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Carotid artery stenosis (CAS) is a significant health problem associated with poor cerebral perfusion,
which might negatively affect patients’ psychological, physical, and cognitive health status. This
study aimed to examined the relationship between CAS, cognitive status, and quality of life (QoL)
among patients with CAS. A cross-sectional study was recruited a convenience sample of 140 adults
(=18 years) diagnosed via Doppler ultrasound with CAS of =210% severity from two tertiary hospitals in
Jordan. Exclusion criteria included patients who had undergone CAS revascularization procedures and
those with confirmed psychiatric disorders. Data was collected using three sections; demographic data,
the World Health Organization Quality of Life BREF, and the mini-mental state examination tools.
About 56.6% of the patients had moderate-severe CAS, and 87.1% had moderate-severe cognitive
impairment. A significant association was observed between CAS severity and cognitive impairment
(x?=33.91, p<0.001). Notably, 66% of patients with mild CAS exhibited moderate-to-severe cognitive
impairment, rising to 71.3% in those with moderate-to-severe CAS. The overall patents’ QoL was

poor while the highest mean was for psychological domain (58.86 + SD =16.15), and the lowest mean
was for physical domain (45.46 + SD =19.62). There was a significant impact of the level of cognitive
impairment on physical health [F (138)=5.31, p<0.01, n?=0.072], psychological health [F (138)=7.05,
p<0.01, n?=0.093], and total QoL score [F (138) =4.59, p<0.05, n?=0.063]. The hierarchical regression
revealed that cognitive status does significantly affect QoL, with severe cognitive impairment being
associated with worse QoL. After controlling for sociodemographic variables, severe CAS (B=-0.273,
p=0.015) and severe cognitive impairment (B =-0.291, p=0.007) were associated with poor QoL.
Patients with CAS exhibited moderate cognitive impairment and reduced QolL, particularly in
psychological and social domains. Integrating routine cognitive assessments into clinical evaluations is
critical to guide holistic care addressing both vascular and cognitive health. Further interventions are
required to reduce the potential for cognitive decline while also enhancing patients’ QoL, particularly
by improving emotional well-being, daily functioning, and social engagement.
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Carotid artery stenosis (CAS) is a major vascular condition characterized by the progressive narrowing of
the carotid arteries due to atherosclerosis?. This narrowing compromises cerebral blood flow and increases
the risk of stroke, transient ischemic attacks (TIAs), and other cerebrovascular events>*. While CAS is widely
recognized for its impact on cardiovascular and neurological outcomes’, emerging evidence suggests that it
may also contribute to cognitive decline, even before overt cerebrovascular events occur®’. Chronic cerebral
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hypoperfusion and microembolization; which commonly associated with CAS; have been implicated in cognitive
dysfunction, raising concerns about its potential impact on QoL among affected individuals®-2.

Quality of life is a multidimensional concept encompassing physical health, psychological well-being,
social relationships, and environmental factors. Research suggests that cognitive impairment may negatively
affect various aspects of daily living, including autonomy, mental health, and overall life satisfaction’. Several
studies have explored the link between CAS and cognitive impairment, particularly in patients with severe
stenosis (=70%), demonstrating that significant carotid artery calcification is associated with measurable
declines in cognitive function®!?. However, most of these studies have focused on cognitive changes following
revascularization procedures, such as carotid endarterectomy or stenting, with limited research on the cognitive
and QoL burden in pre-surgical CAS patients®®10-13,

Understanding the cognitive and QoL implications of CAS beside other co-morbidities such as hypertension
and diabetes is particularly relevant in populations with a high burden of cardiovascular diseases!*!>. In Jordan,
where chronic illnesses such as hypertension, diabetes, and cardiovascular disease are prevalent, CAS is likely a
significant yet underexplored contributor to cognitive impairment and diminished QoL!¢-%°. Despite the growing
recognition of the importance of cognitive function in vascular diseases®*!~23, studies specifically addressing the
relationship between CAS and QoL in Jordan remain limited. Given the complex interplay between cognitive
status and various QoL domains, there is a need for research that examines how cognitive impairment affects
the daily lives and well-being of CAS patients, particularly before surgical intervention. Specifically, in Jordan as
there a substantial proportion of Jordanian patients contend with chronic illnesses and the elderly often present
with comorbidities?*?> which could be contribute to the observed high percentage of CAS. Therefore, this study
aimed to investigate the relationship between CAS, cognitive status, and QoL among pre-surgical patients with
CAS.

Method
Design
Analytical cross-sectional design was utilized.

Setting

The study was conducted in two major Jordanian hospitals: one public and one military. The public hospital has
a total capacity of 1101 beds across four centers covering 35% of Jordanian population, including a specialized
cardiac center with 110 beds with an annual admittance rate of 25,000 patients®. Similarly, the military hospital
has 1414 beds distributed among nine centers covering 27% of Jordanian population with an annual admittance
rate of 25,000 patients and dedicated cardiac center housing 130 beds. Both hospitals provide comprehensive
cardiac and vascular care for inpatients and outpatients, offering multidisciplinary services for CAS patients,
including diagnosis, treatment, and follow-up within internal medicine and cardiology units*.

Sample and sampling

A convenience sampling method was employed to recruit participants due to feasibility constraints, including
limited access to a broader patient population and logistical challenges in implementing a probabilistic sampling
approach such as stratified random sampling. While convenience sampling is susceptible to selection bias and
limits the generalizability of findings, it was necessitated by the limited availability of eligible patients and the
need for timely data collection in clinical settings.

The sample size was determined a priori using G*Power 3.1 software for a one-way ANOVA (fixed effects,
omnibus) test. Parameters were set as follows: effect size f=0.3, alpha=0.05, and power =0.80 (two-tailed). The
effect size of 0.3 was selected based on Cohen’s conventions for a moderate effect size and supported by previous
studies reporting moderate associations between CAS severity and cognitive decline!®?*?. Determine the value
of alpha at 0.05 and power at 0.80 aligns with standard statistical practice to minimize Type I and Type II errors
in clinical research®. This calculation yielded a required minimum of 111 participants. Accounting for a 10%
attrition rate, the final calculated sample size was 122 patients. Ultimately, 140 participants were recruited to
enhance robustness.

Inclusion criteria comprised adults aged > 18 years with CAS confirmed by Doppler ultrasound, defined as
>10% stenosis in the internal carotid artery (unilateral or bilateral) according the North American Symptomatic
Carotid Endarterectomy Trial (NASCET) criteria with no upper age limit was applied. The exclusion criteria
were (1) patients who underwent carotid revascularization (e.g., endarterectomy, stenting) within the past
6 months were excluded to minimize confounding effects from acute post-procedural recovery or transient
cognitive changes associated with surgery (MRC Asymptomatic Carotid Surgery Trial Collaborative®!2. (2)
Patients with a documented history of any psychiatric disorders, including schizophrenia, bipolar disorder, and
major depressive disorder with psychotic features, were excluded. These diagnoses were determined based on
medical records and physician documentation.

Measuring CAS
Various diagnostic methods for CAS include magnetic resonance angiography, computed tomography
angiography, and digital subtraction angiography. However, carotid Doppler ultrasound remains the most
accessible, cost-effective, and non-invasive diagnostic tool for initial screening and monitoring®. Carotid
Doppler ultrasound assesses stenosis severity by measuring blood flow velocity changes, which correlate with
the degree of narrowing in the carotid artery. Peak systolic velocity (PSV) and end-diastolic velocity (EDV) are
key parameters used to estimate stenosis severity, with higher velocities indicating more significant narrowing.
The direct measurement of carotid stenosis via Doppler ultrasound provides a straightforward, rapid,
and reliable approach®’. Unlike methods requiring ratio calculations, such as the NASCET (North American
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Symptomatic Carotid Endarterectomy Trial) method, direct ultrasound measures reduce variability arising from
differences in distal internal carotid artery size among patients. Additionally, Doppler ultrasound allows for the
classification of carotid stenosis severity, with the NASCET-style ratio categorizing stenosis as mild (<59%),
moderate (50-69%) or severe (=70%)3%4,

Instruments
In addition to the demographic questionnaire, two tools were used to collect data.

World Health Organization Quality of Life-BREF (WHOQOL-BREF)

The WHOQOL-BREF questionnaire includes 26 questions of four domains: physical health, psychological
health, social relationships, and environmental health. The first two questions were related to the overall QoL.
The first domain was about physical health and included seven items (3, 4, 10, 15, 16, 17, 18). The second domain
is about psychological health and includes six items (5, 6, 7, 11, 19, 26). The third domain was about social
relationships, including three questions (items 20, 21, 22). The Fourth domain was about environmental health,
including eight items (8, 9, 12, 13, 14, 23, 24, 25)3>. All items were asked participants to report their experiences
in the last 2 weeks to capture recent physical, psychological impacts of CAS on their QoL. Each item is rated on
a 5-point Likert scale. Each item has scored from 1 denoted the minimum effects to 5 denoted the maximum
effects on a response scale. The result of WHOQOL-BREF ranged from 4 to 20, and the domain scores were
calculated by multiplying the mean domain score by a factor of 4%. The possible total score of WHOQOL-
BREF ranged from 26 to 130; the higher total scores reflected a higher QoL. For the four domains of QoL,
physical health has a raw score between 7 and 35; psychological health has a raw score between 6 and 30; social
relationships have a raw score between 3 and 15; and environmental health has a raw score between 8 and 40.
Furthermore, a transformed score for QoL ranged between 0 and 100 was used, with lower transformed scores
revealed a poor QoL. This questionnaire is available in the Arabic language which validated in various diseases
with a Cronbach’ alpha ranged from 0.7 to 091%7-%°. In the current study, reliability was 0.86.

The mini-mental state examination (MMSE)

It is a comprehensive tool that systematically evaluates mental status through 11 questions assessing five
cognitive functions. These functions include orientation to time (year, month, day, date, and season), orientation
to place (country, town, state, hospital, and floor), registration of three given objects, attention, and calculation
by backward spelling or counting from 7 to 1, recall of the earlier three objects, language skills encompassing
various tasks like naming objects, repeating phrases, following commands, writing a sentence, and copying a
picture. One point was assigned for each correct answer. Scores ranged from 0 to 30, with cognitive impairment
defined as an MMSE score<23. The MMSE score categorized into no impairment (25-30), mild/moderate
impairment (11-24), and severe impairment (0-10)*°. The MMSE, created in 1975, is extensively validated and
utilized in research and clinical settings. It effectively discerns individuals with cognitive impairment from those
without and is instrumental in monitoring changes in cognitive status. This questionnaire is available in Arabic
language and has been validated in various countries, with a Cronbach’s alpha ranging from 0.71 to 0.824!-%4. In
the current study, reliability was 0.75. Use of the MMSE-Arabic version in this study was authorized through a
licensing agreement with Psychological Assessment Resources, Inc. (PAR), which holds the exclusive publication
and licensing rights to the MMSE.

Data collection

The study was approved by Institutional Review Board of Al-Zaytoonah University of Jordan and the selected
hospitals. After obtaining the approval, the researcher met with the head nurses at each location to explain
the study’s purpose and the inclusion and exclusion criteria. A list of eligible patients was requested from
the administrative unit of each hospital’s interventional radiology departments, cardiovascular clinics, and
vascular departments to determine when the patients had appointments. The intended participants were then
informed of the study’s purpose and all related ethical concerns. The names and appointments of in-patients and
outpatients with CAS were taken in the vascular clinics and interventional radiology departments. The researcher
interviewed outpatients upon arrival, and if they agreed to participate in the study, they were informed of all
the details related to the purpose of the study. A written consent form was signed, and the participants filled out
the questionnaire while waiting for the physician. In the case of in-patients, the researcher interviewed them in
their rooms after completing the Doppler ultrasound. These patients were informed about the study’s purpose
and permitted to complete the questionnaire while waiting for the ultrasound. All patients were requested to
complete the questionnaire using two tools. The first tool measured the patient’s QoL, which they could fill out
independently. The second tool measured the patient’s mental state, which the researcher completed by asking
them questions and writing their answers verbatim.

A total of 185 patients were approached and provided with questionnaires. Of these, 45 questionnaires were
excluded due to incomplete responses, resulting in a final sample of 140 patients (response rate was 75.7%).
The incomplete responses were attributed to feeling fatigue (n=18), or preparing for carotid stenting (n=23)
or endarterectomy (n=4), which limited their ability to complete the questionnaire. No incentives were offered
for participation, and patients completed the survey voluntarily. Finally, the patients were thanked for their
cooperation and participation. If patients were unable to read or write, they were initially assisted by a family
member or a researcher. However, all patients who required assistance ultimately incomplete the survey
responses due to fatigue (n=18) and they were excluded from the analysis.
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Data analysis

Analysis was conducted using the Statistical Package for the Social Sciences (SPSS) version 26. Descriptive
statistics were employed for categorical variables, including frequency, percentages, mean, standard deviation,
minimum, and maximum. The Pearson correlation test was used to examine the relationship between MMSE
scores (independent variable) and total QoL scores (dependent variable). To further analyze the impact of
different levels of cognitive status on QoL, a one-way ANOVA was conducted, with cognitive status categorized
into mild, moderate, and severe as the independent variable and total QoL score as the dependent variable.
Similarly, a separate one-way ANOVA was performed to compare differences in total QoL scores across different
levels of CAS severity. Post-hoc Bonferroni tests were applied to identify specific group differences when ANOVA
results were significant. Chi-square test was used to compare the frequency distribution between different levels
of cognitive status and the severity of CAS to identify potential associations between these categorical variables.
Multivariate analysis was performed using linear regression to assess the effect of cognitive status and CAS
severity on QoL while controlling for sociodemographic variables. The continuous variables (e.g. total QoL)
were normally distributed (shaper test>0.05). The statistical significance was determined at a p value of <0.05.

Result

The study included participants with a mean age of 61.72 years (+ SD=12.27), ranging from 26 to 85 years.
Most patients were male (59.3%), and all participants were married. Most participants had up to secondary
level education (51.4%) and when they asked to self-report whether they have sufficient household income
(>168 JOD =~237$/person/month) or insufficient household income (<168 JOD =237$/person/month) as
the sufficient household income in Jordan is defined as an income greater than 168 JOD (approximately 237
USD) per person per month (46). Most of them (52.1%) indicated that they had insufficient household income.
All participants had chronic illnesses, with the majority have health insurance coverage. The most common
comorbidities were diabetes mellitus (DM), hypertension (HTN), and transient ischemic attack (TIA) (36.9%),
followed by hypertension and cerebrovascular accident (CVA) (23.8%) (Table 1).

The number of patients who had mild CAS was 53 (43.4%) while the most of them had moderate-severe
CAS (56.6%). The mean of MMSE score was 16.2 (£ SD =3.46). According to MMSE classification scores, most
patients (87.1%) had moderate-severe risk for cognitive impairment. A significant association was observed
between CAS severity and cognitive impairment scores (x>=33.91, p<0.001). Notably, 66% of patients with
mild CAS exhibited moderate-to-severe cognitive impairment, rising to 71.3% in those with moderate-to-severe
CAS (Table 2).

Table 3 shows the descriptive statistics for the four domains of QoL. The highest mean is for psychological
health (58.86 + SD=16.15), and the lowest mean is for physical health (45.46+SD =19.62). The mean score for
the total QoL is (52.91+SD=13.97) reflecting that our patients had poor QoL, where the minimum score is
(22.32%) and the maximum score is (91.41%) (Table 3).

Variable Mean |SD | Min-Max ([N | %
Age 61.72 | 12.27 | 26-85

Gender

Male 83 |[59.3
Female 57 |40.7

Educational level

Primary 46 | 329
Secondary 72 |514
Undergraduate and postgraduate 22 157
Income

Sufficient household income 67 | 479
Insufficient household income 73 | 521
Insurance

Health insurance coverage 114 | 81.4
No health insurance coverage 26 |18.6

Chronic illnesses*

DM & HTN & IHD 18 | 69
DM & HTN & CVA 44 | 169
HTN & CVA 62 |238
DM & HTN & Retinal Artery 40 15.4
Occlusion

DM & HTN & TIA ‘ ‘ ‘ ‘ 96 ‘ 36.9

Table 1. Sociodemographic and clinical variables of patients with CAS recruited from two major hospitals
in Jordan in 2024 (N =140). DM diabetes, HTN hypertension, CVA cerebral vascular accident, IHD ischemic
heart disease, TIA transient ischemic attack. *Patient can choose more than one option.
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Level of cognitive status
CAS severity level No-mild N=18 | Moderate-severe N=122 | Total p value
Mild CAS (N=53) 18 (34%) 35 (66%) 53 (37.9%) <0001
Moderate-severe CAS (N=87) | 0 87 (71.3%) 87 (62.1%)

Table 2. Descriptive statistics of cognitive status among patients with CAS recruited from two major hospitals
in Jordan in 2024 (N = 140). X2 Chi-square test.

Variables Mean | SD 95% CI lower-upper | Min-Max
Standardized total physical scale 45.46 | 19.62 | 42.28-48.84 14.29-100
Standardized total psychological scale | 58.86 | 16.15 | 56.17-61.57 25-100
Standardized total social scale 57.73 | 16.83 | 54.92-60.55 16.67-100
Standardized total environmental scale | 49.48 | 16.43 | 46.74-52.23 12.5-90.63
Standardized total Quality of Life scale | 52.91 | 13.97 | 50.58-55.25 22.32-91.41

Table 3. Descriptive statistics of QoL among patients with CAS recruited from two major hospitals in Jordan
in 2024 (N =140). Higher scores (closer to 100) indicate better quality of life. Lower scores (closer to 0) reflect
poor quality of life.

Level of cognitive status (M+SD) | Total physical | Total Psychological | Total social | Total environmental | Total QoL
Mild 52.8 (19.9) 59.3 (11.2) 64.8 (13) 47.9 (19.4) 56.2 (14)
Moderate 45.5(19.2) 59.9 (16.3) 57 (17.4) 50.2 (16.2) 53.2(13.8)
Severe 21.4(1.1) 33.3(1.3) 50 (1.8) 37.5(1.2) 35.6 (1.7)
F-value 5.310 7.055 2.278 1.547 4.590

Df 2 2 2 2 2

p value 0.006 0.001 0.106 0.217 0.012*

Eta squared 0.072 0.093 0.032 0.022 0.063

Table 4. Relationship between QoL and level of cognitive status among patients with CAS recruited from
two major hospitals in Jordan in 2024 (N =140). F ANOVA test, df degree of freedom, M mean, SD standard
deviation.

A one-way ANOVA was conducted to compare the impact of cognitive impairment on QoL at four domain
scores and the total QoL score for mild, moderate, and severe cognitive impairment. The results showed a
significant effect of the level of cognitive impairment on the physical health [F (138)=5.31, p<0.01, n?=0.072],
psychological health [F (138) =7.05, p<0.01, 1?=0.093], and total QoL score [F (138)=4.59, p<0.05, n?=0.063].
However, there were no significant effects on the level of cognitive impairment in social relationships [F
(138)=2.27, p>0.05, n>=0.032] and environmental health [F (138) =1.54, p>0.05, n>=0.022] (Table 4).

Post-hoc comparisons using the Bonferroni test showed mild cognitive impairment (M =52.77 £ SD =19.88)
was significantly higher than severe cognitive impairment (M=21.42+SD=5.52). Furthermore, in the
psychological subscale, the mean score for mild cognitive impairment (M =59.25+SD =11.21) was significantly
higher than for severe cognitive impairment (M =33.33 + SD =5.52). For the overall QoL score, the mean score for
mild cognitive impairment (M =56.19+SD =13.99) was significantly higher than severe cognitive impairment
(M=35.56+SD=5.50). However, there are no significant differences between other cognitive levels and QoL
subscales (p <0.05). Overall, severe cognitive impairment has a higher impact on poor physical, psychological,
and overall QoL than mild cognitive impairment among patients with CAS. Additionally, the level of cognitive
impairment does not significantly affect social relationships and environmental health (Table 4).

A hierarchical linear regression was conducted to analyze the effect of the cognitive status and level of CAS
on total QoL with adjusting for sociodemographic variables. The first regression model consisted of participants’
age, gender, education level, income, and insurance coverage to predict QoL. While the second model level of
CAS and cognitive status to predict QoL. The data met the assumption of independent errors (Durbin-Watson
value =1.74) and the normality of unstandardized residual (Shapiro-Wilk test p<0.01). The overall regression
for the first model predicted approximately the variance in total QoL (R?>=0.220, F (5,134)=7.556, p<0.01).
patients’ age, gender, having insurance, income and CAS predicted approximately 20% of the variance in total
QoL. However, only the age, education level, and insurance coverage were significant predictor of total QoL.
Older patients (p=-0.291, p<0.01), primary educational level (=-0.256, p=0.01), and had no insurance
(B=-0.12, p=0.001) were associated with poor QoL (Table 5).

In the model two, the factors predicted approximately 39% of the variance in QoL (R®>=0.394, F
(7,132)=12.244, p<0.01). Only the gender, education, insurance coverage, CAS severity, and cognitive status
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Model 1

Age -0.291 | <0.001
Gender -0.160 | 0.046
Education 0.220 | F(5,134)=7.556, p<0.001 | -0.256 | 0.001
Income -0.092 | 0.286
Insurance coverage -0.283 | 0.001
Model 2

Age -0.032 | 0.705
Gender -0.166 | 0.021
Education -0.378 | <0.001
Income 0.394 | F(7,132)=12.244, p<0.001 | —0.099 0.200
Insurance coverage -0.173 | 0.024
CAS severity -0.273 0.015
Cognitive status 0.291 0.007

Table 5. Predictors of QoL among patients with CAS recruited from two major hospitals in Jordan in 2024
(N'=140). *p<0.05, **p <0.01, B: standardized coefficient.

were significantly predicted cognitive status. Have no insurance coverage (f=-0.173, p=0.024), and severe
CAS (B=-0.273, p=0.015), severe cognitive impairment (fp=-0.291, p=0.007) were associated with poor QoL
(Table 5).

Discussion

Our findings revealed that 87 (62.1%) of patients exhibited moderate to severe stenosis. These patients require
urgent interventions to prevent further complications®®. Our results revealed that most patients had moderate to
severe risk for cognitive impairment. This finding aligned with previous literature indicating that increased CAS
levels are associated with poor cognitive status®**®. However, while some studies suggest cognitive improvement
following carotid revascularization, others report no significant change or even potential cognitive decline
post-intervention'>*”#8, The variation in findings could be relied on several factors such as differences in
sample characteristics, follow-up duration, and assessment tools used to measure cognitive function. Future
research should further explore these inconsistencies and identify patient subgroups most likely to benefit from
intervention.

Mechanistically, the observed relationship between cognitive impairment and QoL may be explained by
neurovascular pathways. Chronic hypoperfusion due to carotid stenosis can lead to cerebral ischemia, affecting
executive function, processing speed, and memory (6-8). Additionally, the interplay between vascular pathology
and neuroinflammation could contribute to cognitive decline, which in turn impacts daily functioning and
psychological well-being®”. This warrants further investigation into potential biomarkers or neuroimaging
studies to confirm the underlying mechanisms.

The current study revealed that CAS was associated with QoL, particularly in the psychological and social
health domains. Previous studies have similarly reported decreased QoL and heightened psychological distress,
including anxiety and depression, in patients with carotid stenosis®”*. While Piegza et al.® reported that 12% of
CAS patients had anxiety and 14% had depression, attributing poor QoL solely to these conditions oversimplifies
the issue. Our study demonstrates that the impact of cognitive status on an individual’s QoL spans all domains,
which was a positive correlation that means improving cognitive status leads to improvement in all domains
of QoL. Poor cognitive status often necessitates assistance in daily living activities and can lead to emotional
challenges like anxiety and depression®’. QoL is a multidimensional construct influenced by physical disability,
treatment burden, financial stress, and healthcare accessibility”->°. A more holistic approach to patient assessment
and management is necessary to address these diverse contributors to QoL. Notably, the psychological impact
may be link to vascular depression theories, which suggest that cerebrovascular dysfunction contributes to
depressive symptoms due to disrupted front-subcortical circuits®'.

The social health impact may stem from the reduced independence and mobility associated with cognitive
decline and cardiovascular symptoms, which hinder social participation®. Although Jordanian culture promotes
strong social support networks, these may not fully alleviate the negative psychological and social consequences
of carotid stenosis. In Jordan, family and community ties play a crucial role in patient care, with relatives often
taking on caregiving responsibilities and providing emotional and financial support®>. However, the burden of
caregiving can lead to stress and fatigue among family members, potentially diminishing the quality of support
received by the patient>*>>. Additionally, social stigma surrounding chronic illness and cognitive impairment
may discourage patients from openly discussing their struggles, further exacerbating psychological distress®.
Future qualitative research could provide deeper insights into patient experiences within this sociocultural
context, exploring how traditional support systems interact with the challenges posed by carotid stenosis and
cognitive decline.

In contrast to the broad claim that cognitive impairment affects all domains of QoL, it is important to recognize
that our study establishes only an association rather than causation. QoL is influenced by multiple factors, including

Scientific Reports |

(2025) 15:19639 | https://doi.org/10.1038/s41598-025-04004-5

nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

age, socioeconomic status, pre-existing mental health conditions, and comorbidities'***>’. These confounding
variables may partially explain the observed relationship between cognitive function and QoL. In the Jordanian
context, socioeconomic disparities play a significant role in healthcare accessibility, with patients from lower-income
backgrounds often facing barriers to timely diagnosis and intervention*>>®%. Additionally, variations in education
levels may influence health literacy, affecting how patients perceive and manage their cognitive symptoms!®>,
Mental health stigma remains prevalent in Jordan, potentially discouraging individuals from seeking psychological
support, which may further impact QoL. Given these considerations, future research should employ longitudinal
designs and adjust for these confounding factors to better understand the complex interplay between cognitive
impairment and QoL in Jordanian patients with carotid stenosis. Also, clinicians should adopt a comprehensive,
multidisciplinary approach to addressing cognitive, psychological, and social challenges in this patient population.

Implication for clinical practice, research, and education

The findings underscore the necessity of integrating cognitive health assessments into routine clinical care for CAS
patients, particularly through standardized tools like MoCA or MMSE during pre-intervention evaluations. Early
identification of cognitive impairment can guide personalized interventions, such as cognitive rehabilitation and
vascular risk management, to preserve function and improve QoL. Clinicians (nurses and physicians) should adopt
interdisciplinary care models that bridge vascular and cognitive health, fostering collaboration between neurologists,
cardiologists, and neuropsychologists. Concurrently, research should prioritize elucidating mechanisms linking
CAS to cognitive decline (e.g., hypoperfusion) and evaluate therapies targeting these pathways. Longitudinal
studies tracking post-revascularization cognitive trajectories are also critical to refine rehabilitation strategies.

For education, CAS-related cognitive health modules must be embedded into medical curricula, with
continuing professional development workshops to enhance clinicians’ competency in interpreting assessments
and addressing patient-reported outcomes like autonomy and psychological well-being. Policymakers must
mandate cognitive screening in CAS management guidelines and allocate resources for community-based early
monitoring programs to mitigate long-term disability costs. A unified, multi-sectoral approach including clinical
practice, research, education, and policy; is essential to address the dual burden of vascular and cognitive morbidity
in CAS, ultimately improving patient outcomes and reducing societal impact.

Limitations

This study has some limitations. The use of convenience sampling may have introduced selection bias, potentially
leading to an overrepresentation of patients with better functional status or healthcare access. Additionally,
cognitive function was assessed using validated scales, but the potential for reporting bias and ceiling effects in
these tools should be acknowledged. The cross-sectional nature of our study prevents us from drawing conclusions
about changes in cognitive function or QoL over time. Future research should incorporate longitudinal designs and
objective neuroimaging measures to better understand these relationships.

Conclusion

Patients with CAS in this study exhibited moderate cognitive impairment and poor QoL, particularly in
psychological and social domains. These findings underscore the necessity of incorporating routine cognitive
assessments into clinical management to identify at-risk individuals early. Given the potential impact of cognitive
impairment on patients’ functional independence and emotional well-being, future research should explore targeted
interventions, such as cognitive training programs and vascular health optimization strategies, to mitigate cognitive
decline. Additionally, longitudinal studies are needed to assess the long-term effects of carotid revascularization
on cognitive function and QoL. Policymakers should consider integrating cognitive screenings into standard care
protocols for patients with carotid artery disease to improve clinical outcomes and reduce healthcare burdens.
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