsistencies. The strict inclusion and ex-
clusion criteria, the standardized extraction of data by inde-
pendent reviewers, and the adherence to STROBE guidelines
ensured methodological transparency and internal consistency.
Furthermore, the application of robust statistical procedures,
including the verification of EPV ratios, multicollinearity di-
agnostics, and model calibration tests, enhances the credibility
of the multivariate analyses.

However, certain limitations should be acknowledged.
The retrospective nature of the study relies on the accuracy
and completeness of medical records, which may limit the uni-

formity of neuropsychiatric assessments. The follow-up dura-
tion was heterogeneous among participants, which could have
influenced the timing of symptom detection. Neuropsychiatric
outcomes were identified from clinical documentation and,
when explicitly stated, based on DSM-5 diagnostic criteria.
However, the absence of standardized psychometric assess-
ments may have led to underrecognition of mild or subclinical
manifestations. Finally, as a single-center study conducted in
a tertiary care setting, the findings may not be fully generaliz-
able to other healthcare contexts or community populations.
Despite these constraints, the study provides a solid, meth-
odologically consistent contribution to understanding the link
between neurological severity and neuropsychiatric sequelae
following stroke.

Conclusion

The findings of this study underscore the prognostic relevance
of early clinical indicators, particularly neurological severity,
in anticipating post-stroke neuropsychiatric outcomes. Inte-
grating systematic neuropsychiatric evaluation into the acute
management of stroke may enable the early identification of
patients at higher risk for depression, behavioral disorders,
and cognitive impairment. Establishing standardized detection
protocols and timely multidisciplinary interventions could en-
hance long-term recovery, improve quality of life, and reduce
the overall burden of post-stroke disability in Hispanic popula-
tions.

Future studies should use a potential, multicenter study
design and neuroimaging biomarkers to analyze the causal
pathways between brain lesion burden, location, and neuropsy-
chiatric sequelae. Studies should compare lacunar strokes and
non-lacunar strokes because of differences in pathophysiology,
prognosis, and neuropsychiatric profile. Data show that lacu-
nar infarctions because of small penetrating arteries in deep
brain regions have different cognitive and emotional effects
from non-lacunar stroke [37]. Differentiating the subtypes of
stroke may help guide rehabilitation and secondary preven-
tion. Other factors such as inflammatory markers, neuroendo-
crine response to stress, and genetic factors may stratify risk
for post-stroke psychiatric sequelae.
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