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Background  
Over the past decade, there has been extensive research exploring the relationship 
between vascular health and mental well-being, encompassing aspects such as mood and 
cognition. However, there is a notable gap in research focusing on the mental and 
vascular conditions of minor ischemic stroke or transient ischemic attack (TIA) patients, 
particularly within the Thai population. 

Objectives  
To investigate the clinical characteristics and mental issues related to vascular functions 
in patients who have experienced a minor ischemic stroke or TIA. This study, approved by 
the Buriram Hospital Ethics Committee (IRB: BR0033.102.1/8), adhered to the guidelines 
of the Helsinki Declaration and obtained informed consent from all participants. 

Methods  
A prospective cross-sectional study was conducted at Buriram Hospital, a government 
regional hospital located in Buriram province, Thailand, involving twenty-three 
participants diagnosed with minor ischemic stroke or TIA. Measurements included 
clinical characteristics, Hospital Anxiety and Depression Scale-part Anxiety (HADS-A), 
Hospital Anxiety and Depression Scale-part Depression (HADS-D), mini-Mental State 
Examination (MMSE), Montreal Cognitive Assessment (MoCA), flow-mediated dilation 
(FMD), and brachial-ankle pulse wave velocity (baPWV). Linear regression analysis was 
employed to investigate the factors associated with vascular function (FMD and baPWV). 

Results  
The factor related to FMD was HADS-D (β = -0.5, 95% CI -0.33 to -0.04). Factors 
associated with baPWV included age (β = 0.51, 95% CI 5.05 to 39.50) and the duration of 
minor ischemic stroke or TIA (β = 0.48, 95% CI 25.41 to 290.99). 
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Conclusions  
FMD shows a connection with depressive symptoms in patients with minor ischemic 
stroke or TIA. Therefore, it is important to detect and provide appropriate treatment for 
depressive symptoms in these patients, as it may lead to improvements in vascular 
function and better cerebrovascular outcomes. 

INTRODUCTION 

Stroke is the second-leading cause of death and the third-
leading cause of death and disability combined in the 
world, a situation that is consistent with the context in 
Thailand. The escalating healthcare burden of stroke in 
Thailand, with an estimated prevalence of 1.88% among 
adults over 45 years old, is primarily driven by the country’s 
transition to an aging society.1 Ischemic stroke treatment 
includes thrombolytic therapy, antiplatelet drugs, and me-
chanical thrombectomy. Additionally, it involves control-
ling blood pressure and cholesterol, adopting lifestyle 
changes, and undergoing rehabilitation therapy.2 

Beyond the physical challenges, individuals who have 
experienced a stroke face an elevated risk of mental health 
issues such as depression, anxiety, and cognitive decline. 
Approximately 1 in 3 stroke patients may experience de-
pression or anxiety within a year after the event, while 84% 
of stroke survivors encounter cognitive impairment within 
a 4-year period.3‑5 The relationship between disability after 
stroke and depression has been studied. In a 2020 study 
conducted by Astuti et al., it was revealed that 62.5% of 
stroke patients experienced mild depressive episodes fol-
lowing the stroke, while 58.7% reported mild disabilities. 
Additionally, the study identified a correlation between the 
severity of depression and the extent of functional disabil-
ity among post-stroke patients.6 

Vascular function impairment constitutes a recognized 
risk of stroke. Dysfunctional blood vessels can precipitate 
the development of blood clots, atherosclerosis, and hyper-
tension, collectively augmenting the propensity for stroke 
occurrence. The factors associated with vascular function 
include age, blood pressure, cholesterol levels, diabetes 
mellitus, obesity, medications, and physical activity. Vari-
ous methods assess vascular function, including flow-me-
diated dilation (FMD) and brachial-ankle pulse wave veloc-
ity (baPWV). FMD gauges blood vessels’ capacity to expand 
in response to increased blood flow, reflecting endothelial 
function—a key cardiovascular health indicator influencing 
blood pressure regulation and vascular integrity.7,8 BaPWV 
measures the brachial-to-ankle artery pressure wave veloc-
ity, indicating artery stiffness; higher values suggest re-
duced elasticity, potentially signaling vascular aging and 
atherosclerosis. Both FMD and baPWV serve as clinical in-
dicators for cardiovascular diseases, stroke, and congestive 
heart failure.9,10 Santos-García et al. also discovered that a 
decrease in FMD serves as an indicator for the occurrence 
of a new vascular event following a stroke.11 

In the past decade, numerous studies have explored the 
link between vascular function and mental health, includ-
ing mood and cognition. A prior systematic review and 
meta-analysis revealed an inverse relationship between de-
pressed mood and endothelial function measured by FMD 

in both healthy individuals and cardiovascular disease pa-
tients.12 A 2016 systematic review also found that impaired 
FMD is associated with worse neuropsychological function-
ing, especially in executive function.13 In 2021, Moh et al. 
discovered that older individuals with type 2 diabetes ex-
hibit elevated pulse wave velocity in correlation with de-
pressive symptoms.14 A study in population-based by Nils-
son et al. also found that cognitive function showed an 
inverse relationship with pulse wave velocity, displaying a 
nonlinear pattern.15 However, research on mental and vas-
cular conditions in minor ischemic stroke or transient is-
chemic attack (TIA) patients, particularly in Thai patients, 
is limited. 

This study aims to investigate the connections between 
vascular function (FMD and baPWV) and clinical character-
istics (including age, gender, body weight, comorbidities, 
stroke classification, and duration of stroke), depression/
anxiety, and cognitive function in these patients. 

This study, approved by the Buriram Hospital Ethics 
Committee (IRB: BR0033.102.1/8), adhered to the Helsinki 
Declaration’s guidelines and obtained informed consent 
from all participants. 

MATERIALS AND METHODS 

PARTICIPANTS 

This research constituted a prospective cross-sectional in-
vestigation conducted among patients who had received 
treatment for minor ischemic stroke or TIA at the Neurol-
ogy Outpatient Clinic of Buriram Hospital, a government 
regional hospital located in Buriram province, Thailand. 

The inclusion criteria were as follows: 

The exclusion criteria were as follows: 

DATA COLLECTION AND MEASUREMENTS 

Patients were provided with specific instructions before 
testing. They were advised to refrain from strenuous exer-
cise for 24 hours, avoid caffeine and alcohol for 18 hours, 
and fast for 6 hours prior to their data collection appoint-
ment, which was scheduled between 8:00 AM and 9:00 AM 
at the hospital. Patients were also advised to wear com-
fortable, lightweight clothing and remove any metal items. 
The testing sessions, which included completing a ques-

• Aged between 40 and 70 years. 
• Diagnosed with a minor ischemic stroke (with a Na-

tional Institutes of Health Stroke Scale score of 3 or 
lower) or TIA within a 5-year period. 

• History of atrial fibrillation. 
• History of anxiety or depressive disorders. 
• Denied participation in the study. 
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tionnaire, assessing body composition, measuring baPWV, 
and evaluating brachial FMD, occurred between 8:00 AM 
and 11:00 AM in a controlled environment maintained at 
approximately 23–25 degrees Celsius. 

QUESTIONNAIRE, BODY COMPOSITION, AND MEDICAL 
RECORDS 

The Hospital Anxiety and Depression Scale (HADS) ques-
tionnaire, comprising HADS depression (HADS-D) and 
HADS anxiety subscales (HADS-A), was employed to assess 
anxiety and depression.16 Cognitive function was measured 
using the mini-mental state examination (MMSE) and 
Montreal cognitive assessment (MoCA).17 Data from the 
HADS, MoCA, and MMSE were gathered by a psychiatrist. 
We employed an Omron HBF375 body composition analyzer 
(Omron Healthcare Europe B. V., Hoofddorp, Netherlands) 
to assess body composition, including weight, body fat per-
centage, and basal metabolic rate. Clinical data, including 
low-density lipoprotein (LDL) and glycated hemoglobin 
(HbA1c) levels measured within the last 4 weeks, along with 
other clinical characteristics, were extracted from medical 
records. 

BRACHIAL FLOW-MEDIATED DILATION (FMD) 

The characteristics of the brachial artery were assessed us-
ing ultrasound equipment (Vividi, GE Healthcare, Cardio-
vascular Ultrasound System; GE Medical Systems, Tirat 
Carmel, Israel). All participants were instructed to remain 
in a supine position for 20 minutes before the measure-
ment, and a blood pressure cuff was placed around the right 
forearm for the duration of the measurements. The brachial 
artery’s features were longitudinally recorded from the an-
tecubital fossa at three time points: 1 minute at baseline, 
5 minutes during occlusion, and 3 minutes during defla-
tion.18,19 During the occlusion phase, the cuff was inflated 
to a pressure 50 mmHg above the systolic blood pressure.7 

To minimize potential investigator bias in image analysis, a 
computer-based analysis program (Brachial Analyzer, Med-
ical Imaging Applications, Coralville, IA, USA) was em-
ployed to analyze changes in vascular diameter. FMD was 
determined using the formula FMD = (d2 - d1) x 100/d1, 
where d1 represents the average brachial artery diameter at 
baseline and d2 denotes the average brachial artery diame-
ter after occlusion.20 

BRACHIAL-ANKLE PULSE WAVE VELOCITY (baPWV) 

The baPWV was assessed using a non-invasive vascular 
screening device (OMRON; Colin VP-1000 plus, Kyoto, 
Japan). Participants were positioned in a supine posture 
and equipped with electrocardiogram and phonocardio-
gram electrodes, placed on the left edge of the sternum 
or around the second intercostal space. Subsequently, cuffs 
with electrocardiography electrodes were wrapped around 
the wrists and brachium, as well as the ankles. These cuffs 
were then connected to a plethysmographic sensor for vol-
ume pulse form analysis and an oscillometric pressure sen-
sor to determine blood pressure. Finally, the pulse volume 

waveforms of the brachial and ankle were recorded over ap-
proximately 10 seconds of cardiac cycles, and the average 
baPWV value was computed from both the right and left 
sides. 

STATISTICAL ANALYSIS 

Data analysis was conducted using IBM SPSS Statistics ver-
sion 19 (IBM Corp., Armonk, NY, USA). Descriptive statis-
tics, including counts, percentages, means, and standard 
deviations (SD), summarized participants’ general informa-
tion. Linear regression analysis was used to explore factors 
linked to continuous variables, such as FMD and baPWV. 
Statistical significance was established at P < 0.05. 

RESULTS 

The clinical characteristics of the 23 participants included 
in the current study are shown in Table 1. The group con-
sisted of 14 males (60.9%) with a mean age (SD) of 58.9 
(7.57) years. The average body weight was 72.8 kg, with 
a mean body fat percentage of 32.0%. Common comor-
bidities included hypertension (82.6%) and diabetes melli-
tus (60.9%). The Trial of Org 10172 in Acute Stroke Treat-
ment (TOAST) classification revealed that 30.4% had large 
artery atherosclerosis, while 69.6% had small vessel oc-
clusion. Cognitive function was assessed using MMSE and 
MoCA, with mean scores of 23.9 and 19.0, respectively. 
Anxiety and depression levels were measured using HADS, 
with mean scores of 4.5 for anxiety and 3.5 for depression. 
Vascular function parameters included a mean baPWV of 
1,716.9 cm/s and a mean FMD of 5.0%. 

Table 2, Figure 1, Figure 2, and Figure 3 illustrate the re-
lationships between clinical characteristics, mental health, 
and vascular function in minor ischemic stroke or TIA pa-
tients. A significant positive relationship exists between 
age and baPWV (β = 0.51, p = 0.014), suggesting that as 
age increases, baPWV tends to increase. Additionally, there 
is a significant positive relationship between the duration 
of minor ischemic stroke or TIA and baPWV (β = 0.48, p = 
0.022), implying that a longer duration of stroke or TIA is 
associated with higher baPWV. Moreover, a significant neg-
ative relationship is observed between HADS-D score and 
FMD (β = -0.50, p = 0.015), indicating that higher depres-
sion scores are linked to lower FMD. Furthermore, a mar-
ginally significant negative relationship is found between 
MMSE score and baPWV (β = -0.38, p = 0.073), suggest-
ing that lower MMSE scores (indicative of cognitive im-
pairment) are associated with higher baPWV. Lastly, a mar-
ginally significant positive relationship is found between 
HbA1c and baPWV (β = 0.38, p = 0.073). Notably, there 
were no statistically significant associations between vas-
cular function (FMD or baPWV) and other clinical charac-
teristics, including MoCA, HADS-A, body weight, body fat, 
basal metabolic rate, body mass index, LDL, systolic blood 
pressure, diastolic blood pressure, and mean arterial blood 
pressure. 
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Table 1. Characteristics of participants    

Characteristics (n=23) 

Age (years); mean [SD] 58.9 (7.57) 

Gender; male; n (%) 14 (60.9) 

Body weight (kg); mean [SD] 72.8 (16.14) 

Body fat (%); mean [SD] 32.0 (7.01) 

Basal metabolic rate (kcal); mean [SD] 1,526.1 (268.84) 

Body mass index (kg/m2); mean [SD] 27.9 (5.99) 

Diabetes mellitus; n (%) 14 (60.9) 

Hypertension; n (%) 19 (82.6) 

Dyslipidemia; n (%) 7 (30.4) 

Other comorbidities; n (%) 11 (47.2) 

TOAST classification; large artery atherosclerosis; n (%) 7 (30.4) 

TOAST classification; small vessel occlusion; n (%) 16 (69.6) 

Duration of minor ischemic stroke/TIA (yrs); mean [SD] 1.9 (1.00) 

HbA1C (%); mean [SD] 6.4 (1.13) 

LDL (mg/dL); mean [SD] 91.3 (34.10) 

Systolic blood pressure (mmHg); mean [SD] 143.4 (14.27) 

Diastolic blood pressure (mmHg); mean [SD] 81.5 (10.50) 

Mean arterial pressure (mmHg); mean [SD] 106.1 (13.95) 

MMSE; mean [SD] 23.9 (3.04) 

MoCA; mean [SD] 19.0 (3.84) 

HADS-A; mean [SD] 4.5 (3.04) 

HADS-D; mean [SD] 3.5 (2.41) 

Brachial-ankle pulse wave velocity (cm/s); mean [SD] 1,716.9 (333.34) 

Flow-mediated dilation (FMD, %); mean [SD] 5.0 (0.88) 

MMSE=Mini-mental state examination, MoCA= Montreal Cognitive Assessment, HADS-A=Hospital anxiety and depression scale part anxiety, HADS-D= Hospital anxiety and depres-
sion scale part depression, TOAST=Trial of Org 10172 in Acute Stroke Treatment, HbA1C=Glycated hemoglobin, LDL=Low-density lipoprotein, TIA=Transient ischemic attack, 
SD=Standard deviation 

DISCUSSIONS 

The present study investigated factors related to vascular 
function in minor ischemic stroke or TIA patients, and the 
evaluation can be divided into three parts. The first part of 
the study centered on clinical characteristics. We discov-
ered a connection between age and the duration of minor 
ischemic stroke or TIA, and baPWV. This correlation could 
be attributed to the influence of aging on arterial stiffness, 
possibly due to endothelial dysfunction. It’s plausible that 
more advanced age or a longer duration of stroke or TIA 
could contribute to increased arterial stiffness.21 

The second part of our study focused on cognitive func-
tion. We found a marginally significant negative relation-
ship between MMSE score and baPWV (β = -0.38, p = 0.073), 
indicating that lower MMSE scores (indicative of cognitive 
impairment) are associated with higher baPWV. Our find-
ings align with previous studies that have demonstrated a 
modest association between high arterial stiffness, as mea-
sured by pulse wave velocity, and cognitive decline and im-
pairment.15,22 This association might be explained by: 1) 
High pulse pressures may alter cerebral blood vessel struc-
ture, hindering the transport of nutrients to the brain and 

the removal of toxic byproducts. 2) White matter damage: 
Arterial stiffness contributes to the formation of white mat-
ter lesions in the brain, disrupting communication between 
brain regions and affecting cognitive processes. 3) Arterial 
stiffness serves as an independent predictor for cardiovas-
cular events and risk factors, which subsequently influence 
cognitive decline.22 

Depression and anxiety were discussed in the third part. 
A higher level of depression may impair FMD in stroke 
or TIA patients, as shown by the negative correlation be-
tween FMD and HADS-D in our study. We posit four reasons 
for the connection between depressive symptoms and im-
paired FMD in minor ischemic stroke or TIA patients (1) In-
flammation: Depression is linked to chronic low-grade in-
flammation, which negatively affects endothelial function 
including blood vessel dilation.23,24 (2) Oxidative stress: 
Depression elevates oxidative stress, and this increase in 
oxidative stress leads to damage in blood vessel walls, re-
sulting in FMD impairment.25 (3) Autonomic nervous sys-
tem imbalance: Depression impairs autonomic nervous sys-
tem regulation, causing abnormal blood vessel responses, 
which might lead to impaired FMD.26 (4) Physical inactiv-
ity: Depression frequently results in reduced physical ac-
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Table 2. Relationship between baPWV/FMD and clinical characteristics in patients with minor ischemic stroke or              
TIA  

baPWV FMD 

β 95% CI of β p-value β 95% CI of β p-value 

Age 0.51 5.05, 39.50 0.014* -0.13 -0.07, 0.04 0.558 

Body weight -0.31 -15.34, 2.48 0.148 0.01 -0.02, 0.03 0.976 

Body fat -0.33 -35.48, 4.78 0.128 -0.02 -0.06, 0.05 0.925 

Basal metabolic rate -0.21 -0.81, 0.29 0.330 0.02 -0.00, 0.00 0.936 

Body mass index -0.32 -41.79, 6.00 0.134 -0.10 -0.08, 0.05 0.646 

Duration of minor ischemic stroke/TIA 0.48 25.41, 290.99 0.022* 0.07 -0.34, 0.46 0.746 

HbA1C 0.38 -11.43, 236.28 0.073 -0.26 -0.54, 0.14 0.239 

LDL 0.15 -2.94, 5.83 0.502 -0.17 -0.02, 0.01 0.433 

Systolic blood pressure 0.34 -2.03, 17.91 0.113 -0.23 -0.04, 0.01 0.297 

Diastolic blood pressure 0.27 -5.34, 22.41 0.215 -0.05 -0.04, 0.03 0.809 

Mean arterial pressure 0.29 -3.41, 17.34 0.177 -0.24 -0.04, 0.01 0.275 

MMSE -0.38 -87.64, 4.28 0.073 0.19 -0.08, 0.18 0.390 

MoCA 0.05 -35,33, 43.30 0.835 -0.14 -0.14, 0.07 0.531 

HADS-A -0.37 -86.32, 6.21 0.086 -0.35 -0.23, 0.02 0.102 

HADS-D -0.11 -77.97, 46.79 0.609 -0.50 -0.33, -0.04 0.015* 

MMSE=Mini-mental state examination, MoCA= Montreal Cognitive Assessment, HADS-A=Hospital anxiety and depression scale part anxiety, HADS-B= Hospital anxiety and depres-
sion scale part depression, HbA1C=Glycated hemoglobin, LDL=Low-density lipoprotein, TIA=Transient ischemic attack, CI= Confidential interval 
*p-value<0.05, statistical significance 

Figure 1. Scatter plot of age vs. baPWV (β = 0.51,          p-value = 0.014)    

tivity, contributing to endothelial dysfunction. Considering 
the association demonstrated in a previous study between 
impairment of FMD and the occurrence of a new-onset vas-
cular event following a stroke, our findings emphasize the 
importance for physicians to pay attention to stroke pa-
tients experiencing significant depression.11 

Narita et al. discovered a significant inverse relationship 
between anxiety and FMD in elderly individuals, a connec-
tion not found in younger subjects. This implies that anx-
iety might serve as a predisposing factor for cardiovascu-
lar damage, potentially contributing to the development of 
atherosclerotic lesions over time.27 The mechanisms be-
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Figure 2. Scatter plot of duration of minor ischemic stroke/TIA vs. baPWV (β = 0.48,              p-value = 0.022)    

Figure 3. Scatter plot of HAD-D vs. FMD (β = -0.5,          p-value = 0.015)    

hind anxiety-induced vascular impairment can be eluci-
dated through the following pathways. (1) Activation of 
sympathetic activity: Anxiety triggers the release of stress 
hormones such as adrenaline and cortisol, heightening 
sympathetic activity. This increased activity may result in 
vasoconstriction and elevated heart rate, thus contributing 
to vascular dysfunction.28 (2) Inflammation and oxidative 
stress: Chronic anxiety is linked to systemic inflammation 
and oxidative stress. Elevated levels of pro-inflammatory 

cytokines and reactive oxygen species can harm the en-
dothelial cells lining blood vessels, impairing their function 
and contributing to atherosclerosis.29 (3) Dysregulation of 
the Hypothalamic-Pituitary-Adrenal (HPA) Axis: Anxiety 
can disrupt the HPA axis, leading to excessive cortisol pro-
duction. Prolonged exposure to high cortisol levels may 
disrupt vascular homeostasis and impair endothelial func-
tion.30 (4) Behavioral risk factors: Individuals experiencing 
anxiety may engage in unhealthy behaviors such as smok-
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ing, poor dietary choices, physical inactivity, and substance 
abuse, all recognized as risk factors for vascular impair-
ment. These behaviors can exacerbate vascular dysfunction 
and heighten the likelihood of cerebrovascular dis-
eases.31‑33 In the present study, we did not observe a signif-
icant association between anxiety, as measured by HADS-
A, and vascular function. However, we believe that such an 
association might emerge if we increase the number of par-
ticipants and/or utilize another or multiple tests for mea-
suring anxiety. 

This study has several limitations. Firstly, it had a lim-
ited sample size; future research should consider a larger 
sample for more robust results. Secondly, future studies 
could benefit from assessing parameters like nitrite/nitrate 
and endothelin-1, as these were not measured in our re-
search, potentially providing insights into changes in blood 
chemistry. Lastly, our study did not evaluate smooth-mus-
cle function, which could offer additional insights into the 
observed alterations in FMD. 

CONCLUSIONS 

FMD exhibits a connection with depressive symptoms, 
while baPWV demonstrates associations with both age and 
the duration of stroke or transient ischemic attack among 
patients suffering from these conditions. As a result, un-
derstanding the interplay among these factors could prove 
valuable for physicians in monitoring and predicting dis-
ease progression. 
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